DEDAN KIMATHI UNIVERSITY OF
TECHNOLOGY

PROCEEDINGS OF
THE 4™ DeKUT INTERNATIONAL
CONFERENCE ON SCIENCE, TECHNOLOGY,
INNOVATION & ENTREPRENEURSHIP

THEME:

OHarnessing Science, Technol ogy, | r
for Sustainabl e Devel opment

February 2019



PROCEEDINGS OF THE 4™ DeKUT INTERNATIONAL CONFERENCE ON
SCIENCE, TECHNOLOGY, INNOVATION & ENTREPRENEURSHIP

Dedan Kimathi University of Technology

© DeKUT 201

Published by % DeKUT International Conference on STI&E Committee
P.O Box Private Bag

NYERI, KENYA

Disclaimer

Views and opinions expressed herein do not represent those of the publisher, Dedan
Kimathi University of Technology. These views and opinions are those of the
contributing authors.



DeKUT Vision

To be the pemier technological University excelling in quality Education, Research
and Technology transfer for national development.

DeKUT Mission

To provide academically stimulating, culturally diverse and quality learning
environment that fosters research, instoon and technology development towards
producing relevant technical and managerial human resource and leaders to contribute
to attainment of national development goals.

DeKUT Core Values

Innovation, Scholarship, Diversity, Integrity. Teamwork

DeKUT Motto
Better Life through Technology.



PREFACE

The 4" DeKUT International Conference on Science, Technology Innovation and
Entrepreneurship (STI&E) was held off 7 9" November, 2018 at Dedan Kimathi
University of Technology (DeKUT) Main &npus in Nyeri. The theme of the
c onf er e HarmessimgaSsienae, Technology, Innovation and Entrepreneurship
for Sust ai nab Conferéneesseblthenpesgenet 0 .
Engineering Technologies and Innovations for Industrialization.
Business Managemeand Entrepreneurship for Sustainable Development.
Basic and Applied Sciences for Advancement of Research and Innovations.
Innovative Agricultural Sciences and Technologies for Sustainable Food and
Nutrition Security.
Water, Energy, GIS and Remote Senskgyironment, and Climate Change.
Health Sciences and Community Development.
Information and Communication Technology for Development.
Tourism, Wildlife and Hospitality Management.
. Policy, Culture and Governance for Sustainable Development

10 Security Trend and Innovations.

11.Trends in Technical Education and Training.

12. African Development and Harnessing Traditional Knowledge

13.Data Science
The conference pwided researchers from local and international institutions, a
forum to discuss and share ideas lates innovations and research outputs that
address local and global challenges and thosdrttpabve the quality of life for the
people and inform the decisinaking process in matters of development by
government and businessdsternational delegates camfrom countries such as
Germany, Japan, Ethiopia and Mozambique and Rwanda. The conference was
officially opened by theepresentative of thBirector General, Energy Regulatory
Commission (ERC) Dr. John Mutua.
Identified high quality papers have beeresid for publication in thelournal of
Applied Sience, Engineeing and Tehnology forDevdopment.This journal has a
reputation of high international standards and a nefice in engineering, applied
sciences anddevelopmentWe continue toseekcollaboration withthe largst number
of authorsand instiutions,to assisusin maintainng our reputation.
The confererte organzing committeewould like to thankall the key note speakers,
authors and sponsos for their great effort to make this outstanding conference
come true. We look forward to seeing you again during theD8KUT International
Conference on STI&E to be hetah 67 i 8" November, 209.

PwbdE

© NGO

Dr. Ogutu Keroboto
Chairman, Conference Organizing Committee
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Modelling of the abundance of malaria mosquitoes using Poisson mixed model

Moyo Edwin
Pan African University, Institie for Basic Sciences, Technology and Innovation, P.O.
Box 6200000200, NairobiKenya

Anopheles funestus and Anopheles gambiae are malaria vector mosquitoes. Knowing
their resting behavior is important for implementing control methods. The aim of this
study was to investigate the resting behaviour of the two malaria mosquitoes. The
study was conducted in Kilombero River Valley and mosquitoes were collected using
indoor and outdoor traps from 20122015. Poisson mixed models were used to
guantify the impct of environment variables on resting behaviour. A log ratio rate
between the type of trap and its interaction with environmental variables was used to
determine if there was a change overtime in the resting behaviour. A total of 4,696
mosquitoes were séing indoors of which 57% were A. funestus and 43% were A.
gambiae. Similarly, a total of 12, 028 mosquitoes were resting outdoor of which 13%
were A. funestus and 87% were A. gambiae. Temperature was significant and
affected the resting behaviour of Aunfestus. Humidity, saturation deficit and
temperature were significant variables influencing the resting behaviour of A.
gambiae. A. funestus was resting indoor while A. gambiae was resting outdoor over
time generally. The findings of this study on theeef§ of environmental variables

and the variations in the resting behaviour of A. gambiae and A. funestus could be
used as a guide to implementing appropriate intervention measures such as IRS, ITNs
and mosquito repellents.

Keywords: A. gambiae, A. fuséus, resting behaviour, type of trap, mosquito density,
Environmental variables.



A Biology and Chemistry Primer for Undergraduate Students

Tayebwa, R.*, Wozei, E., KizzBlkambwe, S., Gurley, T., Birikadde, G., Kimono,
D., and Nakayenga, J.

Departmenbf Engineering and Environment, Faculty of Science and Technology,
Uganda Christian University, P.O. Box 4, Mukono, Uganda
rtayebwa@ucu.ac.ug
Corresponding Author: Wozei, Eyvozei@ucu.ac.ug

Abstract

A Biology and Chemistry Primer for Undergraduate Students (ABAELl)Ss a

project that has so far developed a General Chemistry Primer which introduces basic
chemistry concepts and integrated relevant practical experiments to allow a refresher
for Undergraduate studen&ind enhance better performance in science related courses
regardless of preni ver sity subjects studi ed. Da
background, enrolment and performance was obtained from the Uganda Christian
University Faculty of Science and Techrgpjoand Admissions Office. Chemistry
experts developed ten chapters of the Primer that was made available to students as a
reference text. Feedback was obtained in a structured Knowledge, Attitude and
Practice survey. Continuous performance tracking wag a@ontests and exams of
students with whom the Primer was piloted. Data was analysed using SPSS and
Microsoft Excel 2010. In the 2013/14 Bachelor of Environmental Science (BES)
cohort, 3 out of 15 students had sat for Advanced Level Chemistry, 53 % of the
students in this program scored below 70% in General Chemistry course unit and all
scored above 65% in Environmental Chemistry | before piloting the Primer. After
piloting the Primer, 80% of the students in BES program that did not sit for Advanced
Level Chemistry scored above 65% in Environmental Chemistry Il. In the 2013/14
Bachelor of Science in Civil and Environmental Engineering (BSCEE) cohort, 26 out

of 74 students had sat for Advanced Level Chemistry, 81% of these scored above
71% in Environmental Gdmistry | and 4 students who scored below 65% did not sit

for Advanced Level Chemistry. After piloting the Primer, 74 % of the students in the
BSCEE program who did not sit for Advanced Level Chemistry scored above 65%.
The Primer could have increased ttenfidence of the students who did not sit for
Advanced Level Chemistry thus boosting st

Keywords: General Chemistry Primer, Education Background, Enrolment, Performance
1. INTRODUCTION

A Biology and Chemistry Primer for Uedgraduate Students (ABACLE
developed a General Chemistry Primer that introduced basic chemistry concepts and
integrated relevant practical experiments to allow a foundation or refresher for
Undergraduate students and enhance better performance inesogated courses
regardless of preniversity subject combination. Science programs at Uganda
Christian University especially where chemistry knowledge is required indicate that
some of the enrolled students lack an Advanced Level chemistry backgroigid wh
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affects their academic performance. This is normally reflected in the data collected by
the Department of Engineering and Environment through informal interviews with
first year students during a departmental orientation about the subjeces] affen
Ordinary (O) and Advanced (A) Level. This is important to introduce basic chemistry
concepts and integrated relevant practical experiments to allow a foundation and/or a
refresher for Undergraduate Students. It was done through development of a General
Chemistry Primer for Undergraduate students incorporating relevant basic theory and
practicals, piloting the Primer in selected science related courses and tracking any
changes in student enrolment, uptake and performance in the selected science related
couses during the study period.

2. METHODS

First, baseline data was compiled on the selected science related undergraduate
courses requiring chemistry knowledge at the Uganda Christian University, as several
programs included core course units in Chemidihis included data on: applicants
(numbers, education background including Advanced Level subjects taken), gender,
enr ol ment and performance. Data on stude
from informal interviews from the Engineering and Environmaepartmental first

year studentsdé orientation and data on er
the Faculty of Science & Technology database. Only data on the Bachelor of
Environmental Science and Bachelor of Science in Civil & Environmental
Enginesring programs was obtained. Chemistry experts developed ten chapters of the
Chemistry Primer and it was made available to Undergraduate Students in the
Bachelor of Science in Civil and Environmental Engineering and the Bachelor of
Environmental Science pgrams as a reference text during the Environmental
Chemistry Il course unit. Feedback was obtained in a structured Knowledge, Attitude

and Practice survey. Continuous performance tracking was done on tests and exams

of students with whom the Primer wadoped. Data was analysed using SPSS and
Microsoft Excel 2010.

3. RESULTS AND DISCUSSION

Using knowledge on relevant environmental samples such as soil extracts,
wastewater, potable water, plant extracts among others, the students were able to
conceptualiz more advanced uses of the General Chemistry learned and show the
relevance and contextualization of the General Chemistry to applications in
Environmental Science, Civil and Environmental Engineering fields thereby ensuring
student appreciation for theé&wledge and skills within their chosen career.

Table 1 Grading System for Universities in Uganda

Grade Marks (%)
A(U) 80-100
B+(U) 7579




B(U)
B-(U)
C+(U)
C(V)
C-(U)
R(V)
UN(U)
DO(U)

70-74
65-69
60-64
5559
50-54
Retake
Unknown

Dropped off

Source: National Council for Higher Education (2006)

Table 2: Uganda Advanced Certificate of Education grades

Grade

mT O m O O W >»

NA

Not Applicable

Source: Uganda National Examinations Board (2012)

The Advanced Level grades varywit st udent s o

performance in

Figures 1- 5 show performance of the Bachelor of Environmental Science and the
Bachelor Science in Civil and Environmental Engineering students in Chemistry
related subjects including General Chemistry, Envirortale@hemistry | and
Environmental Chemistry 1l which were gauged using university grades. The
performance of the students in General Chemistry, Environmental Chemistry | and
Environmental Chemistry 1l was tracked basing on Advanced Level Chemistry grades
and Gender. General Chemistry and Environmental Chemistry | was done before
piloting the Chemistry Primer while Environmental Chemistry Il was done after
piloting the Primer. The Bachelor of Science in Civil and Environmental Engineering
students did not sfor General Chemistry course unit.

Bachelor of Environmental Science (2013/14)

a



Out of 15 students who enrolled for this program, only 3 students sat for Advanced Level

Chemistry subject.
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Figure 1: Advanced Level gradder students who enrolled for the Bachelor of
Environmental Science and their performance at University in General Chemistry Course
unit.

Following Figure 1, the general performance of students in General Chemistry was poor as
53% of the students scorbdlow B (65%). This poor performance could be because the
majority (12 students) did not have a chemistry back ground. 100% of the students who sat
for Advanced Level Chemistry scored grade A.
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Figure 2: Advanced Level gradesif students who enrolled for Bachelor of Environmental
Science and their performance at University in Environmental Chemistry 1 Course unit.

As shown in Figure 2, the general performance of the students was good as the average score
was A (80%) and all stients scored above 70 % (B) in Environmental Chemistry |. The

female students performed better than their male counterparts. All the students that sat for
Advanced Level chemistry scored grade A.
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Figure 3: Advanced Level gradefor students who enrolled for Bachelor of Environmental
Science and their performance at University in Environmental Chemistry || Course unit.

All the students scored above 65% (C+) with best students scoring grade A in Environmental
chemistry Il as shen in Figure 3. The average score of the class was B (65%) and 80% of
the students who did not sit for Advanced Level chemistry scored above B (65 %). This
implies that students could have been referring to the Chemistry Primer.

Bachelor of Science in Giil & Environmental Engineering (2013/14)

74 students registered and enrolled for this program. Out of these, only 26 students sat for
Advanced Level Chemistry subject.
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Figure 4: Advanced Level grades for students who enroltedBfachelor of Science in Civil
& Environmental Engineering and their performance at University in Environmental
Chemistry | Course unit.

All the Bachelor of Science in Civil and Environmental Engineering students that enrolled in
2013/2014 scored above 5 %) in Environmental Chemistry | (Figure 4). 81% of the
students who sat for Advanced Level Chemistry scored above B+ (75 %). The female
students performed better than the male students.
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Figure 5: Advanced Level grades fetudents who enrolled for Bachelor of Science in Civil
& Environmental Engineering and their performance at University in Environmental
Chemistry Il Course unit.

From Figure 5, 74 % of the students that had not sat for Advanced Level Chemistry scored
abowe B (65%). These performed better than the students who sat for Advanced Level
chemistry as they had 54% scoring above B (65%). One of the possible explanations of this
performance could be that the use of the chemistry primer increased the confidéece of
students who did not sit for Advanced Level chemistry.

4. CONCLUSIONS

After piloting the Chemistry Primer, findings show that the overall performance in Bachelor
of Environmental Science, 80% of the students in this class who did not sit for Advanced
Level Chemistry scored above grade B (65%) in Environmental Chemistry Il course unit
implying that students could have been referring to the Chemistry primer.

In the Bachelor of Science in Civil and Environmental Engineering, 74 % of the students who
did not sit for Advanced Level chemistry also scored above grade B (65%) and performed
better than the students who had sat for Advanced Level chemistry. The explanation of this
improved performance could be that the use of the Chemistry primer increasedfitience

of the students who did not sit for Advanced Level chemistry.
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Influence of light and nutrient enrichment on phytoplankton photosynthetic
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Abstract

The effect of light and nutrient (N; P) enrichment on phytoplankton photosynthetic
capacity was assessed using Pulse Amplitude Modulation (PAM) fluorometer in three
stations along a biogeochemical gradient in southeastern Lake Victoria. Measurement
of rapid light curve (RLC) and yield (Fm) of dark adapted samples on filter paper
was done before and after enrichment with N and P (final concentration 300ug/lI and
100w/l respectively) and incubating in dark for 24 houra dark control triplicate

was incubated with no enrichment. Another triplicate was kept in natural light and in
darkness during the night and the same measurements made. The derived points from
the RIC  ( Wand rETRay varied spatially and responded differently to light and
nutrient enrichment. The main lake station consistently responded to light enrichment,
an indication of existence of light limited conditions due to high mixing depth
(>15m), wheeas the station in exchange zone, between the gulf and the main lake,
always had higher rETRx values compared to the other stations, indicating a higher
photosynthetic capacity. Yield values varied spatially but showed no sensitivity to
light and nutriet enrichment. Spatial variation in the measured and derived
parameters can be due to differences in phytoplankton species composition,
environmental conditions (light attenuation, nutrients etc) and morphometry along the
study area. Results from this syugdhows that fluorometric measurements, when
carefully interpreted, can be useful and rapid tool in photosynthetic studies of
phytoplankton in natural systems and useful tool in aquatic environmental
management.

Key Words: Lake Victoria; Nutrients; Phosynthesis; Fluorometry
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Abstract

The photostabilizing potential of liquorice root extract on commonly used UV
absorbers in the market was investigated. The effect of UV light on the
photochemical stability of -Rthylhexytp-mettoxy cinnamate (EHMC),
benzophenon8 (BP3), antert-butylmethoxy dibenzoylmethane (BMDBM,
avobenzone) mixed with liquorice root extract was studied by irradiating the
mixture(s) with simulated solar radiation. The photochemical transformations were
monitared by standard spectrophotometric methods:M&; and HPLCUV-ESFH
MS-MS. The extract showed good UV absorption but degrades on prolonged UV
exposure. The mixture of BP3 with liquorice root extract showed enhanced
photostabilityarising fromthe chemicalteraction of BP3 with the extract. EHMC
showed photostability upon prolonged exposure and BMDBM showed spectral
photodegradation. This extract may not be good photostabilizer for BMDBM but
reacts with EHMC to yield compounds that are photostable. Litpiooot extract
stabilizesEHMC and BP3and diminishes tketoenotautomerismof BMDBM in
favour oenolBMDBM. The phenolic secondary metabolites present in liquorice root
extract may participate in free radical scavenging activity.

Keywords: Liguorice root extract, zZethylhexytp-methoxy cinnamate,

benzophenon8 tert-butylmethoxy dibenzoylmethane, photostability, sunscreens.
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1.0 Introduction

Plant extracts are commonly added to most cosmetic products, including sunscreens.
The list of plant extrastadded to cosmetic formulations growseach day but the most
common ones are derived from aloe vera, liquorice root, mulberry, grape seed, and
soybean. Despite the widespread use of these extracts in sunscreens, the fate of their
photodegradative producasd role in ultraviolet (UV) photoprotection remain largely

unknown and requires further investigation.

The medicinal properties lafuoriceextract (Glycyrrhizaglabrg belonging to
theLeguminosadamily have been known since ancient Greece, Rome, andaChin

(Fiore et al. 2005Patil et al. 201p The extracts have antiflammatory, immune

boosting, and anttancer effects, including protective effects against DiNdnage.
It is reported that in Japan liquorice extracts have been used to treat chronic hepatitis,
offering therapeutic benefit against other viruses, including human immunodeficiency

virus (HIV), cytomegalovirus (CMV), antierpes simplexXPail et al. 2012. There

is a demonstrated efficacy of these extracts in treating atopic dermatitis, an-allergy
related, and intensely itchy swelling of the sKMortezaSemnani et al. 2003

Liguorice root extracts are commonly used in dighteningpreparations because of

one of its major components, glycyrrhizin (Fig. 1),is associated the whitening effect.

Some organic sunscreens undergo photodegradation when exposed to sunlight,
specifically UV light. Our investigation of the photostability ohsareens in skin
lightening preparations showed a unique photostability of formulations containing
plant extracts. Preparations containing among other ingredients, liquorice root extract
showed an enhancedphotoprotective effect. A major component lafubece root
extract, glycyrrhizin (Fig. 1), first i
good absorption of harmful UVB (29820 nm) and UVA (32€100 nm) radiation. It

has been reported to protect human skin against UVB-ilghiced damge (Y okota

et al. 1998 Rossi et al. 2005 Therefore, there may be benefit in incorporating

liquorice root extract in sunscreen preparations because of its UV protective effects.
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Figure6: The major constituents of liquorice root extract.

A glycyrrhizin-rich liquorice extract has been shown to reduce inflammation resulting
from UV light exposure when applied to the skin before exposure to UV light, thereby
preventing redness and pigmerdat (Yokota et al. 1998There are claims that

enzymes in liquorice extract aid in stimulating aelhewal following damage from

UV rays for healthier glowing skin.Studies investigating the inhibitory effects of
glycyrrhizin on melanogenesis and inflammation have shown that it inhibits
tyrosinase activity of melanocytes. This is its proposed mechanithe treatment of
hyperpigmentation and in reversing the damage caused by acne scars. Another major

constituent of liquorice root extract,namely,glabridin (Fig. 1), has been shown to

protect against skin tumour initiation and promotiMiang et al. 1991 Other
studies have shown that liquorice root extract antioxidant activity enhances the
photostability of other compounds when addeda topical dermatological cream

(MortezaSemnani et al. 2003 The aim of this work was to investigate the effect of a

methanolic liquorice root extract on the photostability of some commonly used
sunscreens, namely,-&2hylhexylp-methoxy cinnamate (BWMC),benzophenonr8
(BP3)andert-butylmethoxy dibenzoylmethane (BMDBM).
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2.0 Experimental
The effect of liquorice root extract on common sunscreen agents was investigated by
firstly characterizing the constituents of the extract and then subjecting it to

photochemical stability studies alone and when mixed with the sunscreen(s).

2.1 Materials

The liquorice root extract was purchased from Warren Chem Specialities (Pty) Ltd,
South Africa. The solvents used HPigtade acetonitrile (ACN) and methanol
(MeOH) were purchased from Merck KGaA. The three chemical UV filters of
analytical purity (99.9 %) were purchased as followsett®lhexytp-methoxy
cinnamate (EHMC) antert-butylmethoxy dibenzoylmethane (BMDBM) were a kind
donation from BASF, benzopheneB8e(BP3) was from Sigmaldrich and N,O-
bis(trimethylsilyl)trifluoroacetamidéBSTFA) was purchased from Supelco

2.2  Characterisation of liquorice root extract

The liquorice root extract was characterised by gas chromatognagby
spectrometry (GEMS), ga chromatographflame ionisation detection (GEID),
and high performance liquid chromatographgss spectrometry (HPLRS) in order
to identify the chemical components present.

2.2.1 Sample preparation

About 25 mg of liquorice root extract powder waalsed in 25 mL of methanol at 25

°C and placed in an ultrasonic bath for two hours and then left to stand for 24 hours
protected from light by aluminium foil. The extraction mixture was then made up to
50 mL in a volumetric flask with methanol. The reantt solution was filtered
through a 0.4%um Millipore Millex-LCR membrane filter and then transferred to an
aluminium foil cased glass vial for storage. A 20 pL aliquot of this solution was
injected into a high performance liquid chromatograptass specbmeter (HPLG

MS) for characterisation of the chemical components in the extract. The remaining

solution was preserved for photostability studies.

The liquorice root extract samples for gas chromatographss spectrometry (GC
MS) characterisation werérstly derivatised to volatilise the polyphenols in the

extract. This was achieved by dissolving a sample mass of about 2 mg of extract
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powder in 1.0 mL of ACN in a clean, dry 3 mL reaction vial. To this solution 0.5 mL
of N,O-bis(trimethylsilyl)trifluoroacetamidéBSTFA) was added, then capped tightly,
mixed well, and heated at 70 °C for 45 min. The resultant derivatised mixture was
filtered through a 0.45 um Millipore MillexCR membrane syringe tip filter after
cooling to room temperature. A voluro€0.1 pL of this derivatised sample was then

injected into the GE@S chromatograph.

2.2.2 The GC-MS experiment

A 0.1 pL volume of the derivatisedliquorice root extract sample was delivered into a
Shimadzu GEMS (QP2010 SE), with a column temperature aet70 °C and
injection port at 250 °C. Injections were in split mode at a ratio of 20:1. Components
were separated in a GL Sciences InertCap 5MS/Sil 30 m x 0.25 pm quartz capillary
column with a bound stationary phase consisting of 5% dimethylpolyayjdree
siloxane. The column was held 70 °C for 2 min, raised to 240 °C at 10 ° tém

held for 5 min followed by a rise to 270 °C at 10 °C ™and held for 10 min.
Helium was the carrier gas flowing with a linear velocity of 30.0 ¢mEhe MSion
source temperature was 200 °C and the interface temperature was set at 250 °C. The
MS detector was programmed to run in scan mode imfaeange 351000 at a scan

speed of 3333. The total run time was 37 min.

2.2.3 The GC-FID experiment

To check nethod interconvertability a GEID experiment was carried out on the
same sample (derivatisedliquorice root extract) with the same temperature program.
The GGFID used was a Shimadzu &D10, fitted with an autosampler AOC 20i and

a flow unit type AFG2010. Components were separated in a®EB0 m x 0.25 pym)
guartz capillary column with a bound stationary phase consisting of 5% phenyl
polysilphenylenesiloxane. The makap gas was nitrogen/air flowing at 10 mL min

1 the carrier gas was hydrogen withflaw rate of 40 mL mift and oxygen/air
flowing at 400 mL mint. The injection port was set at 250 °C, operating in a split
mode of 20:1 for an injection volume of 0.1 pL. The velocity flow control mode was
adopted keeping the pressure at 61.9 kPa,dta flow rate at 5.0 mL mih the
column flow of 0.68 mL mirt, and a linear velocity of 20.0 mi!s
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2.2.4 HPLC-MS analysis

The liquorice root extract dissolved in methanol (see Section 2.2.1) was characterised
by means of HPLAPDA-ESFMS/MS. The anlgsis was carried out on an Agilent
1200 series LC MSD Trap,equipped with a photodiode array detector, a binary pump,
a degasser, auto sampler, and an ESI Trap MS. This employed a G1312A binary
pump, a G1316A autosampler, a G1322A degasser and a G13b&dlipde array
detector controlled by ChemStation software (Agilent, v.08.04). The
chromatographic separatiomas achieved on an Agilent Zorbax Eclipse XDBLE
reversesb hase column (150 1 4.)6 Themobile.phase; 5
was composed of water:formic acid (99:1, v/v, solvent A) and acetonitrile (solvent B).
The mixtures were resolved by a digent elution as follows: 8.3 min, 16 % B; 13

18 min; 45 % B and held for 5 min; 28 min, 75 % B, held for 5 min; 380 min, 99

% B, then held 5 min and then dropped to 16 % B for 15 min. The experiment was
performed at ambient temperature with a flmate of 1 mL mint and an injection
volume of 20 pL. The chromatograms were collected at detection wavelengths of 275
280, 286, 310, 320, and 358 nm with a bandwidth of 4 nm simultaneously in each of
the 60 min run time. The photodiode array detector seso collect the UwWis
spectra of the chemical species separated over the range of 190 to 80@lpses

were interfaced to an Agilel8L LC MSD trap equipped with an electrospray
ionization source and operated in the negatvemode. The mass detéor was a
G2445A iontrap mass spectrometer controlled by LCMSD software (Agilent, v.4.1).
The nebulizing gas was nitrogen set at a pressure of 65 psi and flow rate adjusted to
116 mL min'. A heated capillary and voltage was maintained at 350 °C and 4 k
respectively. The instrument was programmed to scan over a mass rangae/2806m

to m/z2000. The target ion accumulation in the trap was put at 30000 counts for a
maximum accumulation time of 50 ms. Ki8ata were acquired in the negative
ionizationautomatic smart mode to obtain WS primary precursor ion. The target

ion was set aft /6350, the compound stability at 100 %, and the trap drive level at 90
%. One precursor was selected in each cycle; and excluded after averaging 3 spectra;
the release time was 0.3 minutes. All collisinduced fragmentation experiments
were performd in the iontrap with helium as the collision gas, and the voltage was
increased in cycles from 0.3 up to 2 V. The fragmentation time was 20 ms at an
activation width of 10 amu and the eff for the daughter ion range set at 30 %.
MS?2 data were obtagd by manual fragmentation, targeting the most abundant ions in

the precursor ion in the MS spectra.
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2.3  Photostability experiments

The sunscreen mixture(s) with liquorice root extract were prepared by adding about
20 mg of the sunscreen agents to 25 rhithe methanol extract (see Section 2.2.1).
This solution was then made up to 50 mL in a volumetric flask with methanol. To
obtain working solutions, appropriate dilutions were carried out in order to obtain a
sunscreen agent concentration of about 200oludm® in the extract before
photostability studies were done.Samples of liquorice root extract with and without
sunscreens added were exposed to simulated solar light in a Newport research lamp
housing (M66901) fitted with mercuyenon lamp, powered bgn arc lamp power
supply (Newport 69911). The power output of the lamp was controlled by a digital
exposure controller (Newport 68951) maintaining the output at 500 W. The radiation
from the lamp was passed through a 10 mm thick Pyrex filter to ensatrerily
wavelengths greater than 300 nm impinged on the samples. The exposure time was
varied incrementally from O hour in steps of 30 min to 4 hours of continuous
exposure. Each exposed sample was contained in a stoppered 1.00 mm pathlength
quartz cuvde. After each irradiation interval a Wisible spectrum of the sample

was recorded on a Perkin Elmer Lambda 35W&dual beam spectrophotometer. A

20 pL aliquot of these same solutions was then injected into a HPLC chromatograph
to monitor the chemid¢dransformations in the extract and the included sunscreen(s).
Samples of the sunscreens alone dissolved in methanol were similarly irradiated and
monitored by UV spectrophotometry.

2.3.1 HPLC analysis of the irradiated samples

The chemical transformains in the irradiated samples were monitored on a
Shimadzu Prominence LC chromatograph with a PDA detector. The
chromatographic separatiamas achieved on an Agilent Zorbax Eclipse XDBLE
reversesb hase column (150 1 4.)6 Thevmobile.phhse; 5
was composed of water (solvent A) and acetonitrile (solvent B). The mixtures were
resolved by varying the concentration of B as followist®min, 16 % B; 13l8 min,

45 % B and held for 5 min; 233 min, 75 % B, held for 5 min, 380 min,99 % B

then held 5 min and then dropped back to 16 % B for 15 min. The experiment was
performed at ambient temperature with a flow rate of 1 mLnaind an injection
volume of 10 pL. The chromatograms were collected at detection wavelengths of 275,
280,286, 310, 320, and 358 nm with a bandwidth of 4 nm simultaneously in each of
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the 60 min run time. The photodiode array detector was set to collect thesUV

spectra of the chemical species separated over the range of 190 to 800 nm.

3.0 Results and discssion
The components of liquorice root extract were first characterised before photostability

studies were done on the extract alone and on its mixture(s) with the sunscreen agents.

3.1  Characterisation of liquorice root extract

Most plant extracts contaipolar NH and OH groups which are responsible for

strong hydrogen bonding that makes them essentially nonvolatile. Hydrogen on these
functional groups can be substituted with a trimethysilyl (TMS) group in order to

break the hydrogen bonding thus makihem volatile. The presence of each TMS
grouponanyGemMS fragment i s normally taken as
the TMS group during derivatization. The qualitative elucidation of the molecular ion

can then be done by replacement of the Th§Sa hydrogen atom. The chemical
composition of the liquorice root extract was therefore identified by replacing the

TMS group by H on the phenolic and alcoholic G@S results. This is because a

typical derivatization of hydroxylated polycyclic aromatigdrocarbons into TMS

ethers using BSTFA follows the scheme in Fig. 2 under hydrophobic conditions. The
hydrophobic conditions must be attained because the TMS group substitutes
exchangeabl e, 6acidicbdé protons anahy t here

further derivatization of the analyte (Fig. 2 and 3).

R F o—s<— NS
=\ /A N W
F N—Si N—Si—

Figure 7. General scheme for silylation reaction wusing N,O
bis(trimethylsilyDtrifluorc-acetamide: TMS = Si(C¥k, W = O, S, NH, NR', COCR,
R' = Alk, Ar.
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Figure8: Typical derivatization reaction of a secondary metabolite by BSTFA.

However, the reconstructions of the parent secondary metabolites in the liquorice root
extract posea challenge owing to the complex composition of the extract. The total
ion chromatogram from the GKRIS (Fig. 4) showed high intensities of the
fructopyranose and fructofuranosesilylated fragments indicating high abundance of
glycyrrhizin in these extractdig. 5). The remaining less intense signals could be
attributed to the fragmentation of glabridin giving rise to hydroxyl cinnamic acid

moieties (Fig. 6).

The methanolic extract considered in this work is expected to have a high
concentration of flavamds. The major constituents in liquorice root extract are
glabridin and glycyrrhizin (Fig.1). These compounds are known to dissociate upon
electron impact through a limited number of assumed pathways. The origin of
diagnostically valuable fragments cha explained by a retraldo fragmentation of

the molecular ion and the daughter fragm@enisova et al. 2006 The flavanolic

cleavage forms a set of fragments including thea®d Brings and cleavage of the
pyran ring at the third C atom. The many alcoholic fragments observed in this work
can be attributed to the high concentration of gisazin, whose sugar cleavage
gives fructofuranose and fructopyranose moieties (Fig. 5). The hydroxycinnamic acid
moieties could similarly be attributed to the fragmentation of glabridin, another
known constituent of liquorice root extracts (Fig. 6). eTduccessive cleavage of a
silyl substituent as C#$iMes or -SiMe; gives rise to various identified chemical
components (Fig. 9.7 and Fig.9.8).
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Figure9:The total ion chromatogram of a derivatized sample of liquorice root ¢
on GC-MS. The separation was effected on a GL Sciences InertCap 5MS/Sil
0.25 um quartz capillary column under the conditions described in Section 2.2.:

FigurelQ: The proposed fragmeniah scheme of the sugar moiety of glycyrrhizin.
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Figurell: An anticipated fragmentation pattern of glabridin in a relieme reaction
fashion modified by trimethyl silylgroups.
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Figure 122 Some of the chemical constituents of liquorice root extract identified in

this work.
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Figure13: More constituents of liquorice root extract idéad by GGMS.
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3.2  Photostability studies of the liquorice root extract

The prolonged exposure ofa methanolic solution of liquorice root extract to simulated
solar radiation showed a notable degree of photodegradation (Fig. 9). This
photodegradationsiobserved mainly in the UVB region as the drop in absorption in
the UVAL (340400 nm) region remains fairly stable. The HPLC chromatograms of
the same samples show rearrangement of the two major constituents of the liquorice
root extract initially presén(Fig. 10). The photabsorptive capacity observed with
this extract can be attributed in part to thaone p-bond conjugation in glycyrrhizin

and thei diene, p-bond conjugation in glabridin. The Woodwdfaser predictive
calculation for the glycyrizin chromophore gives a wavelength of absorptd@b9

nm. Imposing similar selection rules on theiene system of the glabridin molecule
givesa wavelength319 nm (Fig. 11). However, it should be noted that these rules
only give benchmark values. Tlaetual absorbance may differ by abou® Bm or
higher. These absorptionexplain why the liquorice root extract shows good
absorption in the UVB and fair absorption in the UVA (Fig. 9).
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Figure 14: The photodegradation of the liquorice root extract digsblv
methanol exposed to simulated solar radiation, in a 1 mm pathlength
cuvette. Each exposure circle involved use of fresh sample extrac
spectra were recorded on a Perkin EImer Lambda 35vig\deal beai
spectrophotometer.

24



16000 - 16000 - 515000
14000 § 280 nm 14000 ] 8 ]
] b 14000
1] 12000 ® 12000 320 nm %WZOOD 1 358 nm
512238 . @10000 . £ 10000 ]
a 3 .. 8 8000 £
S ] ; 3000 ]
G 6000 glycyrrhizi S 6000 ] S 6000 ]
S 4000 ] n | £ 4000 J 4000
E 2000 ] \ \ E 1 ‘ E
s ] | | S 2000 ] | 2000 ] 'l
Py 0 Jrmmm—t L 7‘J",V~~~Ak~ul‘wld"x._{~u‘ '~7‘J'|L_- » 0 e A i ) N - 0 e ) ‘
T T T T T T 1 T T T — Vliy‘#d' - |-_ T 1 j E— — —
16000 — 16000 — 16000 — I | I
14000 ] 14000 14000 ]
©12000 ] i idi i
® ] 12000 ] glabridin ©12000 ]
710000 4 710000 ] 710000 ]
S 8000 ] e 1 g ]
g ’ g 8000 ] S 8000 ]
o 6000 ] \ 3 6000 ] & 6000 ]
£ 4000 . \ £ 4000 ] £ 4000 ]
2000 ] l £ 2000 ] g
o ] Lo o . | 2000 ]
[32] 0 f——rr— e M e @ 0 J— _ \ U 8 o o A \ \ s
I ' I I I I I ! T — — T — 1 = |7 — T gﬂ — 1
16000 5 16000 _— 16000 —
14000 . 14000 J 14000
12000 12000 ] 12000 ]
10000 ] 5 1 5 ]
a 310000 N =>10000 -
S 8000 S 8000 ] & 8000 ]
X 6000 < ] &
= 1 X 6000 X 6000 ]
= 4000 \ o ] c
£ . | = 4000 = 4000 ]
E 2000 L € 2000 ] i € 2000 ]
0 e a_ nJdMNAL  — O 0 \ o @ 0 Jon L \ o
: . | i . . ! SRR SN e = T e e
¥ T ¥ T T T T 1 T T T T T T T 1
10 20 30 40 10 20 30 40 10 20 30 40
Retention time/min Retention time/min Retention time/min

Figure 15. Photeinduced chemical changes in liquorice root extract secondary metabolites exposed to simulated solal
monitored on a HPLC at 280, 320, and 358 nm. The separation was effected on a ZorbaXB&iis48 column (150 mnx
4.6 mm, i.d., 5 um). The mobile phase was a gradient elution of acetewitide with a flow rate of 1.00 mL nifnand th
i njection volume was 20 ¢L.
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Figurel6: Predicted wavelengths of maximum absorption for glycyrrhizin and glabridin
based on the Woodwaitieser selectionrules.

The chromatogram of the unexposed sample at 358 nm showsa very small peak for the
prominent peak observed &8@nm (Fig. 10). This indicates that, this species does not
absorb sufficiently at a longer UV wavelength (358 nm), consistent with the predicted
value from Woodwardrieser values calculated above (Fig. 11). The photochemical
reactions are observed af8% minutes of exposure for which a number of peaks appear
and others disappear. These can be explained in terms of-iptoted,repeated
Norrish type | processes yielding a range of substituted flavonols and other associated
photochemical rearrangemeptoducts. These chemical species show the relative
absorbance in the long wavelength region as indicated by the new peak observed at 358
nm (Fig. 10).

9.3.3 Effect of liquorice root extract on the photostability of BP3

The photochemical response of a haetol solution of BP3 irradiated with solar
simulated radiation was firstly investigated. The UV spectra of BP3 showed
photostability (Fig. 12). The HPLC analysis of these same solutions also showed only
one peak at 286 nm indicating that BP3 did nottptiegrade in the present conditions
(Fig. 13). This could be attributed to hydrogen bonding between the carbonyl and
ortho-hydroxyl group that interferes iwt h t M eexcitatipn of the carbonyl

chromophore. It is known thabrtho-hydroxybenzophenone does not undergo
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photoreductio(Placzek et al. 2038nd stabilises the chromophore, namely, the

carbonyl group.
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Figure 12: The spectral stability of BP3 in metbhirradiated by
solar simulated source. The spectra were acquiredRamlkan Elme
Lambda 35 UWis spectrophotometer in a 1 mm pathlength g
cuvette with air as the reference.
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Figure 13: The photostability of BP3 monitored by HPLC at 286 ni
reversed phase Zorbax Eclipg®B C-18 column (150 mm x 4.6 mi
column was used with mobile of methamater (84:16 % v/v). Tt
injection volume was 20 pL and the flow rate set at 1 mL’min
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The irradiation of amethanolic solution of BP3 and liquorice rootaektshowed a

small photodegradation followed blue a blue shift in the spectra of BP3 (Fig. 9.14). The
HPLC chromatograms of the liquorice rad®®3 mixture gave rather interesting results.

The retention time of the BP3 peak varied on the chromatogramsnaremental
exposure time gave varying retentions for various prominent peaks at various
wavelengths of analysis (Fig. 15). We speculate that because the UV spectra remained
essentially the same, then the carbonyl chromophore is not affected by thenseaict

the attack is on the phenyl rings. These reactions could be responsible for the variation
of the BP3 peaks and these reactions do not necessarily require light. This observation
may in part agree with work b$challreuter et al. (1996Wwho proposed possible

photoreactions of BP3 culminating in the photadation of BP3 to semiquinoneBut

the HPLC analysis from the current work, however, suggests a possible dark reaction
that may not necessarily lead to semiquinone formation. It can be further speculated
that inclusion of BP3 in the solution containing liquorice root extract inteslproton

type photochemical reactions. We envisage ground state reactions of BP3 that could
involve G-C coupling of a radical pair generated byabistraction on the BP3 phenyl

ring with thefructopyranose moiety (Fig. 16).

It is known that BP3 is a deative of benzophenone and absorbs UV radiation up to
360 nm. The intersystem crossing quantum yield of benzophenones is about 1, and the
ener gy ‘oldwest ttiptet excited State (TET) is about 290 kJ H©@bwley 1997

Murai et al. 1978Cai et al. 200p These compounds are known photosensitizers with

singlet oxygen 02) production quantum yields of about 0.3. We associate the peaks
observed at 358 nm on prolonged exposure (at 90 min) with reactions of the triplet
excited state, of BP3, with photosentiskguorice root extract components. The
chemical species formed therefore alter the retention time of BP3 without affecting the
chromophore (C=0). The other observed peaks arise from various reaction
pathways.Upon light absorption, the triptaplet erergy transfer (TTET) initiated
reactions together with both type | (hydrogen atom or electron transfer) and type Il
(singlet oxygen) processes take effect. These reactions are sustained by thermal
population of the upper vibrational states of the exciteulet state of BP3. Both

glycyrrhizin and glabridin may be photosensitized by the triplet excited state of BP3 and
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therefore undergo a PatterBaichi [s:2+p2] photocycloaddition giving rise to oxetanes
(Fig. 17 and Fig. 18). These reactions are known to compete with TTET and are
f av our e*ttipledtsavhen tne excited state of the alkene is comparable to or higher

than that of the carbonyl compound.
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Figure 17. The photostability of B® incorporated in liquorice rc
extract dissolved in methanol when exposed to simulated solar rac
in a 1 mm pathlength quartz cuvette. Each exposure event involv
of fresh sample solution. The spectra were recorded on a PerKil
Lambda 33JV-vis dual beam spectrophotometer.
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Figure 18: HPLC chromatograms of the photochemical changes when BP3 is incorporated in the liquorice ro
dissolved in methanol and irradiated by simulated galdiation. The chromatograms were monitored at 280, 32!
358 nm. The separation was effected on a Zorbax Eelipde C-18 (150 mm x 4.6 mm, i.d., 5 pm) column.
mobile phase was a gradient elution of acetonitvidger with flow rate of 1.00 mimin™! and the injection volume as 2
eL. The BP3 could not be identified because the
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Figurel19: Proposed reaction of the excited state BP3 with the fructopyranose moiety of
glycyrrhizin.
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Figure 20: The PatternéBlichi mechanism proposed for the photodegradation of BP3
and BMDBM in the liquorice root extract.

31



3np” intramolecular
rearrangement

igure 21. Proposed photonduced reactions of BP3 with glabridin exposed to solar

simulated radiation.

9.3.4 Effect of liquorice root extract on the photostability of BMDBM

The photostability of a methanol solution of BMDBM was first investigated by
irradiation of the solution with a simulated solar source. The characteristic
photodegradtion of BMDBM was demonstrated by the spectral lability observed in the
UV spectra (Fig. 19). A drop of 0.4 absorbance units was recorded in this work for a
four-hour period of continuous exposure. The HPLC analysis did not show a sufficient
decrease ithe peak area of thenotBMDBM at 358 nm (Fig. 20). Several working
groups have demonstrated the photostabilitermétBMDBM in polar proticsolvents

(Mturi and Martincigh 2008 The UV spectra show an increase in the absorbance at

260 nm but the HPLC chromatograms monitored atrz6@id not show an appreciable
change. This could be attributed to the difference in the sensitivity of the instruments
and the fact thatketcBMDBM formation is not favoured by a highly polar

proticmedium.The UV spectra 8MDBM in a mixture with liquoice root extract show
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a drop in absorption capacity with increase in irradiation time (Fig.21). A comparison
of the spectral changes under the same conditions with th&bEMalone (Fig. 19),
shows that the absorbance drop is smaller. A notable etfferis the reduction in
theketoform of BMDBMobserved at 260 nm against the decay of éhetform of
BMDBM. The assumption here is that in this mixture BIMDBM ketoenotautomerism

may only occur to a limited extent but rather decompositionto othenichkspecies
takes place.This indicates that, liquorice root extract diminisheketiodormation but

fails to completely protect agaiestorBMDBM degradation. It can be concluded that
liquorice root extract mayonly partiallyphotostabikaDBM. BMDBM is known to
photodegrade in UV light in a nonpolar solvent and to break into two radicals: the

phenacyl and benzoyl radicgBchwack and Rudolph 1995The HPLC chromatogram
shows chemical species absorbing in the UVA region, characteristicthvtiphote
rearrangement and radical disproportionation reaction of BMDBM (Fig. 22,
Supplementary Materials Table S3). Here also we envisage the participation of
BMDBM in PatternéBuchi type reactions but preserving teeolchromophore (Fig.

17).

, ——0hr
00,8 I Keto formation Id
Q Enoldecay g5y,
20,6
= 1hr
o =\
é 0,4 72\ ——15hr
0,2 - B ——2hr
0 . . . —: —|7 25 hr
210 260 310 360 410 460 3hr

Wavelength/nm
Figure 19: The spectral changes of BMDBM dissolved in methanc
irradiated by a solar simulated light source. The spectra wer@edtquitr
a Perkin Elmer Lambda 35 UVis spectrophotometer in a 1 mm pathlel
guartz cuvette with air as the reference.
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Figure 20: The photochemical changes of BMDBM monitored ata?2@0358 nr
on a reverseghase Zorbax Eclips€DB C-18 (150 mm x 4.6 mm) column w
methanolwater (84:16 % v/v) mobile phase. The injection volume was 10 p
the flow rate set at 1 mL niin
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Figure 21: The photodegradation of BMDBM in liquorice root extract expos
UV radiation in methanolin a 1 mm pathlength quartz cuvette. Each expi
event involved the use of a fresh sample mixture. The spectra were recorc
PerkinElmer Lambda 35 spectrophotometer.
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Figure 22: The photinduced chenmal transformations of a mixture of BMDBM and liquorice root extract in methanol. The

chromatograms were detected at 280, 320, and 358 nm. The separation was effected on a ZorbAOBdlpEe column (150 mm
4.6 mm, i.d., 5 um). The mobile pb@was a gradient elution of acetonitsitater with a flow rate of 1.00 mL mifnand the injectio
vol ume was 20 ¢L.
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3.5 Effect of liquorice root extract on the photostability of EHMC

The irradiation of a methanolic solution of EHMC with solar simulated radiation for an
incremental period of time shows a spectral labilfjg( 23). The HPLC analysis
indicates formation otissEHMC which absorbs shorter wavelengths (Fig. 24). This
could explain the spectral lability observed during the pismmerisation oftrans
EHMC to cisEHMC.Pattanaargson et al. (2004hd Broadbent et al. (1996)ave

previously reported thephotoisomerisation of EHMC emdUV irradiation.
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Figure 23: Photoinstability of EHMC dissolved in methanol under
simulated irradiation. The spectngere acquired witla Perkin ElImer Lamb
35 UV-VIS spectrophotometer in a 1 mm pathlength quartz cuvette with
the reference.
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Figure 24: Isomerisation of EHMC under simulated solar irradi
monitored by HPLC at 260 and 310 nm on a reversed padax Eclipse
XDB C-18 column (150 mm x 4.6 mm) with a methangater (84:16 % VA
mobile phase. The injection volume was 20 pL and the flow rate set a
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The photeresponse of the mixture &HMCwith liquorice root extract was eratic with a
sudden increase in the phabsorption and then a fall (Fig. 25). This is unlike the
cinnamate spectral decay observed wBEMCis dissolved in me#mol (Fig. 23). The
HPLC analysis of these solutions showed the formation of strongly absorbing chemical
species on continued exposure above 30 min (Fig. 26). This could be attributed to [2+2]

cycloaddition and PatterABuchicarbonylalkene reactions fro the ip  (Fig. 27).
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Figure 25: The photoinstability of EHMC in liquoe root extract dissolved
methanol when exposed to simulated solar radiation, in a 1 mm pathlengtt
cuvette. Each exposure event involved use of a fresh sample solutiol

spectra were recorded on a Perkin Elmer Lambda 35 dual
spectrophtometer.
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Figure 26: HPLC chromatograms of the photduced chemical reaction of EHMC with liquorice root extracts dissolved in met
irradiated by solar simulated radiation. The chromatograms were monitored at 280, 320, and 358 sepaifation was effected ¢
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Figure 27: Proposed mechanism for the ethylhexylmethoxy cinnamate reaction of
EHMC with glabridin.

The proposed mechanism is informed by the fact that the UV spectra of the mixture
retain thesame shape as the UV spectr&dMC,and therefore the cinnamate moiety is
assumed to be retained. The observed initial drop in the absorption of UV light can be
attributed to competitives2+p2] cycloaddition and Patterrdiichi[z2+p2] cycloaddition
involving glabridinwhich forms anoxetane. We propose that the PaiBiraldireaction
dominates thepR+p2] cycloaddition upon UV light exposure, which would require a
homolytic ring opening of the cyclobutane ring to retain the easily cleavable ester bond
(Fig. 27). On prolonged UV exposure the oxetane assursescanformation, which

absorbs at a longerwavelength for the cinnamic moiety but with a very low
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absorptioncoefficientef). The oxetane becomes more strained leading to oxidative
heterocyclic ring pening with cleavage of the ester bond. The overall result is the
retained cinnamic acid moiety with high&rand a bathochromic shift attributed to the
proximity of the cyclic pyran ring of the glabridin moiety. This explains the observed
stability of this mixture covering the entire UV spectrum and without further photo
degeneration (Fig. 25) and the source of the peaks observed at 358 nm (Fig. 26). We
conclude that a mixture containing liquorice root extract BAMCIs likely to produce

a broad speémum sunscreen product owing to the photochemical reactions between
EHMC and the liquorice root extract constituents.

3.6  Effect of liquorice root extract on the photostability of a mixture of EHMC,

BP3 and BMDBM

The three sunscreen absorbersinvestigadee frequently mixed together in a
formulation in order to obtain a broapectrum photoprotective product. A mixture of
the three sunscreen agents was prepared by dissolving the three UV absorbers in
methanol and subjected to photostability studies. Thkution showed
photodegradation (Fig. 28), with absorption maxima in the UVB region. The HPLC
analysis of this mixture showed the relative photostability of BP3 and BMDBM and
photoisomerisation of EHMC (Fig. 29). This mixture, therefore cannot guarante
broadspectrum photoprotection. Efforts were thus made to investigate the effect of
liquorice root extract on a mixture &HMC, BP3andBMDBM. Most working groups
have reported the inherentphotoinstability oBDBM and EHMC mixture in which
EHMC is reportedto undergo photoisomerisationphotosentised by BMDBM

occasioning phottoss (Dondi et al. 2006Pattanaargson et al. 2004These two are

may also ndergo a [2+2] cycloaddition reaction that breaks down rapidly to give other
less absorbing photoproducts. In this work the UV spectra of the three sunscreens
combined with liquorice root extract showed a drop after 30 minutes and then stabilized
(Fig. 30. The spectral decay of this mixture in methanol is accompanied by a blue shift
(Fig. 28) a phenomenon that is reversed in this mixture containing liquorice extract. An
inspection of the corresponding HPLC chromatogram showeBHMC and BMDBM

peaks oly. However, theBP3 peak was again not seen on the HPLC chromatogram.
This could be due to reactions explained in Section 3.3. A stud8ayye et al.
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(2005»uggested that the phettmss of EHMC may beenhanced by the free radicals
formed in the photodegradation of BMDBM present in the mixture.The overall
observed effect of these reactions is the emergemceomajor absorbing species (Fig.
31). The HPLC chromatographic data reveal several other chemical species
(Supplementary Materials Table S6,). This mixture achieves an improved absorption
efficacy but does not stop the phategradation oBMDBM and plotoisomerisation of

EHMC as chemical entities but reaction occurs to produce long wavelength absorbing

species.
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Figure 28: The spectral transformations of a mixture of the organi
absorbers: EHMC, BP3 and BMDBM, under solar simulated irradiation,
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Figure 29: The photochemical transformations of a mixture of BMDBM, BP3, and EHMC dissolved in n
monitored by HPLC @260, 286, 310, and 358 nm. The separation was effected on a Zorbax -XK&ips€-18
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Figure 31: Photochemical changes when liquorice root extract is incapanan a mixture of EHMC, BP3 and BMDBM in metha
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9.4  Conclusions

The aim of this work was to investigate the effect of liquorice root extract on
thephotostability of some commgnused sunscreen absorbers. The liquorice root
extract alone showed appreciable phabsorption. However, irradiation of the extract
with simulated solar radiation for increasing exposure periods showed a drop-in UV
light absorption. We conclude thdtet photeabsorbing species in the liquorice root
extract degrade upon exposure to UV light. The inclusion of commosahddrbing
agents into the liquorice root extract dissolved in methanol, showed different photo
degenerative responses depending on gleata For example, amixture containing BP3

in the liquorice root extract showed no appreciable change or drop in UV absorption.
But a significant chemical transformation was observed from the HPLC data. No peak
forBP3 could be detected on the chromadogrthe observed variation in the retention
time indicates both dark and lightomoted reactions between the secondary
metabolites of the liquorice root extract and BP3. We propose that the reactions
between these metabolites and BP3 do not affect tio®rmmgd chromophore but rather

add onto the phenyl rings. This causes the slight bathochromic shift observed
suggesting that the added groups are eleatoyating groups. These effects
predominate even when all the three absorbing molecules are mixtielog The
HPLC chromatograms of the mixture of the three sunscreen absorbers with liquorice
root extract resemble those of BP3 alonewith the liquorice root extract. The UV
spectraresemble those of BP3. These results indicate the stability afrtkive
hydroxybenzophenonemoiety but do not rule ot @nd GO linkages on the phenyl

rings.

EHMC showed an unusual photodegradation response with aimdr@ase and drop
fashion. This is attributed to a photochemical reaction involving Batierne
Bichiand [2+2] cycloaddition reactions followed by a rearrangement. The resultant
species is stable or has a longer-tifee. There is need to investigate, isolate and
characterize this species due to its photostability and may provide a lead to a stable
syrthetic UV absorber.
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The addition of liquorice root extract to a solution of BMDBM in methanol did not
show significant change on its photostability. A steady drop in UV absorption was
observed at 358 nm the wavelength of maximum absorption foenbéform of
BMDBM. This indicates photinduced degradation of this UV absorber. There was a
slight increase in absorbance at about 260 nm on the UV spectra indicating a possible
iIsomerization to thé&etoform but to a very limited degree. Thetoform of BMDBM

has maximum wavelength of absorption at 254 nm. A close inspection of the HPLC
data shows that exposure to UV radiation of this mixture leads to photochemical
reactions similar to those observed and proposed for EHMC. This could be true given
that BMDBM can split down to a phenacyl radical and a benzoyl radical upon UV
irradiation. The phenacyl radical may rearrange to produce the cinnamic acid moiety

which is likely to react in similar fashion asEHMC.

The overall analysis of liquorice root extrastthat it may not be a very good stabilizer
for all the chemical absorbers investigated, but it reacts with the agents to yield products
with varying absorption characteristics. We conclude that these photoreactions with the
absorbers produce Udctive sgcies which may photostabilize the absorption efficacy
of the formulation and not the individual sunscreen agent. It is expected that the
phenolic compounds in the liquorice root extract may also contribute to absorption and

scavenging ofradical species.
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Table S91: The photochemical changes of the sunscreen(s) dissolved in methanol after
irradiation with simulated sotarradiation monitored on HPL.@®DA at 260, 286, 310,
358 nm.

Mixture of BMDBM, BP3 and EHMC

Peak Area

Wavelength/nm UV -filter RT 0 min 30 min 90 min
260 ketoBMDBM 3.072 474053 388025 402645
BP3 3.08267 1149065 1127671 1136999

286 CisEHMC 10.19733 0 261526 443856
transEHMC 11.53067 683313 303745 148920

BP3 3.05067 1076471 879510 915656

310 CisEHMC 10.19733 0 272403 461590
transEHMC 11.488 1212199 538875 272829

358 enotBMDBM 11.21067 146473 139439 154766

BMDBM
260 ketocBMDBM 2.368 5769 99334 95094
358 enotBMDBM 11.232 110714 96556 92185
BP3
286 BP3 3.06133 927540 738944 806767
EHMC

260 CisEHMC 10.16533 0 139036 133916

transEHMC 11.43467 156696 83566 81385

CisEHMC 10.16533 0 362702 342873

310 nm

transEHMC 11.44533 1818585 1026119 965827
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Table SR: The chemical transformations of liquorice root extract dissolved in methanol on UV irradiation monitored oi? BIRIAC
275, 280, 286, 310 and 358 nm.

275 nm 280 nm

RT PA-Omin RT PA-30min RT PA-90min RT PA-Omin RT PA-30min RT PA-90min
1.309 78395 14 172727 1.394 161441 14 197880 1.4 164602 1.394 153166

14 125300 | 1.562 15298 1.555 15375 1.562 15560 1.562 15089 1.555 14317
1.562 16397 1.854 72975 1.845 71214 1.854 | 107730 | 1.854 88445 1.845 85167
1.854 88278 2.022 18149 2.011 19968 2.22 31271 2.216 37495 2.206 33554
2.027 21072 2.216 26449 2.205 36121 2.517 6452 2.757 20510 2.719 21933
2.221 39948 2.748 9341 2.724 22961 2.781 24284 3.25 14370 3.228 14328
2.784 25109 3.259 3330 3.248 16351 3.276 19671 3.496 5238 3.517 4502
3.282 23805 3.555 2439 3.533 5203 3.523 12519 4,154 1049 5.664 1227
3.567 14525 4.132 2395 4.092 1133 4.148 7474 5.95 6528 5.921 6458
4.021 4028 5.947 7197 5.643 1081 5.998 6965 6.798 13275 6.759 10975
4.144 3238 6.809 14776 5.917 6597 6.906 12869 7.418 12235 7.355 9499
6.001 6048 7.418 12488 6.737 14641 7.528 12518 7.953 6444 7.91 4403
6.898 14706 7.944 5997 7.352 11345 8.069 6043 11.912 1382 11.28 2137
7.536 13172 | 10.882 1058 7.901 4869 11.311 1672 12.583 4305 11.663 2106
8.088 5917 11.252 1807 10.832 1265 11.975 1877 12.787 1013 11.872 3793
11.326 1816 11.908 1927 11.233 1627 12.606 5577 13.045 4156 12.085 2076
11.731 1026 12.134 1207 12.577 4872 12.822 1807 13.76 1865 12.256 1214
11.934 2247 12.597 6939 12.769 1457 13.075 6156 13.905 2479 12.55 9860
12.625 6858 12.787 1817 13.025 6175 13.29 3862 14.154 5489 12.769 4199
12.818 1950 13.047 7418 13.221 2001 13.771 5782 16.83 9816 13.021 10183
13.074 7962 13.252 2553 13.76 6396 14.179 5678 17.191 6551 13.222 6476
13.29 4126 13.472 2591 13.869 2915 16.841 | 10004 | 24.191 3523 13.451 3681
13.837 6761 13.792 4757 14.133 6350 17.202 6637 24.405 1670 13.792 11063
14.179 7461 13.904 3411 16.805 11655 24.205 1850 24.661 2589 13.873 6130
16.833 | 12529 | 14.153 6518 17.161 5130 24.83 1939 24.836 2841 14.136 13546
17.202 5331 15.207 4589 24.17 1172 24.987 1565 24.987 2501 14.4 4997
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23.819 1293 15.509 5854 24.821 1666 25.162 3014 25.158 4024 14.635 5925
24.195 3412 16.824 12017 24.966 1669 25.395 7132 25.389 8081 14.805 610
24.448 2798 17.19 5209 25.109 1729 25.632 | 12822 | 25.626 14176 14.955 1342
24.683 2476 23.84 1075 25.373 8901 26.165 2388 26.161 2455 15.198 8253
24.839 3608 24.189 4524 25.613 15070 26.918 2545 26.907 2741 15.371 3716
24.992 2643 24.405 3611 26.141 1796 27.076 6111 27.067 6258 15.573 9162
25.153 3659 24.661 3171 26.887 2405 28.221 7975 28.209 8291 16.813 9160
25.401 | 10775 | 24.836 4015 27.054 6315 29.013 | 10996 29 11372 17.167 6391
25.634 | 16855 | 25.003 3933 27.544 1451 29.602 1315 29.575 1581 24.161 1822
26.162 3465 25.157 3808 28.198 9866 35.378 2199 30.503 1421 24.815 1377
26.916 2139 25.385 12948 28.99 11003 35.897 2802 30.916 1150 24.967 2037
27.077 5866 25.627 20643 29.581 1168 38.855 6493 35.365 2998 25.142 2773
27.567 1445 26.154 6365 30.471 1302 45.407 | 73254 | 35.884 2535 25.375 7305
28.222 8928 26.389 2930 30.845 1292 38.845 6575 25.611 12880
29.016 | 10101 | 26.707 3395 35.334 2613 45.425 76008 26.139 2533
30.511 1397 26.91 4040 35.877 2168 26.894 2939
30.906 1239 27.068 8430 38.825 7190 27.057 6602
35.264 1520 27.556 3550 45.519 70622 27.538 1414
35.385 1098 28.21 9439 28.198 8584
35.896 2256 29.003 11027 28.991 11378
38.852 6680 29.576 1145 29.581 1304
45.368 | 64862 | 30.50 1551 30.476 1148
30.885 1639 30.925 1287
35.364 3573 35.354 2604
35.889 2018 35.877 2542
38.844 6775 38.839 6253
45.424 68933 45.503 80618
286 nm 310 nm
RT PA-Omin RT PA-30min RT PA-90min RT PA-Omin RT PA-30min RT PA-90min
1.4 179253 14 144361 1.394 132810 1.401 | 117829 | 1.401 79864 1.394 71480
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1.562 15204 1.561 13259 1.554 12573 1.562 13061 1.562 7929 1.554 8089
1.854 | 101727 | 1.854 82722 1.845 76137 1.855 84946 1.854 61847 1.846 54745
2.22 21236 2.217 32451 2.206 27452 2.216 6871 2.213 7507 2.196 7721
2.56 4328 2.756 26603 2.716 17942 2.349 8470 2.349 9284 2.336 9731
2.786 6404 3.238 16707 3.217 5148 2.775 8876 2.746 8219 2.725 5312
4.154 1984 3.491 8919 5.643 1188 4.017 1233 4.072 1301 6.768 9748
6.009 4223 3.904 2751 5.928 3553 6.963 9592 6.819 10507 7.369 5435
6.936 9297 3.979 1225 6.778 8895 7.546 6491 7.417 6950 7.881 2298
7.537 9764 4.123 2278 7.356 7821 8.045 2733 7.972 3015 12.525 6607
8.047 4491 5.653 1261 7.928 3827 11.912 1878 11.857 1519 12.772 2124

11.929 1567 5.948 4067 11.864 1093 12.574 6022 12.546 6716 12.949 5481

12.594 | 4556 6.805 10757 12.537 4608 12.812 2142 12.788 2270 13.209 2647

12.814 1576 7.443 9768 12.773 1453 13.001 5722 12.973 5673 14.13 1932

13.066 4943 7.95 4520 13.02 4363 13.272 2977 13.233 3111 17.171 2284

13.291 2787 11.877 1403 13.209 1287 13.44 1600 14.152 2018 25.58 1703

13.792 2862 12.563 4593 13.884 3447 14.177 1915 14.396 1152 27.047 1207

14.178 3988 12.789 1475 14.131 3965 14.416 2061 17.199 2180 35.363 2979

16.858 6839 13.042 4163 16.827 6369 17.207 2240 25.601 1661 35.87 1616

17.213 6925 13.245 1138 17.169 7483 17.72 1029 35.365 3765 38.841 2344

23.861 2764 13.91 2463 24.159 4599 25.136 1011 35.88 1792 45.5 49753

24.203 3118 14.152 4127 24.658 3673 25.609 1752 38.856 2016

24.683 3997 16.846 6847 24.808 2131 27.081 1242 45.456 | 50759

24.822 2856 17.194 7124 24.974 2451 35.384 2736

24.981 2489 24.174 1206 25.15 4571 35.896 1990

25.175 5014 24.681 1339 25.369 7150 38.864 1909

25.393 7027 24.824 1852 25.608 9505 45.388 | 46468

25.631 | 10179 | 24.997 1691 26.14 1653

26.166 2742 25.162 3970 26.896 2610

26.923 2405 25.383 6244 27.056 6096

27.077 6350 25.622 9680 28.202 6356
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27.557 1226 26.158 2270 28.987 8318
28.219 5967 26.914 2449 29.602 2451
29.014 7711 27.066 5979 29.978 1109
29.624 1345 27.557 1073 35.347 2726
35.38 2422 28.214 5937 35.868 2615
35.896 2991 29 7985 38.842 6211
38.846 5699 29.583 1419 45.5 86146
45.403 | 78502 | 35.368 3412

35.883 2870

38.845 5464

45.464 | 83324
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Table S@: The chemical transformations of liquorice root extract mixed with BMDBM dissolved in methanol on irradiation with
simulated solar irradiation monitored by HRIRDA.

275 nm 280 nm
RT PA-Omin RT | PA-30min| RT |PA90min| RT PA-Omin RT | PA-30min| RT | PA-90min
1.4 126755 | 1.408 | 119601 | 1.394 | 113945 1.4 122530 | 1.408 | 114605 | 1.394 | 109236

1.557 9811 1.565 9235 1.552 9863 1.557 9176 1.565 8650 1.552 9333

1.85 89030 | 1.858 65665 1.844 61528 1.85 84368 | 1.858 76589 1.844 72687
2.207 | 30723 | 2.027 17112 2.007 14993 2.203 | 29505 | 2.214 28474 | 2.202 22385
2.718 | 35299 | 2.215 34105 | 2.198 23068 2.731| 13701 2.74 13763 2.696 6839
3.234 | 20722 | 2.731 27942 2.697 8490 3.225 4724 3.234 6005 3.225 1138
3.504 | 14930 | 3.241 20932 3.227 2086 5.849 3726 4.133 1643 3.553 1039
3.861 3225 3.558 14287 3.53 2058 6.59 4687 5.894 3285 5.869 3338
4.048 3878 3.947 3432 4.047 2006 6.688 3168 6.703 6355 6.661 7522
5.855 3712 4.097 2936 5.87 4163 7.224 7392 7.268 6666 7.215 7397
6.599 9010 5.9 4560 6.658 10175 7.765 3623 7.833 2836 7.75 3594
7.223 8096 6.668 9745 7.258 8271 12.528| 2705 12.558| 2752 12.525| 2702
7.738 3618 7.311 8742 7.78 3739 12.989| 3210 13.015| 3101 12.987| 3061
12.539| 3191 7.844 3773 12.545| 3251 13.214| 1650 14.113| 2754 14.082| 2765
12.995| 4141 11.816 1029 12.993| 4105 14.088| 2687 14.457| 3412 14.428| 5047
13.248| 1798 12.561| 2205 13.195| 1079 16.788| 2382 16.81 2431 16.777| 2195
14.089| 3479 13.016| 3221 14.081| 2985 17.443| 1022 18.379| 14586 | 18.323| 14745
16.786| 4171 14.114, 2970 14.438| 491 18.325| 14638 | 21.899| 17976 |21.856| 15228
17.64 1315 14.46 3150 16.779| 4085 21.824| 16457 | 22.108| 17745 | 22.045| 19557
18.334| 15988 | 16.809| 4415 17.64 1127 22.06 | 19058 | 22.765| 4373 22.72 4377
21.835| 19066 | 17.679 1189 18.326| 16192 | 22.726| 4199 |24.176| 1733 24.12 1520
22.061| 18172 |18.374| 15318 | 21.856| 17094 |24.133| 1453 |24.648| 1124 24.608| 1094
22.724| 5368 |21.899] 19092 | 22.052| 20446 |24.645| 1101 |25.366| 1539 25.28 1913
24.14 2006 | 22.113| 18819 22.72 5131 25.341| 1096 | 25.552| 8189 25.517| 7534
25.323| 1921 | 22.756| 5726 24.13 1689 25.52 5339 26.88 1145 25982 1119
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25.512| 7826 24.17 3613 25.323 1913 25.685| 2057 | 27.051| 7959 26.837| 1034
25.999| 1254 | 24.373| 2048 25.517| 7283 26.848| 1182 | 27.473| 2877 27.015| 7800
27.023| 7353 | 24.655 1808 25.98 1573 27.023| 7950 |27.858| 5661 27.432| 2991
27.441| 9214 | 24.813 1032 26.827 1003 27.44 | 10515 | 28.194| 2314 27.816| 5027
28.154| 2444 | 25.376 1464 27.019| 7511 28.158| 2297 | 28.968| 41965 | 28.145| 2320
28.932| 41921 | 25.549| 7968 27.44 3184 28.932| 42564 33.6 1522 28.922| 42210
33.578| 1423 | 26.036 1718 27.816| 4592 33.557| 1424 | 33.896| 2263 33.557| 1709
33.873] 2593 26.88 1112 28.144| 2749 33.865| 2631 |35.007] 11086 | 33.856| 2379
34.975| 11024 | 27.054| 7481 28.923| 42344 | 34.975| 13596 | 35.341| 8216264 | 34.958| 10618
35.312| 7386906 | 27.479| 3227 33.557 1443 35.312| 9133380 36.392| 3656 35.295| 8038959
36.128| 1744 | 27.856| 5059 33.854| 1974 36.356| 4133 | 36.628| 6055 36.349| 3716
36.356| 5402 | 28.187| 2838 34.958| 8836 36.587| 1340 | 36.878| 8626 36.588| 5833
36.597| 1731 | 28.968| 42313 | 35.294| 6759428 | 36.847| 16705 | 45.326/ 31940 | 36.841| 8511
36.847| 14111 | 33.579 1330 36.352| 3676 45.304| 28032 45.298| 31081
45.295| 26970 | 33.893 1995 36.589| 5099

35.007| 9458 36.841| 6588

35.339| 6905276 | 45.295| 25516

36.396| 3995

36.626| 5490

36.879| 7039

45,262 20725

286 nm 310 nm

RT PA-Omin RT | PA-30min| RT | PA-90min| RT PA-Omin RT | PA-30min| RT | PA-90min
1.4 112075 | 1.408 | 102256 | 1.394 96685 1.4 74738 | 1.408 65625 1.394 61705
1.556 8708 1.565 8161 1.551 8888 1.557 8315 1.565 8129 1.551 8536
1.85 80083 | 1.859 70106 1.84 68414 1.851| 65391 | 1.859 57246 1.844 | 48532
2.206 | 19056 | 2.218 21028 | 2.201 23449 2.208 6371 2.229 5495 2.208 4902
2.485 4015 2.714 6156 2.717 5581 2.332 8314 2.357 10290 2.338 1909
2.745 7023 4.097 1043 5.864 2564 2.706 7820 2.716 5026 6.64 4398
5.849 1940 5.893 2307 6.633 6905 6.626 4448 6.683 4291 12.484| 3462
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6.626 6289 6.706 5398 7.266 6233 7.236 2827 7.273 2425 12.906| 2535
7.225 5991 7.309 5568 7.79 3443 12.488| 3893 | 11.823| 1163 14.08 1549
7.772 2961 7.826 3081 11.79 1050 12.735| 1461 |12.512| 3401 14.358 1343
12.517| 2761 12.53 2286 12.493] 2626 12.914| 3619 | 12.934| 2243 17.136/ 1190
12.737| 1050 13.01 2175 12.986| 2831 13.183] 1926 | 14.111| 1448 25.548| 2298
12.987| 3224 | 14.113] 2077 13.185| 1068 13.355| 1258 14.38 1107 25.675| 1636
13.208| 1952 | 14.463] 3461 14.08. 2177 14.085| 1368 |17.172| 1155 27.013| 1428
14.088| 2141 | 16.808| 1048 14.432] 5026 14.359| 1443 | 25.574| 3269 27.431| 1590
14.366| 1154 18.36 10058 | 16.778| 1035 17.139| 1193 | 25.717| 1512 27.818| 3687
16.79 1065 | 22.086| 21330 | 18.324| 8705 17.425| 2205 | 27.054| 1833 33.854| 1478
17.432| 1155 22.75 2836 21.824| 10558 | 25.552| 1662 27.47 2010 34.962| 14137
18.329| 9176 | 24.175| 1483 22.041| 9983 25.674| 2573 | 27.854| 4221 35.298| 10355312
21.856] 11328 | 24.655| 1081 22.694| 2800 27.023| 1662 | 28.825| 1148 36.117| 2738
22.052| 9921 |24.798| 1111 24.143 1333 27.439| 10742 | 33.905| 1581 36.288| 1778
22.722) 3306 25.28 1906 24.62 1095 28.786| 1006 35.01 14250 | 36.588| 8264
24.125| 1396 | 25.561| 7717 25.205| 1705 33.873| 2660 | 35.343| 10614079| 36.841| 14248
24.619| 1123 27.05 7783 25.529| 5188 34977 19318 | 36.626| 6644 45.296| 17649
25.227) 1107 27.47 2826 25.675| 1162 35.311| 13160482 36.879| 13996

25.533| 4440 | 27.854| 6030 27.012| 7710 36.306| 1330 |45.299| 17587

25.664| 2215 | 28.201] 1552 27.445) 2784 36.576| 1197

27.023| 7838 |28.966| 27477 |27.815] 5305 36.848| 25586

27.44 | 11898 | 29.702| 1557 28.127| 1462 45.3 17600

28.148| 1519 | 33.568| 1759 28.922| 27003

28.928| 26690 | 33.894| 1804 29.637| 1387

29.636| 1301 |35.007| 13087 | 33.525| 1557

33.573| 1521 | 35.342| 9565410 | 33.853| 1623

33.874| 2466 |36.381] 2268 3496 12685

34.976| 16316 | 36.627| 6663 35.296| 9349185

35.312] 10934005| 36.878] 10448 | 36.117, 2566

36.345] 2962 |45.329] 33436 | 36.342| 3963
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36.597| 1614 36.589| 7647
36.848| 20108 36.841| 11232
45.317| 31685 45.298| 35132
358 nm
RT PA-Omin RT | PA-30min| RT | PA-90min
1.4 39570 | 1.409 33411 1.395 32197
1.557 7811 1.565 7370 1.552 8203
1.851| 22731 | 1.859 21170 1.844 | 21167
1.968 2217 1.983 2114 1.962 1889
6.633 3633 6.703 4428 6.68 4639
12.484| 5464 | 12.508| 5245 12.481| 5775
12.734| 3458 | 12.759| 3445 12.731| 3634
12.904| 3294 | 12.926/ 3330 12.899| 3531
13.167| 2010 | 13.192| 2097 13.167| 2018
14.369| 1311 | 17.165| 3312 17.134| 3339
17.141| 3307 | 35.039| 4133 34.99 2363
28.755| 1006 | 35.318| 44567 | 35.273| 43048
35.001] 3397
35.311| 34877
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Table SH: The chemical transformations of liquorice root extract mixed with BP3 dissolved in methanol on irradiation with simulated
solar irradiation monitored by HPL-EDA.
275 nm 280 nm

RT | PA-Omin| RT PA-30min RT PA-90min RT PA-Omin| RT PA-30min| RT | PA-90min
1.402 | 125182 | 1.395 120802 1.398 115884 1.402 | 121025 | 1.395| 115669 | 1.398 | 110460
1.562 8783 1.553 9522 1.555 9587 1.562 8251 1.553 8844 1.555 8905
1.855| 83159 | 1.846 78538 1.849 65079 1.855 | 82144 | 1.846 79598 1.849 74888
2211 | 30904 | 2.203 24289 2.011 18245 2.211 | 32844 | 2.204 33705 2.206 20137
2.726 | 23112 | 2.714 7483 2.205 38274 2.744 | 24365 | 2.709 22169 2.716 8790
3.257 | 13213 | 3.242 1851 2.715 29243 3.239 17111 | 3.237 20006 3.22 1330
3.539 6379 3.535 2035 3.225 21267 3.507 | 11586 | 3.455 10733 3.523 1474
5.891 3607 4.076 1924 3.538 13977 4.086 7030 3.893 3622 4.059 1648
6.706 7255 5.891 3155 4.088 6841 5.898 3657 4.077 2354 5.872 4250
7.275 7262 6.678 8960 5.871 4801 6.712 6051 5.866 4587 6.608 8478
7.823 3376 7.28 7832 6.609 10831 7.27 6888 6.714 6983 7.238 8238
11.823| 1083 7.832 3423 7.235 8922 7.826 3153 7.291 7175 7.749 3861
12.563| 3160 12.56 2616 7.75 3774 11.802| 1432 7.833 3467 11.809 1822
13.021| 4192 | 13.016 3340 11.784 1184 12.56 2742 | 11.813 1038 12.545 3060
13.301| 1695 | 14.108 2768 12.547 2908 13.019| 3704 12.54 2833 13.002| 3083
14.116| 3108 16.8 3936 13.004 3580 13.222| 1983 | 13.002 3399 14.102 2664
16.81 | 3897 |17.658| 1331 13.865 1114 14.116| 3219 |13.205| 1475 |16.798| 2268
17.672| 1244 | 18.362 14257 14.1 3156 16.812| 2212 |14.10/ 2603 18.344| 14318
18.38 | 15678 | 21.867 18868 16.796 3989 18.361| 15117 | 16.801 2184 22.067| 35200
21.931| 17058 | 22.088 19076 17.659 1460 21.888| 14342 | 18.345| 13734 | 22.742 4283
22.128| 20824 | 22.74 5293 18.358 15504 22.123| 21340 | 21.909| 16297 24.15 1573
22.781| 5285 |24.144 2159 22.068 36988 22.786| 4634 22.09 18854 | 24.641 1120
24.186| 2034 | 25.355 1194 22.746 5070 24.186| 1587 |22.741 4199 25.269 1355
25.355| 1861 | 25.555| 3417206 | 24.154 1833 25.355| 1133 | 24.141 1426 25.558| 4233071
25.575| 3348181| 27.039 6564 24.634 1099 25.575| 4148590| 24.638 1334 27.043 7026
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27.062| 7117 | 28.167 2787 25.333 1556 27.062| 7100 | 25.269 1198 28.168| 2397
27.546| 1838 | 28.953| 42473 25.558| 3415015 | 28.204| 3130 | 25.555| 4241154 | 28.958| 43942
28.207| 3335 | 35.323 2314 27.043 7140 28.544| 1132 | 27.038| 6727 35.338| 4189
28.986| 44812 | 45.296| 25590 27.516 1544 28.985| 47471 | 28.168| 2639 45.305| 30412
35.076| 1127 28.173 2932 35.038| 1120 | 28.953| 43520
35.365| 2416 28.958 40055 35.362| 2972 |35.332] 2723
35.865| 1126 35.035 1005 35.897| 1464 | 45.309| 27934
45.308 | 23156 35.336 3334 45.326| 31391
36.32 1089
45.304 20702
286 nm 310 nm

RT | PA-Omin| RT PA-30min RT PA-90min RT PA-Omin| RT | PA-30min| RT | PA-90min
1.402 | 110184 | 1.396 103415 1.398 99198 1.403 | 74503 | 1.396 68054 1.398 63705
1.562 7756 1.553 8154 1.555 8689 1.562 7981 1.553 8323 1.555 8490
1.855| 77095 | 1.846 70971 1.849 69845 1.856 | 60911 | 1.847 58359 1.849 56071
2.212 | 20411 | 2.204 20567 2.203 21204 2.208 3908 2.208 6563 2.205 7421
2.736 9198 2.709 6961 2.704 7082 2.357 1999 2.357 8703 2.333 6715
5.897 1714 411 1232 4.055 1156 6.724 4998 2.715 6185 2.689 8704
6.716 5433 5.892 2087 5.867 2255 7.326 2834 6.654 3644 6.62 5678
7.29 5916 6.685 4205 6.622 5973 11.826| 1535 12.51 3433 7.224 3699
7.845 2899 7.294 3728 7.245 5568 12.515| 3852 | 12.939| 2251 7.789 1603
12.54 2897 7.84 1627 7.79 3173 12.764| 1262 | 14.102 1292 11.803| 1151
12.762| 1198 | 12.521 2086 11.79 1438 12.946| 3518 17.15 1189 12.496| 3598
13.025| 3553 | 13.005 2546 12.506 2514 13.227| 2187 | 25.555| 3276888 | 12.932| 2557
13.221| 2206 | 13.193 1332 12.997 2467 14.113| 1292 | 27.035| 1908 14.098| 1388
14.115| 2073 | 14.104 2000 14.103 2040 14.38 1378 | 28.795| 1138 17.154| 1135
16.829| 1043 | 16.806 1056 16.805 1087 17.174| 1095 35.33 3614 25.558| 3267662
18.364| 9903 | 18.229 3275 18.353 8517 25.575| 3204247| 45.296| 16662 | 27.036| 1348
21.888| 8981 | 18.351 5432 21.867 10911 27.049| 1381 35.044| 1308
22.128| 11241 | 21.92 10052 22.098 9956 28.83 1086 35.335| 5459
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22.761| 2569 |22.094| 10499 22.737 2939 35.055| 1216 45.307| 12863
24.672| 1076 | 22.717 2550 24.144 2730 35364 | 3787
25.575| 4733540| 24.162 1179 24.65 3197 45.337| 14161
27.06 7060 | 24.648 1252 24.794 1767
28.195| 1931 | 25.248 1302 25.269 3974
28.984| 28465 | 25.555| 4839071 | 25.558| 4835065
29.702| 1179 | 27.036 6852 27.039 7027
35.373| 3157 | 28.175 1857 28.17 1737
35.869| 1585 | 28.951| 25752 28.955 28284
45.351| 28805 | 29.28 2353 29.666 1710

29.672 1161 35.046 1033

35.326 3379 35.341 4914

45.298| 36714 45.311 34645

358 nm

RT | PA-Omin RT PA-30min RT PA-90min
1.403 | 37881 1.396 34813 1.398 34243
1.562 7570 1.553 7586 1.555 8389
1.855 | 20296 1.847 22269 1.849 21321
6.717 4036 1.975 4693 1.988 2240
12.512| 5562 6.725 2899 6.638 4363
12.763| 3525 12.504 5156 12.492 6030
12.934| 3226 12.754 3350 12.744 3808
13.195| 1916 12.925 3100 12.912 3689
14.388| 1172 13.19 2008 13.178 2131
17.169| 3448 17.155 3337 17.155 3340
25.575( 793990 25.556 810399 | 25.558 | 809566
35.056| 5055 35.016 4126 35.027 4963
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Table S%: The chemical transforations of liquorice root extract mixed with BMDBM dissolved in methanol on irradiation with
simulated solar irradiation monitored by HRIRDA.

275 nm 280 nm

RT PA-Omin RT PA-30min RT PA-90min RT PA-Omin RT PA-30min RT PA-90min
1.402 138090 1.402 138410 1.395 131685 1.402 133501 1.402 133358 1.395 126014
1.562 9563 1.561 10240 1.553 9755 1.561 8963 1.561 9601 1.553 9099
1.853 91355 1.853 72024 1.845 68964 1.853 88965 1.853 83991 1.845 84000
2.205 36440 2.027 14754 2.016 14398 2.206 29917 2.209 22710 2.202 27777
2.713 26418 2.209 25969 2.2 23487 2.475 3784 2.721 9435 2.699 26977
3.224 23672 2.725 7154 2.68 8309 2.702 26585 3.218 1200 3.204 13706
3.526 14436 3.229 2335 3.21 2299 3.213 20085 3.557 1322 3.403 3273

3.84 2481 3.534 2269 3.537 2104 3.492 13279 4.088 1052 3.547 2289
4.039 5206 5.862 4023 5.836 3978 4.038 8047 5.862 4701 5.832 4050
5.844 3923 6.621 10312 6.587 10075 5.85 3917 6.62 9637 6.585 8068
6.573 10073 7.196 9267 7.189 9434 6.586 8702 7.21 9201 7.176 8484
7.185 8789 7.779 4449 7.722 4043 7.181 8190 7.761 4090 7.731 3747
7.765 4285 11.804 1447 11.763 1108 7.737 4283 11.803 1815 11.78 1024
11.762 1251 12.548 3677 12.537 3637 11.751 1156 12.533 3142 12.531 3220
12.526 3492 12.743 2731 12.739 5592 12.513 2946 12.742 1726 12.734 3166
12.976 4762 12.998 4771 12.98 5656 12.737 1154 12.996 3709 12.982 4560
13.216 1922 13.184 1216 14.077 3531 12.974 4083 14.101 3010 14.079 3255
14.074 3698 14.1 3614 16.774 6253 13.159 2202 16.792 3378 16.776 3305
16.767 6205 16.791 6463 17.419 2048 14.068 2931 18.349 13861 17.626 1067
17.624 2306 17.643 2321 17.636 1561 16.768 3298 21.867 15592 18.325 17266
18.312 16333 18.34 14434 18.326 18081 18.32 13988 22.067 16353 21.803 16307
21.867 18863 21.835 17921 21.824 20140 21.835 18226 22.472 12169 22.049 16265
22.031 16832 22.074 16403 22.024 15394 22.013 14432 22.741 3295 22.446 12640
22.426 11652 22.471 11780 22.444 11663 22.428 11830 24.15 1513 22.688 3130
22.709 4425 22.731 4402 22.684 4437 22.677 3428 24.627 1651 24.131 4965
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24.13 2018 23.755 1420 24.115 1945 23.748 1278 24.79 1324 24.612 6379
25.323 2382 24.134 5859 24.606 1104 24.107 6291 25.184 3610 24.759 3220
25.495 6606 24.624 8681 25.227 3403 24.597 4098 25.523 9371 25.184 8688
26.005 1431 24.785 3761 25.499 5054 24.767 2911 26.021 1421 25.502 7237

26.22 1887 25.205 7457 25.628 3969 25.035 2198 26.256 4220 25.643 6816
26.837 1170 25.333 2706 25.984 2592 25.184 4651 26.848 1020 26.032 3893
27.138 499064 25.523 14780 26.247 7123 25.504 8890 27.157 480336 26.248 8557
27.566 26948 26.005 5105 26.645 1089 26.009 2688 27.589 28329 26.635 2620
28.136 5370 26.255 8385 26.837 1398 26.219 2658 28.177 4018 26.848 2057
28.448 1510 26.667 2615 27.14 504644 26.37 1406 28.426 3403 27.14 471925
28.914 44457 26.848 2316 27.569 28962 26.837 1308 28.84 35944 27.57 30604
29.632 1488 27.157 520028 28.153 5477 27.138 463262 29.643 1384 28.151 5211
34.977 | 1558150 | 27.588 32718 28.421 4998 27.567 26136 34.994 | 1672256 | 28.418 4903
38.519 3126 28.163 6371 28.914 43593 28.133 3015 36.829 1119 28.913 41484
45.275 21115 28.429 4488 29.611 2195 28.914 41718 36.954 1199 29.632 1641

28.933 38964 30.371 1320 34.977 | 1599042 | 38.529 3644 30.377 1148
29.653 1354 34.974 | 1590505 | 35.812 1180 45.295 34447 34.974 | 1631321
34.994 | 1629840 | 36.937 1040 38.516 3080 36.94 1048
36.835 1210 38.506 3827 45.277 24338 38.512 3517
36.951 1294 45.253 26680 45.257 31373
38.531 3847
38.768 1018
45.243 21792
286 nm 310 nm

RT PA-Omin RT PA-30min RT PA-90min RT PA-Omin RT PA-30min RT PA-90min

1.402 122188 1.402 120685 1.395 113461 1.402 82238 1.403 79177 1.396 73738

1.561 8547 1.561 9137 1.553 8996 1.561 8248 1.561 8752 1.553 8702

1.853 81715 1.853 81453 1.845 76936 1.854 71013 1.854 66351 1.846 61640

2.205 22340 2.209 20973 2.202 21395 2.208 6552 2.219 6313 2.197 9752

2.715 6186 2.507 2026 2.703 8954 2.339 9552 2.336 8921 2.315 9253
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4.057 1539 2.716 6594 5.859 1958 2.706 12762 2.724 5729 2.688 12227
5.852 2125 4.089 1381 6.584 7139 6.598 6084 6.617 5726 3.019 1328
6.562 6640 5.851 2093 7.224 6662 7.196 3234 7.216 3073 6.578 5671
7.194 6132 6.639 7613 7.731 3303 12.474 4192 12.499 4475 7.184 2792
7.737 3334 7.216 7027 12.505 3074 12.716 1557 12.747 1608 12.486 4497
12.477 3248 7.769 3415 12.733 1637 12.895 3958 12.931 3995 12.731 1589
12.721 1407 11.823 1490 12.97 4171 13.183 2153 13.187 1650 12.912 4320
12.979 3858 12.517 2925 14.086 2203 13.333 1226 13.361 1236 13.169 1632
13.187 2642 12.742 1072 16.779 1467 14.07 1461 14.09 1564 13.347 1415
14.067 2242 12.989 3289 18.011 4162 14.344 1502 14.37 1185 14.082 1376
16.773 1424 14.091 2235 18.197 2571 17.116 1295 17.144 1403 14.354 1089
18.311 10365 16.804 1619 18.322 4881 22.434 1284 22.478 1430 17.129 1356
21.835 9605 18.327 9085 21.781 10837 25.555 1129 25.554 4269 18.003 2963
22.042 9054 21.877 11511 22.049 7690 26.368 1130 27.157 41842 22.438 1572
22.426 11861 22.056 7232 22.44 13976 27.138 40423 27.592 20400 25.557 2906
22.709 2101 22.471 11983 24.122 1257 27.571 19537 28.777 1039 26.243 1197
24.117 2746 22.731 2014 24.614 1158 34.977 | 2016290 | 34.994 | 2107348 27.14 40681
24.633 2885 24.136 1255 24.761 1235 38.518 5054 38.53 5421 27.573 20217
24.764 2047 24.634 1399 25.201 3333 45.336 14390 45.266 18032 34.974 | 2056519
25.195 4478 24.767 1290 25.513 3991 38.513 5476
25.511 6710 25.212 2318 25.632 3466 44.527 2208
26.004 1694 25.535 9265 26.013 1723 45.286 14160
26.224 1274 26.021 1963 26.244 5364

27.138 395911 26.254 3297 27.14 400165

27.568 27209 27.157 409390 27.57 28229

28.142 3898 27.59 28935 28.146 3211

28.427 1162 28.167 3155 28.403 3815

28.913 25384 28.44 2824 28.913 24638

29.184 2961 28.932 21400 29.28 1463

29.602 1581 29.237 2262 29.596 1552
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34.977 | 1637345| 29.645 1266 34.974 | 1668522
35.805 2417 34994 | 1710141 36.93 1013
36.107 1064 36.833 1034 38.517 3328
36.288 1923 36.949 1105 45.298 33916
38.516 2934 38.53 3554
45.316 31101 45.293 38072
358 nm
RT PA-Omin RT PA-30min RT PA-90min

1.402 42088 1.403 38772 1.396 38846

1.562 7917 1.561 7986 1.554 7997

1.853 23869 1.853 20587 1.845 22894

1.968 2638 6.636 4702 1.961 2832
6.587 4700 11.843 1077 6.595 5158
11.868 1009 12.496 6769 12.482 6164
12.469 6047 12.745 4406 12.734 3926
12.723 3790 12.915 3964 12.902 3802

12.89 3594 13.179 2354 13.169 2227
13.157 2224 17.146 3942 14.357 1116
14.345 1340 27.159 2192 17.128 3838
17.123 3674 27.593 99325 27.146 2304
27.148 2229 34.994 | 8593920 | 27.574 98791
27.572 94559 38.529 14544 34.974 | 8401211
34.977 | 8220439 38.512 14932
38.518 13417
44.496 2717
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Table S%: The chemical transformation of liquorice root extract with a mixture of BMDBM, BP3 and EHMC dissolved in methanol on

simulated solar irradiation, monitored by?HC-PDA.

275 nm 280 nm
RT PA-Omin RT PA-30min RT PA-90min RT PA-Omin RT PA-30min RT PA-90min

1.41 133174 1.402 132743 1.398 131131 1.41 129019 1.402 127941 1.398 125938
1.571 9152 1.561 9936 1.556 9099 1.57 8547 1.561 9340 1.556 8567
1.864 90514 1.853 83649 1.85 86510 1.864 79026 1.853 79070 1.85 85121
2.223 27602 2.128 45008 2.199 38439 2.224 10817 2.201 36363 2.203 35514

2.75 31214 2.71 25085 2.734 26796 2.755 1233 2.716 23264 2.705 22856
3.261 14820 2.993 13859 3.221 21549 3.257 1525 2.992 10043 3.215 20545
3.558 6296 3.229 12563 3.525 12840 3.486 1584 3.205 7930 3.508 12851
4.099 1034 3.539 13223 4.035 8653 5.91 3694 3.536 5376 4.031 8198
5.918 4004 3.851 3579 5.839 3868 6.775 8547 5.845 4214 5.867 3471
6.738 10327 4,042 3187 6.582 10587 7.288 8603 6.584 8580 6.618 7816
7.342 9043 5.833 3528 7.195 9167 7.871 3851 7.207 7880 7.199 8055
7.877 3972 6.562 8694 7.739 4331 11.825 1178 7.759 3365 7.741 3844
11.855 1139 7.173 8360 12.573 3509 12.579 3020 12.528 2756 12.545 3318
12.583 2799 7.76 4015 12.769 4341 12.783 1104 12.735 1302 12.772 2987
13.037 4442 11.787 2415 13.026 5435 13.034 4018 12.979 3349 13.015 5118
13.28 1747 12.529 4274 13.227 1252 13.269 1829 14.078 2781 13.232 1399
14.135 3276 12.73 2331 14.13 3137 14.137 3061 14.378 1845 14.131 3235
16.823 5840 12.98 5128 14.471 2969 16.825 3078 16.782 3087 14.468 3040
17.483 1161 13.173 1035 16.836 5830 17.68 1192 17.434 1067 16.838 3093
17.676 1454 14.078 3539 17.493 1466 18.392 15670 17.62 1148 17.5 1443
18.389 16071 14.384 1689 17.69 2027 21.931 16599 18.337 15271 17.701 1130
22.142 35751 16.781 5819 18.414 17199 22.133 17525 21.803 17278 18.406 16809
22.539 12531 17.408 1404 21.963 17545 22.54 13648 22.035 15671 21.92 16452
22.805 4205 17.619 1554 22.157 17550 22.805 3286 22.44 12985 22.141 16402
24177 2069 18.339 16469 22.541 11959 24.205 1668 22.699 2909 22.54 12708
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25.376 1917 21.824 18286 22.795 3603 24.815 1029 23.744 1032 22.773 3454
25.585 | 3868155| 22.038 17528 24.154 1972 25.585 | 4798003 | 24.124 5179 23.691 1545
27.201 529829 22.444 11456 24.994 1988 27.201 493177 24.618 6084 24.156 4826
27.484 15370 22.72 4263 25.288 3383 27.485 16819 24.766 3784 24.651 6173
27.633 25748 24.114 2294 25.557 | 3985436 | 27.634 25291 24.967 2764 24.794 3089
28.2 2420 25.275 2939 26.255 3396 28.216 2196 25.152 2684 24.995 4411
28.997 41815 25.537 | 3875195 | 27.151 534477 28.996 41469 25.272 4551 25.284 6957
33.69 1523 26.236 1299 27.582 30889 33.666 1541 25.537 | 4839913 | 25.557 | 4966928
33.926 1919 27.149 522326 27.797 9553 33.947 1808 26.237 11% 26.253 2797
35.052 | 1677431 | 27.578 27040 28.146 5561 35.052 | 1722737 | 27.149 483037 27.151 492744
35.369 | 6786418 | 27.804 8916 28.416 7474 35.369 | 8404158 | 27.579 25719 27.582 28144
36.405 3927 28.146 4983 28.928 48654 36.406 3738 27.809 8324 27.799 8253
36.64 1085 28.425 4996 29.644 7941 36.64 1257 28.151 3536 28.142 3008
36.892 15850 28.927 46026 30.598 3581 36.893 18523 28.427 3855 28.423 4496
38.587 3484 29.632 3799 30.848 1348 38.59 3293 28.925 44247 28.927 41650
45.313 27993 33.6 1599 33.632 1488 45.34 30790 29.631 4345 29.638 5155
33.86 1748 33.844 1050 33.589 1380 33.557 1461
34.99 1631523 | 34.995 | 1644479 33.86 1712 33.851 1064
35.296 | 6035815 | 35.219 | 2733896 34.99 1676243 | 34.995 | 1688954
36.101 1046 35.287 | 3321049 35.298 | 7117289 | 35293 | 7062640
36.356 3803 36.08 1768 36.354 3688 36.1 1439
36.596 6159 36.357 3890 36.597 6694 36.357 3602
36.842 10240 36.596 6922 36.843 11316 36.596 7464
37.309 6803 36.839 8970 37.309 6056 36.839 14840
37.531 7452 36.949 5423 37.531 6105 37.309 11168
37.747 6699 37.31 11870 37.748 5827 37.529 10517
37.889 8195 37.53 12658 37.886 7494 37.745 11729
38.531 3727 37.745 13356 38.531 3522 37.883 15045
45.274 23866 37.882 16386 45.316 29383 38.532 3721
38.532 4284 45.32 32358
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45.317 24454
286 nm 310 nm
RT PA-Omin RT PA-30min RT PA-90min RT PA-Omin RT PA-30min RT PA-90min

1.41 117480 1.402 116590 1.398 113733 1.411 78585 1.403 76980 1.398 73711

1.57 8398 1.56 8880 1.556 8125 1.57 7916 1.56 8587 1.556 8324
1.864 80741 1.853 75284 1.85 80343 1.864 69593 1.853 59779 1.85 65105
2.223 19896 2.203 38338 2.204 30683 2.229 6953 2.193 4392 2.203 7993
2.755 8839 2.715 17142 2.692 21387 2.347 6452 2.347 2473 2.325 7190
5.915 2241 3 9325 3.216 10538 2.528 4240 6.57 5436 2.701 9409
6.772 6934 3.215 5558 3.429 2722 2.738 5680 7.171 2662 6.627 4697
7.354 6319 3.411 4879 3.605 2278 3.992 1137 11.792 1162 7.741 1033
7.875 3131 5.857 1916 5.847 2510 6.748 4440 12.479 3563 12.517 4161
11.866 1085 6.588 5597 6.601 6186 11.848 1408 12.91 2519 12.772 1524
12.557 3045 7.202 5707 7.218 6036 12.531 4032 14.079 1443 12.947 4075
12.783 1239 7.73 2676 7.736 2892 12.777 1496 14.351 1310 13.219 1618
13.035 3635 11.791 1390 11.791 1370 12.957 3897 17.133 1254 13.397 1146
13.263 2388 12.492 2676 12.537 3087 13.243 2388 17.415 1579 14.128 1542
14.133 2109 12.722 1058 12.773 1794 13.397 1002 22.464 1538 14.422 1439
14.396 1136 12.976 3024 13.012 4691 14.128 1319 25.272 1328 17.194 1224
16.828 1539 14.082 2168 13.218 1252 14.394 1472 25.537 | 3702028 | 17.471 1653
17.477 1131 14.383 1784 14.138 2245 17.178 1257 27.149 41317 18.079 1924
18.376 9688 16.784 1265 14.453 3056 17.471 2068 27.583 22721 22.551 1474
21.952 11741 18.338 9549 16.842 1368 22.543 1494 27.814 4369 24997 1765
22.155 7422 21.792 9460 17.472 1246 25.585 3721421 28.45 1168 25.294 3101
22.541 12340 22.053 9136 18.414 11352 27.201 43081 28.769 1054 25.557 | 3808448
22.752 2775 22.446 12060 21.963 9993 27.49 9681 33.86 1123 27.15 41574
24.178 1983 22.709 1934 22.161 8757 27.638 21213 34.99 2103404 | 27.585 22446
24.661 1483 24.134 2446 22.543 14157 28.838 1459 35.302 | 8968159 | 27.816 4547
24.816 1005 24.632 2866 24.185 2437 33.938 2288 36.596 6977 28.431 1475
25.269 1016 24.77 1924 24.649 2819 35.052 | 2167809 | 36.848 10517 28.772 1002
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25.585 | 5472912 | 24.977 2149 24.795 2013 35.369 | 12085707 38.531 5557 33.867 1462
27.201 421370 25.12 2006 24.997 3272 36.356 1163 44,538 2211 34.995 | 2120166
27.487 17701 25.271 2917 25.293 5535 36.651 1035 45.348 14185 35.302 | 868005
27.635 26531 25.537 | 5482690 | 25.557 | 5635900 | 36.896 23569 36.596 7739
28.211 1783 27.149 406645 26.253 2448 38.586 5356 36.848 10341
28.995 27496 27.421 5824 27.151 421696 45.332 14320 37.887 1371
33.653 1636 27.58 26899 27.583 28257 38.53 5977
33.939 2248 27.81 8186 27.807 9086 45.312 13772

35.052 | 1764193 | 28.126 2185 28.138 2294

35.369 | 10077322 28.43 3001 28.421 4084

36.189 1051 28.924 25094 28.926 26708

36.397 2609 29.259 1997 29.641 4059

36.894 21629 29.636 2582 30.574 1380

38.588 3256 33.589 1387 33.536 1262

45.329 32129 34.99 1715995 | 34.995 | 1729985

35.3 8221614 | 35.297 | 8090041

36.348 2202 36.112 1180

36.595 7446 36.348 2233

36.845 12062 36.596 8002

37.309 5308 36.841 15166

37.53 4342 37.309 9887

37.748 4390 37.53 7428

37.888 6391 37.745 8884

38.533 3380 37.884 12891

45.32 30879 38.533 3581

45,327 35448

358 nm

RT PA-Omin RT PA-30min RT PA-90min

1.411 40421 1.403 37652 1.398 36925

1.571 7723 1.561 7647 1.556 8325
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1.864 23012 1.853 22650 1.85 23211
1.985 3273 1.969 2802 1.986 4106
6.77 5418 6.609 4534 6.638 5580
12.528 6201 12.477 5396 12.514 6398
12.777 4041 12.729 3632 12.773 4193
12.949 3679 12.898 3442 12.941 3807
13.218 2113 13.161 2162 13.216 2160
14.394 1225 14.359 1047 14.416 1069
17.181 3637 17.133 3656 17.193 3478
25.585 921858 25.276 1959 24.997 1019
26.419 1405 25.537 913296 25.295 2930
27.199 2453 27.15 2284 25557 935616
27.64 102648 27.584 102185 27.154 2451
35.052 | 8927220| 34.99 8839924 | 27.587 104278
38.586 14392 38.531 14900 30.818 1322
34.995 | 8989042
38.532 15854
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Authentication of Herbal Products Traded in Nairobi County Using DNA Technology

Mwaura A. N.*3 Gravendeel B, Omwoyo G. and Kamau 3

1. National Museums of Kenya
2. Naturalis Biodiversity
3. Kenyatta University

At least 65 % of the population in developing countries uses medicinal plants as remedies. In
Kenya it is reported that appimately 80% of the population have used herbal remedies at least
once in their lifetime. Previous studies in Brazil estimated the frequency of mislabelling herbal
products at 14 % to 33 % though based on limited data available then. In Kenya illegitimate
remedies sold by herbalists as herbal contraceptive resulted in women having children display
adolescence signs such as a menstrual cycle at the early stage of 3 years. There is therefore a gap in
understanding the level of herbal products contaminasiobstitution and use of fillers in Kenya

and the world aarge The aim of the study was to use DNA barcoding as the first screening step to
authenticate selected herbal products on sale in selected markets. A questionnaire was administered
to establishtte commonly traded medicinal plants in selected Nairobi County markets. At least five
individual plants of each selected species were collected from the wild and barcoded with a
minimum of two markers to create the reference library. Blind sampling ofabieiherbal
products in Nairobi county markets were used to authenticate identification against a DNA barcode
referencelibrary of medicinal plants species collected in wild. The study established a baseline
database of barcodes that can be used for hgnmalucts identification. DNA barcoding
technology is able to define species from ground herbal products. Over 30% of analysed products
indicate adulteration and some had fungal contamination. Correct identification is mandatory to
ensure correct labellgnto avoid health risks that could arise from presence of othefisted

species. Therefore, there is need for more objective and scientific ways like DNA barcoding to
authenticate individual herbs, as a way of monitoring quality of herbal medicinenyaK

Key words: DNA barcoding technology, herbal product, authenticate, Reference library,
identification
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Soliton Distribution in the Ball and Box Cellular Automation Model

Alpha Sokoa,, James Makungub
a Department of Mathematics, Faculty of EducatMauzu University

b Department of Mathematics, Faculty of Applied Sciences, University Of Dar es salaam

Abstract

Solitons are very important waves in Mathematical Physics. They help model many
physical situations for instance tsunami waves, appbcaitn optical com munication
systems and in laser technology among others. Despite enormous application solving the
nontlinear equations which have soliton solutions is clalging. A remedy to this is to

use cellular automation models to model soldgnamics. In this work, an investigation of

the distribution of the number of the solitons from the Ball and Box cellular automation
model was examined. The distribution of the number of solitons from the two and three
colour Ball and Box cellular autortian is established. Using the online integer sequence,
for the two colour, it was found that the distribution of the number of the solitons are
indexed by the binomial coefficients. On the Other hand, for the three colour, it was found
that only solitonsof lengths one to four possesses the distribution while the other soliton
lengths do not possess any distribution function.

Keywords: Solitons, Ball and Box Model, Cellular Automation, Inte§equence,
Binomial Coefficients
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1. Introduction

The Ball aml Box Soliton (BBS) is cellular automaton model which models- soh
movement proposed by Takahashi and Satsuma (1990). Its state is defined by using an
infinite array of boxes and a finite number of balls, with some boxes filled by balls
bounded on théeft side, but unbounded on the right side. Each box contains at most one
ball. The time evolution of the value of the j th cell at time

t, and state ut " (0, 1), where it is assumed that=0 for j far enough to the left

and to the right is givehy;

]
01 if ut iy iy
= 0 1 ut > ut+1
a P P
nd
ut+l j i i
] = I=H a I=H a
U]

0 Otherwise

This corresponds to taking a line of boxes, either containing a ball or empty and updating
it. In other words, the rule corresponds to takingefftenost ball out of its box and putting

it in the first empty box to its right, then taking the new leftmost ball as long as it has not

already been moved at this time step and moving it to the first empty box to its right. We
continue with this processntil each ball has been moved, this represents one time step.

The following example details the time evolution under the BBS;

Figure 1: Time evolution in box and ball system
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We observe that consecutive balls of length four, three and one procéedright with
constant speed unless they are too close to each other. The ball of length four is faster than
the remaining two balls. Also the ball of length two is faster than the ball of length one. We
also observe that after some time, 0 <t < 4, #ikslzollide. After the collision, there is

phase shift; that is the balls have changed the orientation from four, three, one to one, three
and four respectively. We note that the trajectory of the larger series have been shifted by
four places to the rigland the smaller one have been shifted by four places to the left.
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Definition 1.1. In Takahaskbsatsuma ball and box model, a soliton is consecutive length of
balls that maintains its length after infinite time evolution.

From this definition, we seedhin Figure 1 we have three solitons, that is soliton of length
four, three and one respectively. We define speed of consecutive balls by the average
number of boxes which the group passes per unit time and a basic ball as a ball x which
cannot be sepaed into balls x1 and x2 after a series of time evolution.

We denote a ball in box by 1 and empty box by 0 with this, another example of time
evolution for the states is shown below;

t=011110000110001000000000000000M®WO0Ot=1000011
1100110010000000000000000000000t=2000000001100110
1110000000000000000000t=3000000000011001200011121200
0000000000000t=0400000000000110100000011110000000
0000t=50000000000000010110000000012122110000000

We see the series of lengths four, two and one from the left to right. After time evolution of
0 <t < 5, there is phase shift of the series into the sequence of lengths one, two and four.

From the two examples above, we observe that when no interaction between balls, the balls
move at speed equal to their length. During the time of evolutiors, tallides with each

other, and retain their original shapes. After the collision the balls change their original
position. We also observe that if a ball of length x passes through another ball of length y
where x >y, the phase shift of the longer

ballis +2y and that of the shorter ballH8y. These properties of the bball sys

tem are characteristic of the soliton systems. We summarize these characteristics into
Theorem 1.1 below:

Theorem 1.1. Lam et al. (2012, Theorem 2.1) The basic solitons diddogys tem are

strings of consedive balls; the soliton of length k has speed k. When a system consisting
of a disjoint union of basic solitons is allowed to scatter, the outcome is a sequence of basic
solitons with the same set of lengths, arranged irdemneasing order from left taght.
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Starting at any initial state, after a finite amount of time the system separates into basic
solitons with nordecreasing length. Finally, if a soliton of length x passes through another
soliton of length y

where x >y, the phase shift of the longeliton is +2y and that of the shorter soliton is

By.

The BBS has been extensively investigated in the context of solitons and there is large
literature on the subject. For instance lwao (2009) studied theébdbxsys tem with

finitely many kinds ofballs. The boxball system was obtained from the hungry discrete
Toda equation by ultrdiscretization. They investigated the- gtications of the algebraic
geometry and the tropical geometry to the ultradiscrete integrable system.

Also of significance atice on BBS is Mada et al. (2005) who investigated- camved
quantities of periodic bekall systems with arbitrary kinds of balls and box capacity
greater than or equal to one. Finally, among the others, Fukuda et al. (2000) studied the
BBS in the crytal theory formulation. New conserved quarniges and the phase shift of

the solitons scattering were obtained by considering the energy function in the
combinatorial R matrix.

Despite all this enormous investigations carried out, non of the reseairolesstigated
the distribution of number of solitons from the mudalour ball and box model. In this
paper, we study the distribution of the number of solitons in the-galtir BBS model.

2. Two Colour Ball and Box

In this section the extended twol@oBBS model is investigated. We suppose that the box
can hold at most one ball and there are two kinds of balls which are indexed by integers
one and two. Then the time evolution rule corresponds to taking the leftmost ball of index
one out of its boxand putting it in the first empty box to its right, then taking the new
leftmost ball of index one as long as it has not already been moved at this time step and
moving it to the first empty box to its right. We continue with this process until eachfball o
index one has been moved, then we repeat this process to balls of index two. This
represents one time step.

For example consider the evolution of states below for four time steps.

t=001110000220000000000000t=1000Daa02200000000
000t=200000001110022000000000t=3000000000011001222
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000000t=400000000000011000122000t=500000000000000
110000122

In the exam|e above, we had started with two configurations of lengths 3 and 2. After
time evolution, 0 <t < 5, there is phase shift of the lengths into the lengths

2 and 3 respectively. We also observe a mix up of the type of the balls. The mix up 122
moves with sped 3 so it is considered as one ball of length three. Using Theorem 1.1 it is
easy to see that the two color BBS describes soliton dynamics.

We now provide another example of the two color state. We start with the arbitrary state 0
1220000211.

t=001220000211000000000000000000t=12000012220020110
0000000000O0O0O0O0O0Ot=200000001202201100000000000000t=
3000000000100222110000000006940000000000100002
2112000000000t=500000000000100000220112000000t=60
000000000O0010000002200112000t=70000000000000120000
0002200012

From this example, it was observed that two unstable balls of lengths three unattained
stability in the interval 0 <t < 7. Using two unstable balls we had formed three stable balls
of lengths 1,2 and 3 respectively. Using Theorem 1.1, we concluti¢hthzhree stable

balls formed are solitons.

From the results of examples above, it is easy to see that different initial conditions of the
soliton configurations produces different number of solitons. This calls for investigation of
the distribution ofthe number of the solitons given a particular soliton configuration. we
examine the distribution of number of solitons when we involve all possible initial soliton
configuration in the two color BBS.

2.1. Simulation of Two Color Ball and Box
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On the 2 coloBBS we simulated all the possible soliton configuration from the two color
BBS model on the given n empty boxes. We started with two empty boxes then produce
all possible ways of coloring the boxes with two colors. Each of these possible ways
represenbne initial configuration. Using the produced initial configurations, we carry out
time update on each of the configurations until stable length of balls are obtained. We then
count the number of stable balls. We repeat the process for boxes more than two

Here, a sequence of length n shall represent coloring n boxes with n colors where the
colors are the elements of the sequence, for instance the sequence 1212 shall mean color
box one with color one, box two with color two, box three with color one amdfdur

with color two.

As an example for the two boxes with two colors, we have four ways of prioduinitial
soliton configuration, 11, 22, 21, 12. In the configuration each state represent a unique
soliton arrangement which we can start with.

2.2 Results and Discussion

Trivially for the one box we have two ways to color it with two colors either 1 or

2. Both of these lead to 1 soliton. This means that the total number of 1 solitons is 2.
Continuing the process to the other number of boxes we@mdth Table 1 below
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Table 1: Number of Solitons Generated from the Two color Ball and Box Model

nk 2 3 4 5 6 7 8 9 10
1/ 0 O 0 0 0 0 0 0 0
2 T 0 0 0 0 0 0 0 0
R 4 0 0 0 0 0 0 0 0
4 10 1 0 0 0 0 0 0 0
5 20 A 0 0 0 0 0 0 0
A B 21 1 0 0 0 0 0 0
7 K6 GA 8 0 0 0 0 0 0
_ 84 126 3R 1 0 0 0 0 0
9 120252 120 10 0 0 0 0 0
10 165462 330 55 1 0 0 0 0
11 220792 792 220 12 0 0 0 0
120 28612871716 718 78 1 0 0 0
13 2642002 2432 2002 23R4 14 0 0 0
14 45530036435 5005 1365 105 1 0 0
15 56043681144011440 4368 560 16 0 0
16 GRNRT1RR 1944824310 12376 2380 136 1 0
17 8168568 3182448620 31824 8KAAK 816 18 0
18 9691162 50388392378 75582 27132 3876 171 1
19 1141550 7752016796016796077520 15504 1140 20
20 1332034 11628293930352716203490 547264 5K9KK 210

21 154263317054 497420705432 497420 170544 26334 1540

272 1773364 24515817190135207 1144066 490314 100947 K8K5

23 2024250 346101307502496142496144 1307504346104 42504
24 220531348070 2042974457405200300 3267601081575 177100
7?5 2606578 AR7803124557726161040060(77261603124550 57800
26 2928073 88803468682130378 200583011 738386843285 2220075
27 3279828 11840 RANRAN214741 R74421R(13744216214741(RANKANN
28 23651187 15607 100150345972 A786391775587651895932003001(
29 4061425 2035814207154627211975981M15511751197598K54R273M
30 4491699 262952016008467232062530°30054012651825:14112057
21 4962013 33658 280488129024347373R6572275657227°3473736R(
32 5452373427203856711935365731664.10371581166803°81880920
33 KOKR2782 53796 524512286097 927983711 8559672333ANA18559R(7F
R4 6543246 672457060744172251476337(32479434537567t4059928¢
35 7143769 834769414326008052310789(567902859749658597496RF
R( 7770 435897 1029543562467300 15905361 7672631
37 8436 501942 12620254149502796 2878114:3534576%
38 9139 KR75757 1538098122425444 5102111°68923264
39 9880 658008 18643512033222880 8873237{1312824(

40 41 10660 749398 22481940 350343565 3159461968 17620076360 63432274896
151584480450 2446626200
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From Table 1, by using the dime integer sequenceétfps://oeis.org)we

have the following result
Conjecture 2.1. Let n be the number of boxied k be the number of soliton

produced in the two color BBS. Thedvare related by the binomial coefficients;

On+1!
a(n, k) =010 2kH1 if n+1 2k
0 gl (1)

0 else

provided that n, Kk Z+

3. Three Colour Ball and Box System

We now extend the model introduced in previous section by introducing more species of
the ball. We suppose that the boan hold at most one ball and there are three kinds of
balls which are indexed by integers one to three.

The time evolution rule corresponds to taking the leftmost ball of index one out of its box
and putting it in the first empty box to its right, thiaking the new leftmost ball of index

one as long as it has not already been moved at this time step and moving it to the first
empty box to its right. We continue with this process until each ball of index one has been
moved, then we repeat this procesdalls of index two and index three. This represents
one time step.
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3.1. Simulation of Three Colour Ball and Box Model

As in previous section, we start with two empty boxes then produce all possible ways of
coloring the two boxes with three colourdig represent initial soliton configuration. We
then evolve all initial soliton configurations to count how many solitons of each kind
results. We repeat this process for boxes more than two.

Let 1 denote colour number one, 2, colour number two and 8semis colour number
three. Then 12 denotes box 1 coloured with colour one and box two coloured with colour
two. For the two boxes we have 9 ways of producing initial soliton configuration.

As before n, k represents the number of boxes and numbertohsalepectively. Table 2
gives the results for the numbers of solitons produced with different hamof boxes
coloured with three colours.
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Table 2: Length and Number of Solitons for 3 colour ball and box

nkli 2 3 4 5 6 7 8 9
1 3 0 O 0 0 0 0 0O O
2 6 3 O 0 0 0 0 0O O
3 10 16 1 0 0 0 0 0O O
4 15 51 15 0 0 0 0 0O O
5 21 126 90 6 0 0 0 0O O
6 [28 266 357 77 1 0 0 0O O
7 36 504 1107 504 36 0 0 0O O
8 45 882 2907 2304 414 9 0 0O O
9 b5 14526765 8350 2850 210 1 0O O
10 66 227714355 25653 14355 2277 66 0O O
11 [78 343228314 69576 58278 16236 1221 12 O

12 91 5005 52624 171106 201643 87802 12727 1442

13 105 70989309

3.2. Results and Discussion

Using the orline integer sequence and data for the three c@®&$, the Conjecture 3.1
below gives the distribution of the number of solitons.

Conjecture 3.1. Let n be the number of boxes and k be the number of solitons produced in
the three color BBS. The two are related by the binomial coefficients

On+2!
]
O n+2

a(n, k) =

5 ifk=1
003 H2 5 ifk=2
n+3
s N+l (2)
R n+ n+ n+
n+1 1 1 1
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+10 +15 +7 % 5 jfk=*$3 7 8
0

[1JNo pattern else

No pattern in Conjecture 3.1 implies that there is no specific sequence which can fit
the data.
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Fi scher 6s Aghapormie Higchell and Yellowcollared Lovebird Agapornis
personatuy are birds native to Northern and Central parts of Tanzania. They are colourful
birds and have long been traded as pets through legal and illegal trapping. They are also found
in Kenya nostly as hybrids after their introduction into the wild as aviary escapees. The
population ofA. fischeri has been reduced significantly due to their trade leading to a
suspension of the legal trapping process. In addition, these two species are alsdadknown
hybridize, a phenomenon that is likely to lead to a decreased genetic diversity as well as
genetic swamping of\. fischeri The two species are listed under CITES in appendix Il to
closely monitor their trade which should not be a threat to theinsuiriine aim of this study

was to generate a DNA reference library targeting a specific gene Cytochrome C oxidase
subunit | that can assist in identification of illegally traded products of the said species. The
study was carried out in Naivasha County ah¢kast 5 individuals from every species were
capturedBiometric measurements were recorded and every individual photographed for use
as an electronic voucher. Blood was collected for DNA analysis. Following amplification and
purification, amplicons wer sequenced. The sequences were edited using the Geneious
Research Software. Edited sequences were screened using BLAST for validation and
submitted to the freely accessible online database GenBank. DNA barcoding is a molecular
technique that has revolutized the identification of species encountered in illegal wildlife
trade; fast tracking the prosecution of wildlife criminals. The technique was able to
differentiate the species as well as showed its ability to identify haplotypes and hence can be
used b give insights on the variation of individuals in a population.

Key words: DNA barcoding; species identification; illegal wildlife trade; electronic voucher.
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Rout hds Hurwitz technique for I inear con
analyzing stability motor-gear-alternator (MGA) system

Koech, C.W.
Moi University, School of Biological and Physical Sciences, Department of
Mathematics and Physics,P.O. Box 3&W100, Eldoret, Kenya.

Abstract
Motor-GearAlternator (MGA) system is a device which mag ised to amplify the usability
of the solar energy for commercial and domestic purposes. One way of studying the stability
of MGA is by wusing Routhodéds Hurwitz technique
and implementation of MGA system. This paparesents step by step procedure for
determining the nature of eigenvalues of the characteristic equation of the MGA transfer
function. When the roots of the characteristic equation were computed, it showed that both
roots are negative. Given thatthersigy of t he entries on the firs:
not change the sign, and fact that the real parts of the poles are both positive and nonzero the
linear MGA system is stable.

Keywor ds: Rout hés Hur witz, Mot or , Al ternat ol
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Abstract

This study concerns ¢htheoretical determination of a mathematical model of delayed
pulse vaccination of infectious diseases that affects children. In this study, a delayed
SEIR epidemic model with impulsive effect and the global dynamic behaviors of the
model will be analyzed Usi ng the discrete dynamical
that there ekireeé pardDodiecsdobuotion whi ch
the period of impulsive effect is less than some critical value. The sufficient condition

for the permaence of the epidemic model with pulse vaccination is given, which
means the epidemic disease is to spread around. The study has concluded that time
del ay and pul se vaccination brings great
dynamics of the maal. The main feature of the study was to introduce time delay
together with pulse into epidemic model, and investigate their effects on the dynamics

of model. The results indicate that a large vaccination rate or a short period of pulsing
leads to the erachtion of the disease. Numerical simulation has been used together
with the analytical results. The results shall be presented in tabular and graphical
form.
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Extraction of oil from tannery fleshing waste for potential tannage of ovine
stomach

WainainaN.P1, Ongarora, B.and Tanui, P.

1School of Science, Dedan Kimathi University of Technology, P.O. Bex(@8%D
Nyeri, Kenya.

2School of Science, Dedan Kimathi University of Technology, P.O. Bex(E®D
Nyeri, Kenya.

3School of Science, Dedan Kimathiiversity of Technology, P.O. Box 658100
Nyeri, Kenya.

ABSTRACT

The process of leather manufacturing produces vast amount of solid waste annually
(8.5 million tons worldwide), and most of the solid waste (80%) is produced-n pre
tanning operations. Thigeshing operation to remove flesh, subcutaneous tissue and
natural fat from the flesh side of hide/skin (fleshings) accounts f&080 of total

solid waste generated. Attempts to extract oil from the fleshings have been made.
However, the application dghe oils from fleshings in tanning has not been explored.
Oil tanning process takes about 12 days compared to chrome tanning which takes
approximately 6 hours, and this explains why the technology is not commonly used.
In this study oil was extracted frogoat fleshings and characterized using Soxhlet
method and chemical methods respectively. The percentage fat content, iodine value,
acid value, saponification value of green fleshings was 26.16%, 73.00, 7.37 mg and
192.40 ml. N/meq respectively while thaitlimed fleshings was 16.81%, 65.87, 6.08

mg and 184.60 ml. N/meq respectively. The oil was used in oil tanning of the ovine
stomach and produced quality exotic chamois leather with a grain, which has a
different variety from the ordinary velvety chamolhis study also investigated the
feasibility of turning the ovine stomach into novelty leather and then leather product
which would add value to the chain of livestock. The stomach was taken through pre
tanning, tanning, poganning and finishing operat. Then mechanical operations

like drying, toggling and staking were done. The physical test such as tensile strength,
elongation at break, tearing strength and colour rub fastness were 16.5,N/mm
127.4%, 41.4 N/mm and 3 respectively. The physical agdnmieptic properties of

the leathers resulted by this study met the quality requirements for the chamois leather
although the properties were poor compared to grain leather. The leather was used for
making novelty leather product suchcasn purse, keyase, purses and wallets.

Key words: Chamois, Extraction, Fleshing, Novelty leather, Ovine stomach
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1. INTRODUCTION

Tanning industry consumes biodegradable hide/skin and produces something noble
and special. During leather processing, a seriesclmical and mechanical
treatments are employed to obtain desire effect or action. Tharpreg operations

are preparative stages of leather manufacturing before tanning which aim is to clean
the structure of hide/skin and removal of rsiructural prteins (Beghetto,
Zancanaro, Scrivanti, Matteoli and Pozza, 20IB leather manufacturing produces
huge amount of solid waste (yearly 8.5 million tons worldwide), and most of the solid
waste (80%) is produced in pr@nning operationfColaket al, 2005) Fleshing is a
pretanning operation which removes flesh, subcutaneous tissue and natural fat from
the flesh side of hide/skin where abstantial amount of solid waste (fleshings) is
produced which is estimated (60)% of total solid waste@Kanagaraj, Velappan,

Babu and Sadulla, 20Q6Fleshings consist of proteins, natural fats, and other
constituents which pose high potentiality for utilization. Unfortunately, this waste
does not find important usage and are currently being disposed into dumping sites or
in open areas, consequently causing negative effect on the environment.

These fleshingvaste has high amount ¢f 4 T 1 8 )(Lup6, 2D0d }vhich could be a

great source for manufacture of oil tanning agére way to recover these solid
waste is using them as feedstock in tanning agent production. Fleshing is commonly
used forthe production of adhesives, gelatin, fatliquors and biodie&&tsdau,
Niculescu, Stepan, Taloi and Filipescu, 200@) attempts to use it as a tanning agent
have not been made. The oil was used in oil tanning to produce chamois leather. Oil
tanning is a traditional method that was used during the rantiires, the method
involvedthe impregnation of the skin with oil in filling stock and then allow oxidation

of oil to occur, with the products of the reaction having a tanning action. The
oxidation process was done by hanging the tanned material imast@ave for about

10-12 days. However, in the present study the leather was pretanned using
glutaraldehyde and then tanned using fleshing oil, this method of tanning reduced the
long oxidation periogKhan, 1997)

The oittanning process is based on the ottataof oil. These unsaturated free fatty
acids combine with oxygen to form oxidized form of fatty acids, aldehydes and
peroxides which effect the tanning action on the pelt. The actual nature of the tannage
is not known except for the following observatsp the unsaturation of the oll
decreases as the process progress, peroxy derivatives are formed, hydroxyl function
appears andcrolein is produce@Sharphouse, 1983he tannage is because of an
aldehydic reaction simc the procedure is joined by the release of acrolein,
CH.=CHCHO and polymerization of the oil, the availability of latter could represent
the diverse between the qualities of-aild aldehyddéanned leather. The acrolein
delivered amid oil tannage reactiocan be utilized as an item like aldehytdened
calfskin however it is not utilized because of the harmfulness by the implication as a
part of wood smoké_aughlin, 2011)

The leather is best known for properties of holding water, cleaning and drying washed
surface.This approach of oil tannage impacted se$s) stretchability, washability

and increased the thickness of the membrane. The thickness increased to a reasonable
degree due to shrinkage effect of oil tannage. Production cost was minimized since
fleshing, scudding, splitting and shaving operation eweot involved in the
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manufacture of leather. By tanning the ovine stomach into exotic chamois leather, the
overall value of the animal product was increased. These exotic chamois leather meets
the global demand for exotic leather which is highly valudte Teather processed

from this nonconventional source is suitable for manufacturing of fancy small leather
goods.

2. MATERIAL AND METHODS
2.1 Study site and samples preparations

Enough amounts of goat fleshings was collected from Sagana tannery. THe lime
fleshing was washed with water, delimed with ammonium sulphate. The delimed
fleshings were cut into small pieces and dried in an oven.

2.2 Extraction of fat

Soxhlet method was employed for the extraction of fat from the fleshing. Measured
guantity of tle dried fleshing sample was placed in a thimble inside soxhlet glass
chamber of the extractor. The extraction was carried out using the electrical manual.
The sample was dipped in the solvent. Exactly 10 grams of dried powder was taken
and petroleum ethevas used as the solvent. The entire extraction process was carried
out for approximately 8 hour¢Kaviani, Darjani, Tomovska, Mazandarani and
Shariati, 2015)

2.3 Oil analysis

The total fat content of goat fleshing was determined using A.O.A.C, 2005 method.
lodine value was analysed using Wijs method. Acid value was measured using AOAC
method. Free fagtacid content was determined by converting acid value to free fatty
acid content. Saponification value was also measured using an AOAC method.

2.4 Tanning

Table 7 : Procedure of tanning using fleshing oll

Process Chemids Amount (%) Time (hours) Remarks
Pickling Water 150 2 Theaphdjustec
to 3.2

Salt 10

Formic acid 0.8

Sulphuric acid 1
Pretanning  Glutaraldehyde 0.5 1 The pH was atiju
8.5

and the skin were pile fo

12 hours
Oil tanning Fleshing oil or 20 6 The skin wasnahjfi
drummed

Cod ail (control) along witHanilé hours
Alkali wash ~ Water 400 1 The leather washe
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times
Soda ash 0.25
Wetting agent 0.5

The leather was dyed, hooked to dry, toggled then snuffed and dedusted.

2.5 Leather analysis

The leather was condition usin§O 2419 test method. Physical properties such as
tensilestrength, elongation, tearing strength, colour rub fastness were analysed using
SLP 6. Organoleptic properties such sadtness, fullness, roundness, feel, colour
uniformity and colour intensity were tested.

3. RESULTS AND DISCUSSION
3.1 Determination fofat content and yield

The fat content of green and limed fleshing from goat skins were determined and
tabulated in Table 2. Petroleum ether was used as the solvent for fat extraction. It
could be observed that the green fleshing from goatskin had thenoraxat content

of 26.16 % while limed fleshing had lower fat content of 16.81%, animal fats contain
5-30% fat content suggesting that the obtained fleshing oil is in the range of literature
values(Ananthakrishnan, 1982)It is obvious that during liming process, the fat gets
saponified and hence loweriof fat content in the limed fleshing.

Table 8 : The amount of fat content in percentage of fleshing waste of each
species

Sample code Mass of fleshings (g) Mass of oil (g) Fat content %
GGhR 10.00 2.909 29.09
GGR 10.00 2.257 22.57

GGk 10.00 2.682 26.82
Average 10.00 2.616 26.16

GGhR 10.00 1.479 14.79
GGR 10.00 1.857 18.57
GGR 10.00 1.707 17.07
Average 10.00 1.681 16.81

It could be observed that green fleshing, which is devoid of any chemicals beald
suitable material for preparation of the product of higher quality. However, most of
the tanneries carry out only limed fleshing. Hence, it becomes necessary to clean the
limed fleshing devoid of chemicals, so that a quality product can be obtaiaedeH

in the present work, the limed fleshing was washedlinded and used for fat
extraction. The product obtained from green and limed fleshing are shown in Fig.1. It
could be observed that the both products showed similar colour properties.
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Figure 23: The extracted oil from green and limed fleshings

3.2 Saponification value

Saponification value of oil is a measure of the average molecular weight of the
triacylglycerol in a sampleThe smaller the saponification numbers thegda the
average molecular weight of the triacylglycerol presents i.e. Saponification value is
inversely proportional to the mean molecular weight of fatty acids was [@deom

and Edusei, 2015Saponification value of green and limed fatragted from goat
fleshings have been determined and tabulated in Table 3. The saponification value of
green fleshing GGfveragewas 192.40, limed fleshing Glberagewas 184.60 which is

in good agreement with the reported wo(Reda, 2014)The result shows that the
green fleshing oil has higher molecular weight than the limed fleshing oil. All results
fall underthe standard value that is 18492 (Severin and Xia, 2005)0Qils having
saponi fication v283 haee smadllex tmeleceles oand 1s8 @heir
penetration powers into the leather should be more, this in turn will improve the
softness propeytof the final leather

Table 9: Saponification value of fat extracted from goat fleshing waste

Sample code Mass of oil (g) Saponification value (mg KOH/g ¢
GGhR 2.00 193.07

GGR 2.00 186.27

GGR 2.00 197.87

Average 2.00 192.40

GLF 2.00 184.32

GLF 2.00 186.27

GLFs 2.00 183.20

Average 2.00 184.60

3.3 Acid value

Acid value of the green and limed fleshing from goat raw material were measured in
triplicate, the values are tabulated in Table 4. Acid value is a measure of rancidity. If
the values are high, the fat or oil will become more ranoil \ace versa. The acid
value of oil used for making tanning oil should be below 8.0 rfifigmas, 2012)It

is observed from the table that the average acid value for the oil extracted from green
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fleshing is 7.37 mg and that of limed fleshing is 6.08 mg/g. From the obtained result,
it is very clear that acid value of the extracted oil from the fleshing is less than 8.0
mg/g.

The % free fatty acid can be calculated based on acid value and the following
formulae was used and the values are tabulated in the above Table 4.

FFA = AV x 0.5(8

Table 10: Acid value and %FFA of fat extracted from goat fleshing waste

Sample code Mass of oil (g) Acid value(mg KOH/g oil) FFA %
GGH 2.00 7.17 3.61
GGk 2.00 7.16 3.60
GGk 2.00 ./B 3.91
Average 2.00 7.37 3.71

GLF: 2.00 6.09 3.06
GLR 2.00 6.12 3.08
GLF3 2.00 6.04 3.04
Average 2.00 6.08 3.06

3.4 lodine value

The main characteristics of oil from fleshing wastes that is required for preparing
tanning oil 5 the iodine value. The iodine value (V) gives a measure of the average
degree of unsaturation of a lipid: the higher the iodine value, the greater the number of
C=C double bonds. Table 5. shows the determined iodine value of fleshing oil. A low
iodine nunber shows that the fat has a low quantity of unsaturated fatty acid and vice
versa(Serrato, 1981)All the samples showed lower iodine value indicating that the
fat/oil had lower level of unsaturation. A low iodine number also indicates a high
melting point and soft lubricating value of the fleshing oil. The iodine value is used to
determine the degree of unsaturation of the fatty acids. Fats and oils are usually
classified, on the basis of their iodine value as drying oil 1281, semidrying ol

85-128 and nosdrying 8 129 (Dutta, 2008) All results are falling in the range of 65

73. Hence, based on the iodine values of extracted fleshing fat, they can be called
non- drying oils and all types of fat can be used for preparation of tanning @bglth

the one that has low iodine will require more time for tanning to take place than the
one with high iodine value. The chemical properties of the extracted fleshing oil are
summarized in Table 6.
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Table 11: lodine value of fat extracted from goat fleshing waste

Sample code Mass of oil (g) lodine Value
GGH 2.00 73.09
GGk 2.00 70.18
GGk 2.00 75.72
Average 2.00 73.00
GLF: 2.00 65.72
GLR 2.00 68.09
GLF3 2.00 63.81
Average 2.00 65.81

Table 12 Physio-chemical properties of extracted oil from goat fleshing

NO Characteristics Source of oil

GGF GLF
1. Colour Light yellow higlraw
2. Acid value 7.37 6.08
3. Free fatty acid % 3.71 3.08
4. Saponification value 192.40 184.60
5. lodine value 73.00 7 65.8

Comparison of the fleshing oil and cod liver oil chemical properties are given in table
7.

Table 13: Chemical properties of fleshing oil and cod liver oil

No. Chemical properties Fleshing oil Cod liver ail
1 Acid value i 8 107 13

2 Fatty acid content (%) T3 5

3 Saponification value 1883 199204

4 lodine value 6671 75 80120

3.5 Tanning

Developed oil from the goat skin fleshings was used in the process of oil tanning.
Three trials were carried out; control process using commercial cod ii@r.) the
developed oil was used alone)&nd the developed oil was used in combination with
the commercial cod liver oil g). From all the experiments, the leathers obtained had
similar properties. Especially, the leathers did not show any oilmeske surface.
Hence, it could be inferred that the oil was stable during leather processing and had
penetrated in to the leather matrix without any problem.
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Figure 24: Exotic chamois leather from the ovine stomach
3.6 Physicaproperties

Chamois leather absorbsb4times its weight of water, but the water absorbed depend
greatly on the porosity of the tanned leatf@Flaherty, Roddy and Lolla1965)
However, the exotic chamois leather from the ovine stomach showed poor water
absorption. The stomach was snuffed to try to improve the water absorption capacity
of the leather, but there was no increase in the amount of water absorption. The
thickness of the ovine stomach was raised to the order ofilB7mm. This thickness
achieved by the exotic chamois leather is suitable for fabricating small leather goods.
Table 8 shows comparison of the physical properties of chamois leather from the flesh
oil and cod liver.

Table 14: Physical properties of exotic chamois leather

Physical properties Fleshing oil tanned leather Cod liver oil tanne
leather

Thickness (mm) 10130 0:4.0
Tensile strength (N/mf) 16.00 17.25
Elongation at break (%) 127.5 127.30
Tearing srength 40.67 42.2

Colour rub fastness 3 3

From table 8, it can beeen that the physical properties of the exotic skin tanned by
fleshing oil gave property close to those tanned using cod liver oil. The percentage
elongation at break of chamois leather lies in the range of 1B8% (Herfeld and
Konigfeld, 1963) The values ranged from 1:228% in case of grain chamois leather
from the oil tanned ovine stomach. The results of physical tests were poor compared
to the grain leather ake composition of raw outer coverings of animals and their
stomachs are different.

3.7 Organoleptic properties

The softness properties of chamois exotic leather from fleshing oil and cod liver oil
was similar. Fleshing oil tanned leather has betteuodoan cod liver oil tanned
leather. Other organoleptic properties such as fullness, roundness, appearance and feel
were similar.
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Table 15: Organoleptic properties of fleshing oil and cod live oil tanned leather

Organoleptic properties Fleshing oil tanned leather Cod liver oi
tanned leather

Softness T8 iB

Colour (K] 718

Appearance 8 8

Odour B %

On a 10point s@le, 0 = poor, 10 = excellent. The result was average results.

4. CONCLUSION

This study shows that fleshing oil could find an application in processing chamois
leather. Physical and organoleptic properties of fleshing oil tanned leather were
similar to ttose of cod oil tanned leather. All of the parameters fulfilled the quality
standard required. This study also produced new variety of exotic grain leather from
the ovine stomach.
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ABSTRACT

The increasing economic growth in Kenya has encouraged the growth of the leather
and leather products sector. Kenya in its loggn vision to become an industriakize
middle-income country by 2030, has identified the key role that the leather and leather
products sector will play.There is a growing number of SMEs engaged in leather
goods and footwear manufacturing around the country. A large number is involved in
footwear manufacturing. This has been encouraged by local demand for affordable
footwear. Even though production of leather footwear in the informal industry has
increased over the years, the countryos |
national ad international level. The market share of the SME produced footwear has
been attributed to the low quality of the products.A survey was carried out on the
guality of leather shoes produced by SMEs in Kariokor market, Nairobi. Data was
collected from 20 rgpondents who constituted owners and managers of footwear
workshops to ascertain if they have adopted the use of quality standards in their shoe
fabrication and if their products conform to laid down quality standards. The data was
collected using simpleandom sampling method and analysed using Microsoft excel.
The findings showed that none of the SMEs had adopted the use of quality standards
and none of them had adopted Kenya Bureau of Standards (KEBs) standards. As a
consequence, there was no mechani$nensuring and maintaining conformity to
footwear quality. It was therefore difficult to ascertain the quality of the shoes
produced. This study recommends increased sensitization of SMEs on the importance
of quality standards and quality manufacturinggeures in shoe fabrication for each

type of footwear. In addition, KEBs should ensure its stakeholders adhere to set
quality.

Key words: Footwear, Quality standards, SMEs, KEBs
INTRODUCTION

Kenya has embraced the goal of industrialization of transforiegstructure of

economy into a newly industrialized country by 2030(Government of Kenya, 2002a).

In order to achieve this, its leather sector has been identified as a key driver towards
achievement of Kenyabs vision 2@&®her( Gover
footwear subsector offers an important opportunity for industrialization since the
country has a unique comparative advantage in terms of availability of raw hides and
skins required for the footwear sector (World Bank Group, 2015).

The Kenyan leattr footwear industry is still young and developing comprising of the
informal and formal sector. However, this industry is largely dominated by firms that

target the domestic market through the artisanal production system (Mudungwe and
Nicholas,2012).Even though production of footwear in the informal industry has
increased over the years, the countryods |
national and international levels, as it still seems to have unmet potential (Kinyua,
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2014) . K e n yaat dostwearrsec®r isvnowb choked Hdyeap imports from
abroad which have significant share of the domestic market and the leather shoe
industry is facing stiff competition from china and others (Okello, 20A@hough
Kenyads abil ity letatler footwear iadustsyus enersosd aslit
produces huge amounts of hides and skins, the success of the footwear industry
largely depends on quality of the shoe which unfortunately has been of great concern
since the market share of the SME producedweat has been attributed to the low
quality of the products anahost of the import shoes have attracted the local market
(Muchie, 2000)

In fact, theseconehand market accounts for around 63% of footwear sold in Kenya.

As a result, there is intense competi among the leather footwear industry players
with emphasis | aid on production of qgual
satisfaction and be able to compete in the domestic and foreign market (Mwinyihija,
2014).

Research has shown that low pribegh quality and attractive designs are strategies
used by foreign competitors to influence the domestic footwear producers (katende
Magezi, 2017). The domestic producers however, have considered competitive
pressure from imports as an opportunity to invgrgerformance. The toughness of
the import competition can lead the domestic producers to upgrade quality.

Product quality is the most critical element for market success (Devaraj, Matta and
Conlon, 2001).The quality of footwear is an important propeegd is evaluated

based on whether the shoe meets set standards because a good quality shoe should
meet the minimum quality requirements for it to compete favourably in the market
(Goonetilleke,2001).1t is against this background that this study provides a
understanding of how the quality of the locally produced footwear has influenced
domestic market access for the import shoes.

Footwear quality parameters

A good quality shoe has to certify certain minimum quality requirements. It has to
meet the requiraents set by quality regulatory bodies. Such requirements include the
chemical and physical properties of the shoes which include: Quality of raw materials
and suitability of the materials for the product, quality of footwear accessories, quality
of cutting patterns and lasting, quality of skiving and stitching, quality of sole
attachment/ sole adhesion, finishing of the shoe, suitability of lining materials to its
purpose, suitability of the insole, chemical composition of the shoe (presence of
hexavalentchromium) and fit for purpose( Motawi, 2017). Based on the quality of
raw materials in the case of leather footwear, a good quality shoe is required to certify
the following physical parameters; tensile strength, tear strength, flex endurance,
thickness bthe sole, insole and upper material, adhesion of the sole, sole hardness,
specific gravity of the sole etc. failure to certify these requirements implies that the
shoe does not conform to quality( Footwear Distributors and Retailers of America,
2014)

RESEARCH METHODOLOGY
Population

In this study, the informal footwear industry was the population whereby the key
respondents were footwear artisans in Kariokor market, Nairobi
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Primary data collection

The researcher used field survey to collect the datd fos analysis. To carry out the
study, simple random sampling technique was employed to collect data (Creswell,
2009) The study targeted small and medium enterprises in the leather footwear at
Kariokor market. The chosen firms were leather footweasars in Kariokor market.

The data was collected in form of questionnaires. During the sampling process, 20
guestionnaires were administered whereby the key respondents were interviewed.

Secondary data collection

The secondary data was taken through puétisind unpublished bibliographies,
academic journals, conference proceedings, government reports and related studies.

RESULTS AND DISCUSSION
Characteristics of the respondents and footwear production in kariokor

The study sought information from the owsmeof the leather footwear production
units and the producers of footwear in kariokor market. Questionnaires were
developed to assess the quality of shoes produced by SMEs in Kariokor market,
Nairobi. In accordance with the objectives of the researchjdte was collected in

six major thematic areas namely;

Education on leather related course; Raw material and production; quality tests, and
Adoption and use of quality standards by SMEs. It was important to investigate the
abovementioned characteristicetause the previous studies have highlighted them
as crucial in determining the quality of a shoes (Okello, 2010)

Training in leather related course (owners and managers)

Based on training in leather technology, 20% of the owners/ managers had acquired
training in craft level certificate in leather related field at KLD@ajority of them

had attained short courses on leather so as to understand its basics after their first
degrees or diploma in other course while others had worked with BATA shoe
company andhad acquired the training through on job training. However, as shown in
table 1, majority of the respondents (85%) had not attained training in leather related
field. This implies that majority of the owners of leather footwear units had not
acquired addional training skills on leather technology and shoe fabrication to
enhance production and quality of the shoes.

Table 16: Education in leather related courses

Training in leather related course Frequency Percentage
Degree ineather related course 0 0

Diploma in leather related course 1 5

Craft in leather related course 2 10

No training in leather related course 17 85

Total 20 100
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Main raw materials and sources of local leather

From the respondents, it was notedttleather and PVC still remain the main raw
material used in the production of shoes. From the 20 units studied, 100% rely on the
local leather as their main raw material as shown in figure 1. Additionally, the main
sources of leather included Aziz tanypekeather Industries of Kenya and Industrial
area. The findings from the study indicated that most of producers use tannery
0rejectsd in form of wet blue to produce
are therefore of poor quality. They therefbimve a direct effect on the overall quality

of the end product. The study also showed that leather material and other accessories
are not subjected to quality testing before use. As discussed earlier in literature, the
quality of the materials used detenas the quality of the end product (Devaraj, Matta

and Conlon). It was noted that the producers sought for poor quality leather because it
is cheap and affordable.

Raw materials
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Upper Leather Synthetic Sole PVC Rubber
material

Figure 25:Main raw materials for footwear manufacture
Footwear quality parameters

Based on assessment of the quality tests and quality conformity of the shoes, it was
discovered that all the firms do not subject their products to quality testing and they
have no laiebut standard of ensuringiglity is achieved and maintained. In fact, none

of the respondents was aware of the potential of formation of hexavalent chromium in
a shoe. According to table 2, none of them had the skills on how to perform quality
testing and none of them had KEBS drdtion. It was therefore difficult to ascertain

the quality of the shoes produced. The products from such said firms do not under go
any quality testing and they do not certify any quality test once produced making
them difficult to compete with othehses both in the local or foreign markets.
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Table17: Footwear Quality Parameters

Quality Test Frequency Percentage
Test for fit 0 0
Tensile strength (leather) 0 0
Flex endurance (leather) 0 0
PH of leather 0 0
Thickness: leather, sole, lining, insole 0 0
Sole adhesion (PVC) 0 0
Sole hardness (PVC) 0 0
Specific gravity (PVC) 0 0
No quality tests 20 100
Total 20 100

Awareness of, adoption and use of footwear standardsSO and KEBS
satisfaction

In trying to further understand the quality of shoes, the study sought to assess the
adoption and use of quality standards by footwear producers in Kariokor market.

From the respondents in table 3, 25% were aware of the quality standards. However,
none of them had adtgd the standards. Lack of conformity to quality standards was

the key reason why most SMEs cannot attract international market. This could be seen
as the main reason as to why most of the Kenyan leather footwear SMEs cannot
attract international markethis could also be the reason why the local consumers
prefer second hand shoes at the expense of the locally manufactured shoe (Okello,
2010).

Table 18 Adoption and use of Footwear Quality Standards

Characteristics of Respondents Frequency Percentage
Aware of existing quality standards 4 25

Aware and adopted existing quality standards 0 0

Aware, adopted and conform to quality standards 0 0

Not aware, not adopted, not conform to quality 16 75
standards

Total 20 100

KEBS and ISO certification
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This study established, none of the firms was ISO certified and none of them had
KEBs certificate. As shown in table 4, the study also revealed that most of the SMEs
in Kariokor, did not have certificates of quality conformityprh any established
organization. It was established that 100% of the firms did not have such said
certification. According to the respondents, it was expensive to acquire certification
from regulatory bodies since their businesses did not have high.yieldsldition,

some of the respondents did not see the necessity for certification. Lack of KEBs
certification clearly indicates that their products do not conform to any quality
standards. It is my considered opinion therefore, that their products arkrdwn
standards.

Table19: KEBS and ISO Certification

Certificate Frequency Percentage
Have ISO certificate only 0 0

Have KEBS certificate only 0 0

Have both ISO and KEBS 0 0

Have no certificate at all 20 100

Total 20 100

Consumer complaints

From this study, majority of their consumers complain about poor quality of soles as
the soles wear out easily. Further study reveals that the duration of their soles takes
about 3 4 months. Some of them complain about poor soleesion which means

bond between the sole and upper material is weak. It was therefore discovered that
majority of the respondents use poor quality of adhesives in the attachment of the sole
and upper material. Others complain of shoes not fitting thremeply. All the above
complaints indicate that the overall quality of their shoes does not conform to quality

Table 20: Consumer complaints

Characteristic of Respondents Frequency Percentage

Il -fitting shoes 4 20

Non-durabe soles 11 55

Weak sole attachment 3 15

No complaints 2 10

Total 20 100

CONCLUSION

This study reveals that the | eather foot:

of quality standards and hence they have no mechanism of ensuring quality is
achieved and maintained. Lack of awareness was the main reason as to why the
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producers do not have quality standards. Lack of conformity to footwear quality was
found to be one of the significant variables that influence consumer preference and
choice In orderto withstand stiff competition in the market, firms should use quality
control standards to improve their products so as to attract more sales and to achieve
superior performance. Having KEBS certification is considered the best way to
achieve this. Withregard to human resource skills, it was noted that human resource
technical skills have significant effect on overall quality of the product. The artisans
need to be trained on basic shoe fabrication techniques. Availability of staff with these
necessarylsi | s may i nfluence a firmds decisio
Further research calls for laboratory analysis of the shoe samples to ascertain if they
meet the minimum required quality standards set by the regulatory bodies.
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Abstract

Water hyacinth plant is known to jam water bodies with thousands of tons of floating plant mattderito help

in its control, it is important to explore ways to create value in its products especially the ones that can find use in
water remediationOn the other hand rice husk is not waste anymore for its ash is rich in active silica. Thus, the
preent study determined the capacity and efficiency of water hyacinth ash, its insoluble residue, and rice husk ash
to remove lead ions and turbidity from contaminated water. Mixtures of the two ashes were used to prepare zeolitic
materials A and B by hydrothmal reactions. Material A was prepared using rice husk ash and the soluble
fraction of water hyacinth ash while for material B, a mixture of equal amounts the two ashes including the
insoluble residue of water hyacinth ash were used. The efficientye ohaterial was investigated by varying the

effect of initial lead ions concentration, pH, contact time, temperature and adsorbent dose. Adsorption data for lead
ions on rice husk ash, water hyacinth ash residue and materials A and B best fitted tharLaogieluand gave
adsorption capacities of 37.04, 83.33, 142.86 and 278.6 mg/g respectively while water hyacinth ash best fitted
Freundlich model and gave an adsorption capacity of 61.69 mg/g. The findings herein indicate that incorporating
the residue ofvater hyacinth ash in the synthesis of the zeolitic material enhances its adsorption capacity and
efficiency for lead ions and also imparts ability to remove turbidity.

Key words:Adsorptionlsotherms Heavy Metals, Water Remediation, Zeolite.

INTRODUCTION

In Kenya where the population is estimated to be about 40 million people, 43 percent (17.2 million) has
no access clean water. The major factors contributing to this water crisis include; rapid population
growth, recurrent droughts, forest degradatigmmor management of water supply and water
contamination. This water crisis may worsen as industrial development and population grows as
projected if drastic measures are not taken immediately. The rapid population growth both in rural and
urban areas hasressed the existing water supply systék@wrosmartyet al, 2000) This accompanied

by unsuitable water supply infrastructure has hindered access to water by the poor in many developing
countries(Rosegrant and Cai, 200ZJhere has been remarkable growth in light and informal (Jua
Kali) industries like textiles, leather, paper, plastics, electroplating, cement, metal processing, wood
preservatives, paints, pigments and steel fabrigatimustries Cheng, 2003) These industries
discharge large quantities of toxic wast€senet al, 2007) Recent studies in Kenya have shown that

the unregulated opesir mechanical workshops are significant sources of mobile and bioavailable
heavy metal contaminants (Chengbal, 2013a, b). Several studies suggest that among the heavy
metals, pollution associated with lead ions is of key concern in Kenya (Meiradi, 2013; Muindect

al., 2013; Nasiebandat al, 2014) and AfricaYoshinori et al, 2010;Akoto et al, 2008). More so
because lead is a n@ssential element and toxic evat very low levels of exposure. Even low doses

can impair the nervous system and affect fetus, infants and young chlldmerievel lead exposure

leads to encephalopathy, ischemic heart disease, abnormalities in children, testicular atrophy, anemia
and interstitial nephritis(Tong et al, 2000) The maximumallowed levels of lead ions in drinking
water i s c gleypnetdal, a008) Twihidity ig a key physical characteristic that expresses
wat eptiéakproperty to scatter and absorb rather than transmit light. This is caused by suspended
matter or impurities that may include clay, silt, microscopic inorganic and organic matter, soluble
colored compounds, plankton and other microscopic organisxegsgive turbidity in drinking water

is visually unpleasant and may also symbolize a health concern. Turbidity promotes growth of
pathogens in water systems leading to waterborne disease outbreaks. Although it is not a direct
indicator of health risk, manstudies have shown correlation between removal of turbidity and removal

of protozoa (Hersoet al, 1984;Gauthieret al, 2003).Several processes used to remove turbidity and
dissolved heavy metals include ion exchange, precipitation, ultra filtrawerse osmosis, electro
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dialysis and adsorption (Tchobanglous and Burton, 1991). Many of these approaches demand high
energy, advanced operational requirement or difficult to treat and do not enable recovery of metals or
material.

Water hyacinth is onefahe most stubborn weeds of the wofl@opal and Sharma, 1981)Vater
hyacinth infestations are symptoms of eutrophication. Indeed studies idawtified high
concentrations of nutrient in water as the overriding factor affecting growth parameters of water
hyacinth plants. Work done by Coetzeteal, 2007 established that the growth rate of water hyacinth
leaves and daughter plants at high comegions levels was more than double their production at low
concentrationsAt high nutrient levels, the plant promptly covers water bodies and surrounding marshy
regions at an average growth of one ton of dry matter per day per (eetime2001) Consequently

such colonized wetlands decline in the quantity and quality of water they pi\Wiisien et al., 2005)

This affects aquatic ecosystems health and the biodiversity of the waterGodadieldet al, 2007)

Due to increased contamination of the already scarce clean water, there is need to explore ways of
developing relatively simple andheap water filtration materials that can be used at household level for

its remediation. In an attempt to develop cheap adsorbents using water hyacinth as one of the raw
material as a means of aiding incurbing or putting it under maintained controleenpwork aimed

at developing adsorbents from water hyacinth and rice husk waste. Indeed findings herein suggest that
water hyacinth and rice husk waste can be used as raw materials for synthesizing adsorbent materials
for heavy metal removal from contamaited water. This work was done between the months of October
2012 to September 2013 at Kenyatta University, Chemistry department, research laboratory.

MATERIALS AND METHODS

Chemicals: The stock solutions of lead with a concentrationof 1000 mg/L were prepared by
dissolving1.600g lead nitratein 1000 mL distilled waterin volumetric flask. The solutionwasthen
diluted to obtain standardsolutionscontaining0.1 mg/L, 0.2 mg/L, 0.4 mg/L, 0.8 mg/L, 1.6 mg/L 3.2
mg/L. Nitric acid and sodium hydroxide solutions were used in allexperimentgo adjustpH of the
solution.

Rice husk ash, water hyacinth ash and water hyacinth ash residue preparationater hyacinth
plants were obtained from Nairobi daihey were then transported to the laboratory where trerg w
extensively washed with tap water to remove soil and dust, sliced into pietelsen air dried for one
week using a procedure already documentefKioyatrachueet al,, 2004) Ashing was done using an
oven at a temperature of 950 for 5 hours. The resulting ash was mixed to obtain a composite water
hyacinth ash, WHA. Samples were sieved to obtain particles ofahe size. Water hyacinth ash
residue, WHAR was obtained after 50 g of water hyacinth ash were dissolved in 266 distilled

water, shaken for five minutes and allowed to settle. Filtration was done using Whatman No.1 filter
paper and the residue wamsdried for five hours. Rice husks were provided by Euros rice millers in
Kirinyaga County, Mwea west district. They were then washed several times with distilled water to
remove soil and dust, followed by filtration and then dried at 100 °C. The cldairanice husks were
burnt in an oven at 500 °C for 3 hours to obtain rice husk ash, RHA.

Potassium hydroxide solution:1M potassium hydroxide was generated from water hyacinth ash by
dissolving 50 g of WHA and filtering off the residuitration expennents were done to determine the
concentration of the alkaline solution using 0.1M hydrochloric acid.

Synthesis of zeolitic material, ZMA About 25 g of rice husk ash was put into a stainless steel
digestion bomb. A 250 mL potassium hydroxide solution a@dded to the ash. The bomb was closed
and introduced into a pfeeated oven at 200 °C for a period of 24 hrs. The contents were then allowed
to cool and filtered. The solid residue was then washed with distilled water to remove the excess alkali
and driedat 105 °C for 12 hrs. The solid residue was designated as ZMA.

Preparation of zeolitic material B, ZMB: For the preparation of ZMB, 50 g of rice husk ash and 50 g

of water hyacinth ash were put in a digestion bomb and 250 mL of distilled water addedrtixture.

The bomb was put in a pteeated oven at 20T for 12 hoursThe resultant solid was washed with hot
distilled water to remove the excess alkali and then dried at 105 °C for 12 hrs. The sample was
designated as ZMB.

Instrumentation: Lead conentrations in the various solutions were determined using atomic
absorption spectrophotometer model AAS 4141, ECIL, India at wave length 283.3 nm in flame mode
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using airacetylene flame. The pH meter, model PHEP, Hanna instrument, Italy, was used tiundhis s
between pH rangesI2 at a temperature of 22C. Turbid meter, model 2100P (HACH) was used to
determine the turbidity of water. The concentration of th& Rlas assayed in triplicates by use of an
AAS with air-acetylene flame. The accuracy of thetrument was checked by triplication of samples.

A series of standards were prepared for instrumental calibration by serial dilution of a working solution
(100 mg/L) they were prepared from analytical grade stock solution (1000 mg/L) from Alpha Chemika
and S.D. Fine chem ltd. A standard and blank sample was run after every seven samples to check
instrumental drift. Calibration curve method was used to quantify the heavy metal concentration.

Batch experiments: In the batch experiments waterbath tempeature controlled shaker (DKZ
NO.1007827) was used for the batch adsorption study. The experiments were performed at a constant
shaking speed. For each experimental run, 50 mL aqueous solution of the known concentration of lead
solution was taken in 120 lnplastic bottles containing a known mass of the adsorbent. These bottles
were agitated at a constant shaking rate of 150 rpm in a temperatur€e@f@% g of RHA, ZMA,

ZMB, WHA and WHAR were used for adsorption of?PiTriplicate solutions and 100 mgPk**ion

solutions was mixed with 0.1 g of adsorbent and shaken for 24 hours at a temperaturéCof 25
centrifuged and filtered. The concentrations of*Rbns in the resultant filtrates were measured using
flame atomic absorption spectrometry. The amoand percentage of Pbions adsorbed were
calculated using the equation 1 and 2 respectively

e:u‘_'o— cel Vo= (1)
R =100 ===)— 2)
Where, ge= Amouwnt of metal ion removed at equilibrium

Co =Initial concentration of sorbate

Ce= Concentration of sorbate at equilibrium
m = mass of adsorbent used

V = volume of solution used

Effect of adsorbent dosageThe effect of adsorbent dosage on the percentagdrdfons adsorbed

was investigated by agitatingt?’* solutions at various dosages ranging from 0.02 to 226 fixed

contact time, initial metal ion concentration and.pHitial concentrations of the aqueous metal
solution of Pk?* were kept constant a0 mg/L for WHA, RHA and ZMA and 100 mg/L for WHAR

and ZMB. The initial pH of each metal ion solutions was adjusted to its respective optimum pH. The
experiment was conducted in triplicates and agitated for 2 hrs on the water bath shaker. At the end of
the contact time, the samples were centrifuged and filtered using Whatman No.Pkénd
concentrations of the filtrates determined using flame atomic adsorption spectrometry.

Effect of contact time: The percentage ¢¥?* ionsadsorbed at various contaaht was investigated
using50 mL of 10 mg/L sample solutions in eight plastic bottles. 0.1 g of WHA, RHA and ZMA were
added to each bottle. The concentrations were adjusted to 100 mg/L for WHAR and ZMB. The pH of
the sample solutions were adjusted to 5. bhtles were shaken at 120 rpm for times ranging from
1min to 24 hrs. The solutions were then filtered and the filtrates were subjected to atomic absorption to
record the absorbance of lead and determine concentration$ afrizb

Effect of initial concentration of Pl?*ions: The effect of initial concentration d?l*ions on the
percentage oP?*adsorbed was investigated by agitating 50 mL samples of leads solutions of 10 mg/L
in 120 mL plastic bottles with 0.1 g of ZMA,WHA and RHA adsorbents in &emzath shaker at 26.

PE?* ion concentrations weradjusted to 100 mg/L for WHAR and ZMB he contact time was kept
constant at 2 hours and initial pH of solution set at 5 using sodium hydroxide solution and nitric acid.
Samples were withdrawn after urs, filtered using Whatman No. 1 and measuredPigt ion
concentrations. All tests were conducted in triplicate.

Effect of pH: The effect of pH on the percentageRif* ionsadsorbed was studied by varying the pH

from 2 to 12. The adjustments werendousing concentrated nitric acid and concentrated sodium
hydroxide solution. 0.1 g of RHA, WHA and ZMB were added to 50 mL aqueous solutions containing

10 mg/L lead ions. The concentrations of lead solutions wdjested to 100 mg/L for WHAR and

ZMB. All tests were conducted in triplicates.

The samples were agitated using the water shaker at constant speed of 150 rpm and contact time of 2
hours. At the end of the contact time, the samples were filtered using Whatman No.1 and the
concentrations dPk?*ions in the filtrates determined using flame atomic absorption spectrometry.
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Suspended particles in water:Turbid water was prepared by adding clay materials to tap water.
About 25 g of the clay materials was added to 1 litre of tap water. The suspensistirvea for about

1 hour to achieve a uniform dispersion of clay particles. Then it was allowed to settle for at least 24
hours for complete hydration of the clay materidie effect of doses of WHA, RHA, WHAR, ZMA

and ZMB was investigated by agitati®® mL of turbid water with 0.1, 0.2, 0.3, 0.4, and 0.5 g of
adsorbents for 2 hrs. The solution was then filtered using Whatman No. 1 filter paper and turbidity of
the filtrate determined using a turbid meter. All these studies were conducted at roonateraserd

at a constant speed of 150 rpm.

RESULTS AND DISCUSSION

Characterization of Materials: The XRD scattering pattern &MA is shown in figure 1 and its
subsequent theoretical phase chemical composition given in table 1. As shown, all the zeolites
contained aluminosilicates minerals similar to those of naturally occurring zeolites. ZMA which was
synthesized from RHA and the soluble part of WHA gave phase matches shown in table 1. The
matches indicate that the material comprises of a zeolite frarkemvainly neutralized by Fe ions

along Mg and Ca ions. This agrees wWKIRF data ofZMA presented in table 2. As shown the
percentage oxides in descending order were, $i60;, AlOs KO, CaO, TiQ and MgO at 75,

10.45, 7.8, 3.3, 1.1, 1.3 and 0.45 % casipon respectivelyFig 2 shows the&XRD scattering pattern

of ZMB which was synthesized from RHA and WHA including the insoluble portion. The pattern was
almost identical to the one for ZMA suggesting that the structures were very similar. However, phase
matches indicated that the material comprises of a zeolite framework mainly neutralized by Mg and Ca
ions. In addition phase matches of aluminum phosphate and iron silicide were obtained as shown in
table 3. This concurs well wittKRF data ofthe percentge oxides in descending percentage
composition of 76.22, 10.52, 4.63, 2.7, 2.08, 2.01, 1.76 and 0.04 % farA$iOs, P.Os, K20, MgO,

Fe0s;, CaO and TiQrespectively as indicated in table 4.

Effects of initial metal concentration: Figure 3 shows how thpercentage of Pbions adsorbed at
saturation varied as the initial concentrations were varied from 10 to 100 mg/L for RHA and ZMA and
100 to 500 mg/L for WHA, WHAR and ZMB when 0.1 g of adsorbents were used under same
conditions.Variation of the inital concentration from 100 to 500 mg/L decreased the % removal by
ZMB from 99+12.6 to 75+£9.6 %. The percentage removal by WHAR increased as the concentration
increased from 100 mg/L to 300 mg/L. Further increase in concentration decreased the percentage
removal to 99.2+0.6 % at 500 mg/L. The high and gradual increase in the percentage removal of lead
ions as initial concentration increases for WHAR suggest it has large number of active sites and
equilibrium constant,Keg than the others. The decrease iaths that saturation of active adsorption
sites occurs at initial concentration levels of above 300 mg/L. The percentage removal of lead ions by
WHA remained unchanged as initial concentrations were increased to 500 mg/L.
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Figure 1. XRD scattering pattern for material ZMA

Table 1. Phase matches for XRD scattering pattern of material ZMA

Phase name Mineral % content
Magnesioferrite Aluminosilicate 83.48915
Iron silicon oxide Aluminosilicate 4.704745
Magnesium Iron AluminiumOxide Aluminosilicate 9.212560

Zeolite 4A Aluminosilicate 2.593544




Table 1. XRF percentage oxides data of material ZMA

Compound Al,O3 SiO, K20 CaO TiO, MgO Fe0Os
% oxide 7.8% 75% 3.3% 1.1% 1.3% 0.45% 10.45%
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Figure 3. The percentage removal of Pb (ll) at saturation using 0.1g of water hyacinth ash, rice husk ash
and zeolite at \arious initial concentrations (amount of biosorbent = 0.1 g, contact time = 24 hours and

agitation speed = 120rpm)
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Figure 4. Effect of temperature on the removal of Pb (ll) by water hyacinth ash, rice husk ash and zeolite
(initial solution concentration = 10 mg/L for RHA, WHA and ZMA and 100mg/L for WHAR and ZMB,
amount of biosorbent = 0.1 g and contact time = 120 min agitation speed = 120rpm)
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of 120min at 120rpm, Temperature 25C for WHAR, RHA, ZMA and ZMB

However, sice WHA contains 35.8+0.1 %R, it is possible that precipitation &t?* ions at the

higher pH contributed to the high percentage removal. The percentage rem&@! @bns by rice

husk ash reduced drastically from 93+12.8 to 65+8.9 % as concentirati@eased from 10 mg/L to

100 mg/L. In ZMA, a gradual decrease of percentage removal as initial concentration was varied from
10, 25, 50, 75 and 100mg/L was observed. The decrease is so gradual that variation of initial
concentrations from 10 to 75 (7Y% #9) corresponds to a decrease in percentage removal from about
75+3.1 % to about 71+2.9 %, indicating that all the number of binding sites decreased with increase in
concentration of th@?* ions.

Effects of temperature: The variations of percentage rewal of lead ions adsorbed by WHA,
WHAR, RHA, ZMA and ZMB were investigated as a function of temperature and the observations
summarized in figure 4. The experiments were done at temperatures of 25, 50, 75, 100 and 125 °C
using doses of 0.1 g / 50 mL, pH ®and initial concentrations of 10 mg/L for RHA, WHA and ZMA

while initial concentration of 100 mg/L was used for WHAR and ZMB. The percentage removal of
PI?* ions by water hyacinth ash residual, WHAR increased from 97.00+0.61 % to 99.30+0.63 % when
thetemperature was increased from 50 to 125 °C. Percentage removal of lead ions by RHA increased
from 90.0145.27 % to 95.25+5.57 % when the temperature was increased from 25 to 75 °C. Thereafter,
the concentration of lead ions removed by RHA decreased Y8891 %. This implies that at
temperatures above 75 °C, tRd®* ions possess sufficient energy to overcome the enthalpy of
adsorption on RHA. PercentagesRif* ions removed by ZMA gradual decreased from 96.56+2.44 to
58.78+1.49 % when the temperatwes increased from 25 to 100 °C suggesting that the ions are
weakly held. The percentage removaPif* ions by ZMB and WHA remained constant with increase

in temperature suggesting that ZMB and WHPA?* adsorption was not affected by increase in
tempeature.

Effect of adsorbent dosage:Figure 5 shows how the percentage removaPb¥ ions varied as
adsorbent doses were increased from 0.02 to 2.5 g. The experiments were done at pH of 6, agitation
period of 120 min at 120 rpm and initial metal ion camtcation of 10 mg/L for RHA, WHA and ZMA

and 100 mg/L for WHAR and ZMB. The results showed that as the adsorbent doses were increased, the
percentage removal dP?* ions increased for all the five adsorbents. A gradual increment in
percentage removal &0 mg/L metal ion concentration by RHA was recorded as doses were increased
from 0.1 to 0.5 g and a steeper one between 0.5 to 1 g. This plateaued between 1 and 2 g and decreased
at 2.5 g. Reduction in capacity is due to overlapping of adsorption sitegeaslt of overcrowding of
adsorbent particles as reported by Tuetial., 2008leading to a concentration gradient between solute
concentration in the solution and the solute concentration in the surface of the sorbent. Moreover, a
high adsorbent dosage could impose a screening effect on the dense outer layer of therebys,
shielding the binding sites from metalBishnoi et al, 2004) For ZMA, a gradual increase in
percentage removal &f** ions was recorded at 0.1chd.5 g and a steeper one beyond 1.5 g. There
was no significant change in the amount of lead ions adsorbed as the doses of WHA was increased. A
rapid increments in the percentage removaPf ions by ZMB and WHAR were observed as their
doses were incesed from 0.02 g to 0.06 g and then remained constant beyond 0.1 g. The initial

111



increment in percentage adsorption with increments in adsorbent dosage was due to increments in
available adsorption sites for metal attachn{@idel et al, 2007)

Effect of contact time: The variations of percentage removal RIf?* ions as contact time was
increased to 24 hours as represented in Fi§ufihe percentage of the adsorlf#* ions increased as

the time increased similar to literature repgeenaet al, 2005) RHA showed gradual incrementof
adsorbed?*ionsin the first 30 min followed by a rapid metal ion adsorption for the first 60 min. This
was followed by a gradual demse beyond 60min and remained constant beyond 150 min. The
percentage removal by WHAR and ZMB remained constant beyond 30 and 15 min respectively. The
fast adsorption at the initial stage was probably due to the initial concentration gradient between the
adsorbate in solution and the number of vacant sites available on the surface at the beginning. The
progressive increase in adsorption and consequently the attainment of equilibrium was due to limited
mass transfer of the adsorbate molecules from theliouiikl to the external surface of the adsorbents.

Effects of pH: The effects of pH on the percentage removaPIlgf ions by the various adsorbents are
represented in figure 7.

As observed from figure, RHA performs its best between gHat percent remal of close to 100.

ZMA gave best percentage removals of&83 % at pH values of between 4 and 9 while WHA
performed best above pH values 4. The percentage remoR&t*abnsby WHAR and ZMB remained

fairly constant as the PH was increased from 2 tavitl2 percentage removal of close to 100.00+£0.01

%. At low pH ( < 4), there was excessive protonation of the active sites at the adsorbents surface and
this hinders the formation of bonds betwétr* ionsand the active site.Ufther increase in pH above

4 led to decreased adsorption RI* ions by ZMA and RHA. At pH 79, removal of the lead ions
remained almost constant in all the five adsorbekitsnoderate pH values, linked*ht released from

the active sites and adsorbed amount of metal ions is fouindreaseGenerally, metal ions are more
soluble at lower pH values and this enhances their adsorption as observed (Oddyahk£009).
Removal of metal ions at higher pH values could be attributed to the formation of their hydroxides
which resultsin precipitates, this is consistent with the observation of keisal, 2004. Therefore,
removal of P?* ions at higher pH values may be due to the formation of precipitates rather than
adsorption.(Patnukaoet al, 2008) concluded that adsorption experiments RI¥* ions are better
performed at moderate pH to avoid precipitate fdioma Decrease in adsorption at higher pH (> 7) is
associated to the formation of soluble hydroxyl compléxesidaet al, 2007)

Percentage removal b suspended particles: The percentage of turbidity removed in different
adsorbent dosages by water hyacinth ash residue, rice husk ash water hyacinth ash and ZMB, in
different dosages is described in Figure above. The highest removal was indicatedbenadsmage

0.5 g water hyacinth ash residue with removal efficiency of 95.0+2.1 %,0.5 g ZMB with removal
efficiency of 96.0+2.2 %, 2.5 g, rice husk ash with removal efficiency of 83.0+1.9 % and 2.5 g water
hyacinth ash with removal efficiency of 86.0+20 while the minimum removal was 0.0+0.0%
recorded at 0.1g and 0.5 g rice husk ash,61.0 +2.8 % at 0.1g water hyacinth ash residue, 21.0+0.9 % at
0.1 g ZMB and 23.0+0.5 % at 0.5 g water hyacinth ash. The removal efficiency remained fairly
constant when thedaorbent dosage was increased above 0.4 g ZMB, 0.4 g water hyacinth ash, 2.0 g
rice husk ash and 2.0 g water hyacinth ash.

Adsorption isotherms: The data obtained from the batch adsorption experiments were fitted to
Langmuirand Freundlich isotherms atcanstant temperature of 25 °C and importaetrmodynamic

data obtained as shown in TaBle

As implied byR? values of 0.997,1, 0.996 and 0.983 and 1/n values of less than one for RHA, WHAR,

ZMA and ZMB respectivelythe data best fits intdcangmuir isotherm model This indicates a

monolayer sorption onto adsorbent surfaces that contain finite number of identical activ@lstes

adsorption capacities of the adsorbentsaxwere 37.040.18 278.6@3.66 83.33:0.86 and
142.86:1.48mg/g for RHA, WHAR, ZMAand ZMB respectively. WHAR gave the highest adsorption

capacity of 278.63.66 mg/g, a value close to the one reported for nanocrystalline zeolite of 270.27

mg/g (Muhammad and Munawar, 2007). This is despite that it contains 54.8 % of CaO which is likely

to cause water hardness. ZMA had an adsorption capacity of 83.33 mg/g, a value higher than the one
obtained for natural zeolite tuff in single and binary systems of 68 mg/g (\Waab, 2008) and
montmorillonitetlillite type clay of about 52 mg/ c
capacity of ZMB was found to be 14218648 mg/g which is about twice the value reported for natural

zeolite. This value is much higher than most values tegdior biesorbents (Saueprasearstt al,

2010) and activated carbon (Lalhruaitluamgal, 2009) The adsorption data for WHA best fitted into

Freundlich isotherm as indicated by tieRa | ue o f 0.772 wversus Langmuit
adsorption cpacity, K, and 1/n values were 618981 mg/g and 3.780.05 respectively. The 1/n
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value of greater than 1 indicates cooperative adsorption thus supporting that precipit@dnafs
at basic conditions brought about by WHA may be contributing tciitation ofP?*ions

Conclusion

This study shows that WHA and RHA can be used to produce zeolitic materials which are good
adsorbents foP?* and suspended particles removal from water. Biosorption in RHA, WHAR, ZMA
and ZMB are best described by nadayer Langmuir isotherm model WHAR and ZMB gave the
highest gmax of 278#3.66 mg/g and 142.861.48 mg/g respectively. These findings imply that
incorporating the water hyacinth ash residue into the zeolitic material enhances adsorptdnook
andalso imparts ability to remove turbidity.
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ETI

Microplastic in the environment - sources and recycling technologies
Herzog, T. M.*, Langat, K. H. and Dimitrov V. K.

It is a simple experience of modern societies that plastic is an indispensable part of everyday
life.

Whereas plastic itself is neoxic, microorganisms are not able to break down plastic into a
cycle of maerials. The impact of plastic refuse on an organism when it decays into tiny
particles has yet to be established. But numerous studies showed considerable numbers of
microplastic particles in maritime and terrestrial environments.

Mostly the source of mioplastic is the lack of an effective waste management system but
also state of the art environmental technologies may liberate it, origin e.g. as component of
some sanitary products.

The authors give a statistically based insight to the problem and shwipler strategies to
overcome the problem. The simplest and most-effettive way of stemming the flow of
refuse into the oceans is obviousestrict consumption and increase the recycling Bi.
technical solutions by chemical design in fpmrishdle polymers during use and perishable
after use are sophisticated attempts as well.

Our latest R&D project work results promised us a renaissance of recycling technologies for
standard polyolefines and sustainable recirculation of postconsumer plasticofveechnical
polymers.

Accompanying research on life circle assessment showed that the ecological footprint of a
responsible, technically based daily life of an enlightened consumer is within the capacity of
our resources.

Key words
Microplastic, Reycling, Sustainability, Ecological Footprint
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Understanding movements of molecular shuttles driven by biomolecular
machines under external forces

Nitta, T
Applied Physicsi-aculty of EngineeringGifu University, Japan

Motor proteins, such as myosindakinesin, are biomolecular machines which drive muscle
contractions and intracellular transports, respectivdye to heir small size and
biocompatibility, integration of the motor proteinsiay offer a new way of powering
biosensorsLed by this expectin, secalled molecular shuttles driven by biomolecular
machines have been develop&tie external forces induced by thé&ectric field and fluid

flow are used for directing gliding movements of thigrotubules. However, mechanisms of
propulsion of moleular shuttles under external forces are not yet fully underskte, by
developing and using computer simulations, we are revealing mechanisms of the propulsion.
In our simulatios, microtubules, which are components of molecular shuttless modeled

as inextensible elastic rods. Time evolutions of conformations ofmiceotubuleswere
computed with a Brownian dynamics simulation. Kinesin motors were modeled as linear
springs. Once boundnotor headsvere assumed to move toward designated ends of the
microtubules. The microtubules were also subjected to external forc€he simulations
reproduced movements of the molecular shuttles driven by kinesin motors under external
forces, which validated our simulation methods. With using the simulations,ledetai
mechanisms of the propulsion has been revealed. Our results would provide insights on
interpreting experimental results on control of molecular shuttles.
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Contact Force Control of Flexible Manipulator Using Neuro Controller

Minoru Sasal’, Masato Hoda?, Waweru Njer?, Kojiro Matsushit& and Harrison
Ngetha&
Department oMechanical Engineerindg-aculty of Engineering,
Gifu University, 1 Yanagido, Gifu, 501193 Japan.
®Department oElectrical & ElectronicEngineering School of Engineering,
Dedan Kimathi University of Technology, P.O. Box 680100 Nyeri, Kenya.
*sasak@gifu-u.ac.jp

In this paper, we discuss a force control problem for a constrainelin&rféexible

arm. To solve the force control problem, we propose a simple boundary feedback
controller that consists of the bending moment at the root of the flexible arm and its
time derivative. In recent years, demands for reducing the weight of the robot arm are
increasing in order to realize high speed operation and energy saving. Asdlte rigi
decreases accordingly, the influence of the elastic deformation due to the flexibility of
the arm increases, so that the position error and the elastic vibration cannot be
ignored. Against such a background, researches on control of flexible mamipulat
have been actively conducted. Further, nursing robots and welfare robots because it
advanced the use of an environment which interact with people is required even
higher safety. Therefore, it is considered that control of contact force is necessary in
addition to positioning control for safely performing work on peoplghis paper, a

gain auto tuning neuro controller is designed for a force control problem of a
constrained onéink flexible arm. Numerical simulation is performed using FILT
(Fast Invesion of Laplace Transform) method that is hggeed numerical inverse
Laplace transform algorithm, and its control performance is examined and compared
with the fixed gain resultAf t er | earning rate dq = 0.1
times, the errofrom the target value was 0.088%, while the error with the target
value was 0.134% only with the fixed gain control law, the difference of about
0.046% was | was able to reduce it. From the above, it was confirmed that the control
system of the flexible ar using the neural auto gain tuning controller shown in this
research is effective.
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Abstract

Environmental awareness campaigns throughout the world have awakened interest
in exploring the potentiality of natural hgcellulosic fibers as reinforcements in
composite materialsmade of thermoplastics and thermoset matrides various
applications. Natural fibers like bamboo, coir, sisal, and rice husks are plenty in
Kenya and the rest of the world. Rice husk isvamtionally regarded as an agro
waste product having no use. Thus, it is often disposed by incineration, heaping, or
dumping in water bodies. In this present work, an attempt has been made to
develop polyester based composites using rice husk fibers (R&ifg), to
investigate the effect of fiber content and fiber size variation on flexural strengths
of the composites. Rice husks were milled and classified into three grades of
various sizes (small, medium, and large). Polyester resin and methyl ethyl ketone
peroxide (MEKP) catalyst were used as matrix. Composites were fabricated by
hand layup method and fiber content was varied in steps of 5% from 0% (lowest)
to 20% (highest). Sample specimens were sized from the cured composites for
flexural testing in accoahce with ASTM D79d10 standards. Flexural tests were
conducted at relative humidity of 65% and ambient temperature conditions of 23+2
°C. Analysis of variance (ANOVA) conducted at 5% level of significance showed
that both fiber size and fiber content urdhced the flexural properties of rice husk
fiber reinforced polyester composites.

Keywords: Rice husks, Fiber size, Fiber loading, Polyester resin, Flexural
strength
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1. INTRODUCTION

The utilization of synthetic fibers in the manufacture of thermoplastictlaermoset

based composite materials has been a common practice in manufacturing. This has
been regarded as an inevitable requirement for obtaining material characteristics
required in actual application such a longevity, high strength, ease of mareifactur
and light weight. Since early 1960s, interest had been awakened towards the quest for
stiffer, stronger, and lightweight materials for use in construction, transportation and
aerospace industrig&enechi, Linus, & Kayode, 2016) However, there is a more
pressing need for the utilization of ntoxic, biodegradable materials in the®21
century, to mininze environmental pollution caused by synthetic fibers. Researchers
have therefore plunged into the exploration of the feasibility of lignocellulosic fibers

to substitute synthetic fibers and inorganic substanosstals, normetals and alloys

- as reinfecements in compositg¥ang et al., 2004)Natural fibers are found to be
affordable, readily avlble and friendlier to the environment than synthetic fibers,
due to their nottoxicity and biodegradability. The fibers are obtained from plant
wastes and processed with polymeric matrices using methods such as hand layup,
compression molding and vacuubag molding, to produce composites. Typical
examples are polymdrased composites made from jute, hemp, kenaf, bamboo, saw
dust, sisal, banana, Sodom apple, eucalyptus, and rice husk fibers.

Rice husk is among the most promising and readily availableveagste product
around the globe. It is not only cheap, but also easy to process. The husks centain 75
90% organic matter, which include lignin, hemicellulose and cellu{@ska &
Samanta, 2015)n Kenya, rice husk producing regions are located in areas such as
Mwea in Kirinyaga county, and Ahero in Kisumu county. Conventionally, rice husk is
often regarded as an agn@ste product having no economic value. Thus, it is often
disposed by incineration, heaping, or dumping in water bodies. Alkaline treatment of
naturalfibers such as rice husks can improve thermal and mechanical characteristics
of the compositesSurata et al., 2014lso pointed out that optimal mechanical
strength of composites materials candbtained by adjusting fiber content proportion

in the composite.

Several researchers have examined different aspects of performance of composite
materials made of rice husk fibers and polymer matrisbdullah et al., 2016tudied

the effect of adding rice husk fibers of different proportions on mechanical
performance of highlensity polyethylene (HDPE). From their findings, compmssit

with fiber ratios of 10% and 15% gave best mechanical strength results. In
comparison with HDPE, all composites had lower elongation at break values. HDPE
content of 25% yielded the best proportional limit of 155 N.

In a work published byHameed, Prasanth, & Suseela, 20kd&rdness and flexural
properties of polyestdsased composites made of rice husk, rice husk ash and coconut
fibers were investigated. They found out that rice husk ash and coconut fibers had
better strength properties, making them suitable reinforcements for several structural
and nonstructural applications. The composite specimen sample with 5% rice husks,
1% coconut fiber, 5% rice husk ash and 89% polyester gave better flexural strength
results. The work did not examine the effect of fiber content on flexural
characteristicef the composites.

Joshi, Chaudhary, & Upreti, 20Xdudied thermeanechanical characteristics of rice
husk composites. Epoxy resin was used as the matrix material, and rice husks of
random sizes in the range of84mm were used as reinforcement at various weight
fractions. Results showed that epoxy resin had the highest ultimate strength values,
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which decreasd sharply upon addition of rice husks. As the fiber weight fraction was
increased from 0% to 20%, the ultimate flexural strength correspondingly decreased.
The effect of fiber size variation on mechanical strengths of the composite was
however not examirk

Prithivirajan, Jayabal, & Bharathjja 2015 examined the mechanical and
morphological characteristics of bmased composites made from rice husk and coir
pith particulates in epoxy matrix. Compression molding technique was used, and
particulate weight fraction was varied from 10% to 50%vas observed that adding

rice husk and coir particulates improved mechanical properties of the composites.
Unreinforced epoxy matrix recorded a flexural strength of 15 MPa. Cokepitly
composites recorded maximum flexural strength of 23 MPa at 3aftcydate
content. The hybrid composites yielded highest flexural strength of 37.9 MPa at 20%
rice husk and 20% coir content. It was deduced that hybridization ofnagte bie
particulates leads to improved synergetic properties of the composites.

Mechanical properties of rice husk ash and bamboo fiber in epoxy matrix were
evaluated bNarayana & Pai, 201@amboo fiber volume fraction was maintained at
50% while rice husk ash filler loading was varied in steps of 5% &#n(lowest) to

15% (highest). From the results, there was an increase in flexural strength, elastic
modulus, and impact strength of the composites with increase in filler content. It was
deduced that rice husk ash fills the air voids in the material, Hkigng in the
absorption of more energy and acting as a barrier to crack propagation throughout the
composite.

Chandramohan & Kumar, 20l1developed bieepoxy based hybrid composites
reinforced vith walnut shells, rice husks, and powdered coconut shell. Fiber
composition ratio of 1:1 was used, while resin to hardener proportion was 10:1.
Tensile, flexural, shear, and impact strengths of the fabricated specimens were
evaluated. Test results showttat hybrid composites had far superior mechanical
characteristics than fiber glass reinforced composites. Walnut and coconut shell
hybrid shell hybrid composite yielded the highest flexural strength of 14.5 MPa and
14.9 MPa in dry and wet conditions resfieely. Highest tensile strengths of 68.8 KN

and 69.5 KN for the hybrid composite with and without moisture respectively, were
also observed.

From the above review of past work, extensive research has been conducted on the
utility of polymerbased rice hsk composites in various applications by examining
properties such as shear, flexural, impact, hardness, and tensile strengths. However,
no definite focus has been directed towards investigating the effect of varying both
fiber loading and fiber size on éhmechanical characteristics of the composites.
Flexural strength is the ability of a material to withstand bending forces applied
normal to its longitudinal axid-una et al., 2015)When designing structures such as
seats, coffee tables, mirror, door and window frames, flexural stress analysis is
inevitable. Thus, this present work focused on fabrication of rice -poSlester
composites, and an investigation of the effect of fiber size and fiber content on the
flexural behavior of the composite test specimens.

2. METHODS
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2.1.Raw Materials, Tools and Equpment
The main raw materials used in this work include rice husks (see Figure 2.1) as
reinforcement, unsaturated polyester resin (UPR) as the matrix material, and methyl
ethyl ketone peroxide (MEKP) as the catalyst. Sodium hydroxide (caustic soda) was
used for fiber surface modification, MR release agent for easy removal of
composite, and acetone for cleaning. The freshly harvested rice husk fibers were
procured from Mwea in Kirinyaga county, Kenya.

Figure 2.1. Fresh rice husks from Kirinyaga, Kenya

Main equipment used in this study include a universal testing machine (UTM),
distiller, universal milling machine, standard laboratory sieves, fluid bed drier, surface
grinding machine, vertical band saw machine, and a hot air oven. Miscellaneous items
used were: galvanized iron metal sheet, stainless steel metal sheet, stirring rod,
polyester mixing container, beaker, syringe, digital electronic balance, hand gloves,
surgical gloves, googles, and gas mask (respirator).

2.2.Experimental Design
Controllable paramters in this study were the fiber loadingw#oand fiber size
(um), whereas the measured response was the flexural strength of the fabricated
specimens. Design of experiments involved varying rice husk fiber size i.e. small size
(2507 500 pm), medium ge (5001 1000 um), and large size (1002000 pum) to
examine their effect on flexural strength of the composites. Standard laboratory sieves
were used to achieve the desired size classifications. For each fiber size category,
fiber content was also vaden steps of 5% from 0% (lowest) to 20% (highéktam
et al., 2016)

2.3.Rice Husk Fiber Processing

Rice husks were first washed with water to remove dust particles, sand, and bran rice.
The fibers were then dried in open sun for two days (See Rg2iand 2.3).

Figure 2.2. Hand washing of RHF Figure 2.3. Sun drying of RHF
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After sundrying, the fibers were chemically treated by soaking in wf NaOH,
prepared by dissolving industrialragle sodium hydroxide in distilled water, in
proportions of 4g of solute per 100 tof distilled water. The setup was left for three
hours for effective chemical reaction during which lignin, hemicellulose and wax
were removed from the fibers, thus impray their hydrophobic (water hating)
property(Chandramohan & Kumar, 2017he alkali was rinsed from the fibers using
distilled water, and a universal indicator was used to check that all the alkali was
removed. A fluid bed drier was theneaksto dry the treated rice husk fibers (See
Figure 2.4), which were then taken to a hot air oven to reduce their moisture content.
Oven drying temperature was set to 105 °C, and the fibers were removed after 6 hours
(Odhong, Muumbo, & Mayaka, 2016)

Figure 2.4. RHF in a fluid bed drier Figure 2.5. Removal of RHF from the oven

Hammer milling was done to the ovdnied rice husks to reduce their size. The fibers
were then classified and separately packed in three different containers according to
their respective sizes highlighted in section 2.2.

2.4. Composite Manufacturing

A mold ofinternal dimensions 200 mm x 200 mm x 6 mm was made of polished mild
steel. Ceramic tile was used as the mold base to provide a smooth finish. The mold
was first cleaned using acetone, then-BlReleasing agent was applied to allow easy
removal of the cui composite from the mold. A clean plastic container was placed
on the digital electronic balance for weighing and mixing the composite constituents.
A measured amount of rice husk fibers was placed inside the container. Thereafter,
unsaturated polyesteesin (UPR) was added to the fibers until the-gakeulated

mass of resin in corresponding proportion to the fibers was attained. Methyl ethyl
ketone peroxide (MEKP) hardener, 2% by
prescription, was measured using argye and a clean glass beaker, then poured into
the plastic container containing RHF and UPR. The mixture was stirred gently for
about 15 minutes to avoid bubble formation, and to minimize air entragalam et

al., 2016) The composite was then were carefully poured into the mold, the lid placed
over the setup, and the mixture rammeddiyn to allow for uniform settlement
(Chandramohan & Kumar, 2017Jhe setup was left to cure for 24 hours at room
temperature, and the composite was thereafter released from the mold. Figure 2.6
shows a sample of the cured composite. Theposite thus formed was first marked

with a scriber, then sized using a vertical band saw machine to the desired dimensions
according to ASTM D790 standards for flexural testifmgures 2.7 shows a CAD
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model of the flexural test specimen, while Figure &®ws samples of the actual
specimens.

Figure 2.6. Cured RHF composite

”

Figure 2.7. CAD model of flexurapecimen Figure 2.8. Flexural test specimens

2.5.Flexural Test
Flexural strength test was conducted as per ASTM HI®6tandards. A Universal
Testing Machine (UTM) shown in Figure 2.9 was used. Test procedure involved the
applicaton of a thregooint loading system to the simply supported test specimens at
mid-span. Thregoint loading (see Figure 2.10) was chosen because it requires less
material for each test, and eliminates need for accurate determination of center point
deflectons with the test equipmeASTM-International, 2010)The support span
length was 48 mm, and the span to depth ratio was 16:1.
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Figure 2.10. Testpecimen under flexural loading

The universal testing machine computes flexural strength and flexural modulus of the
composite test pieces based on equations 2.1 and 2.2.

. APL
9 = Zpam

(2.1)

Where, g; is flexural strength (MPa)P is maximum load (N)L is support span
(mm), b is width of test specimen (mm), adds depth of test specimémm).

L*m

= apa?

(2.2)

Where, E; is flexural modulus (MPa); is support span (mmjn is slope of inital
straight line of the load displacement curve (dimensionless).

2.6. Hypothesis
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The rationale for null hypothesis formulation was on the possible influence of fiber
size and fiber weight fraction on the flexural strengths of the composites. This was
articulated as follows:

2.6.1. Null hypothesis Io): Fiber content (%t) has no significant effect on
flexural strength of rice husk fiber reinforced polyester composite test
specimens, and the observed differences are due to change#:=0,
wheret; represerd the influence of fiber content in each case.

Alternative hypothesis IHy): Fiber content (%1t) has a significant effect on flexural
strength of rice husk fiber reinforced polyester compositegii.&l, tsl . O

2.6.2. Null hypothesis Il Ho): Fiber size jgm) has no significant effect on
flexural strength of rice husk fiber reinforced polyester composite test
pieces, and the observed differences are due to chaneebg=bs=0,
whereb;i represents the influence of fiber size in each case.

Alternative hypothesi Il (Hi): Fiber size im) has a significant effect on flexural
strength of rice husk fiber reinforced polyester compositesiled,l bs=0.

The following model described byontgomery, 2013vas used:
vi;=ut1 +B+ 5 (2.3)

Where, v

¥;; is the flexural strengthg is the mean flexuraltsength, s;; is the error
term.

2.7. Statistical Analysis
Two factor analysis of variance (ANOVA) for completely randomized block design
(CRBD) at 5% level of significance was conducted on the flexural test results.
ANOVA tables were generated by tkeftware, from which thé&,..;, values were
used as rationale for accepting or rejecting the null hypotheses.

3. RESULTS AND DISCUSSION

3.1. Results Summary

Table 3.1 shows the flexural strength and modulus test report for unsaturated
polyester resin.

Table 321. Flexural properties of unreinforced UPR
Samples | Flexural Strength (MPa Flexural Modulus (MPa
100% UPR 45.89 3720

Table 3.2 gives the flexural behavior of rice husk fiber reinforced composite test
pieces at variouBber concentrations and size classifications.
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Table 322. Flexural properties of RHF/UPR composites

Fiber Size (um) %wt (RHF/UPR)| Flexural Strength (MPal Flexural Modulus (MPa
5/95 25.08 2816
Small 10/90 29.03 2632
(25071 500) 15/85 33.21 2860
20/80 27.36 2283
5/95 22.38 2400
Medium 10/90 27.39 2524
(50071 1000) 15/85 30.18 2792
20/80 24.73 1420
5/95 21.27 2488
Large 10/90 24.85 2672
(100071 2000) 15/85 26.90 2197
20/80 23.45 1918

3.2. Stressstrain Curves
Flexural stresstrain behaviors of the composite materials are illustrated in Figures
3.1, 3.2, and 3.3. From the graphs, it can be seen that unreinforced UPR registered
higher elongation than RHF/UPR composites, giving maximum strain of 0.015 before
failure.

Figure 3.1 shows the stressain relationship for various weight fractions of small
size RHF composites. It can be observed that the WORIIF composite registered a
maximum strain of 0.0133 before failure, while the @t%gave minimum strain of
0.010 before failure.

50.00

45.00 <

40.00 o
£ 35.00 o
S
=« 30.00 < o UPR
£ 2500 5% RHF
—E 20.00 10% RHF
Z 15.00 & 15% RHF
=

10.00 20% RHF

P
5.00
0.00
0.00 0.50 1.00 1.50 2.00
Strain (%0)

Figure 3.1. Flexural stresgrain curve for small size RHF composite

Stressstrain results for medium size RHF/UPR composites shown in Figure 3.2
showed great similarity with small size RHF composites. H@wecontrary to the
small size RHF composites, maximum strain of 0.0135 occurred in then2®RPAF
composite, while minimum strain of 0.087 occurred in Wt%omposite before
failure.
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Figure26.2. Flexural stressstrain curve for medium size RHF composite

The flexural stresstrain behavior of large size RHF composites at various fiber
weight fractions has been represented in figure 3.3. From the graph,w20 %
composite gave largest strain of 0.013%be failure while 5 %t recorded smallest
strain of 0.084 before failure.
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Figure 3.3. Flexural stresdrain curve for large size RHF composite

In all the three fiber size classifications, elongation at break appearestdasa with
increase in fiber weight fraction from 5% to 20%.
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3.3. Flexural Strength, Fiber Content and Fiber Size
The effect of fiber size and fiber weight fraction on flexural strengths of RHF/UPR
composite test pieces has been illustrated in Figurdt3dn be seen that pure UPR
yielded the highest flexural strength value of 45.89 MPa, while all the reinforced
composites had relatively lower flexural properties. Thus, it can be stated that addition
of rice husk fibers to the resin matrix reducesflegural strength characteristics. A
similar effect was observed bjustapa, Hassan, & Rahmat, 2008h polypropylene

matrix.
I
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Figure 3.4. Effect of %wt fiber on flexural strength

In all the three fiber size categories, flexural strength increased with increase in fiber
weight fraction up to 15 %t. A drop was however noticed in the composite samples
having 20 %wt. For the small size RHF/UPR composites, bending strength increased
from 22.08 MPa to 33.21 MPa i.e. by 50.4% as rice husk fiber concentration was
varied from 5 %t to 15 %wt, whereas for medium and large size composites, the
increase in strength was from 22.38Mto 30.18 MPa, i.e. by 34.98%, and 21.27
MPa to 26.90 MPa i.e. by 26.5% respectively. The low flexural strength of RHF
composites at 5 %t can be attributed to the poor distribution of particles within the
polyester matriYAmeh, Isa, & Sanusi, 2015)

The increase in flexural strength with increased fiber concentration is due to the fact
that UPR transmits and distributes the applied fleikatress to the rice husk fibers,
resulting in higher strength. Consequently, as fiber concentration increases the
compositesd ability to withst gRacandiah,gher
Prasad, & Reddy, 2012This observation is also consistent with results obtained by
Susilowati & Sumardiyanto, 2018ho pointedout that the bending stress exerted on
the material is first received by the matrix then transferred to the fibers. Increasing
fiber concentration within the matrix would therefore imply a corresponding reduction
in load per unit fiber in the matrix, siache load will be shared by the fibers in the
matrix. Consequently, the property of the material to withstand flexural load is
thereby improved. A similar trend was also observed in a work publishedrayet

al., 2015 who used rice husk and polypropylene matrix. The decrease in ultimate
flexural strengths for all the three fiber size categories observed in thew20 %
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composites is the result of agglomerate formation at higher fiber concentrations, as
similarly observed in the materials' tensile behavior.

For any given value of fiber weigh fraction, it can be observed that flexural strength
decreases with increase in fibsize from small to large size category of the
reinforced composites. As fiber content and particle size increases, the total surface
area available for matrix fiber interaction reduces. Consequently, the mobility of
matrix molecules increases. The revesérue for lower fiber content and particle

size due to increase in surface area.

3.4.Flexural Modulus, Fiber Content and Fiber Size
Figure 3.5 illustrates the effect of the controllable input parameters on flexural modulus of the
composite test pieces. Itrcde observed that the mall size RHF/UPR composite yielded the
highest flexural modulus value of 2860 MPa at 1wt%vhile the lowest flexural strength of
1420 MPa was recorded by the medium size RHF at 2@ %he decrease in flexural
modulus at 20 %wt add be the result of poor fibenatrix interface as confirmed in a study
done byAmeh et al., 2015The small size RHF composites yielded higher flexural strengths
than the othetwo size categories. The observed low modulus properties of large size RHF
could be the result of internal defects of the specimens such as voids anchdibirr
inhomogeneity.

4000

L T T o

3500
=
2 3000
g I . I
w 2500
z I
2 2000
=
= 1500
2 1000
=

500

0
5% RHF 10% RHF 15% RHF 209% RHF

Fiber Weight Fraction (%o)

Small size RHF = Medium size RHF mmmm Large size RHF ==@=TUPR

Figure 3.5. Effect of %wt fiber on flexural mods
Unsaturated polyester resin gave higher flexural modulus value than all the reinforced
composites i.e. 3720 MPa. This can be explained by the known fact that the addition of fibers

to the matrix increases brittleness of the resulting material, witichleaates the materials
liability to deform plastically.
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3.5.ANOVA Report

Table 3.3 shows the selected experimental area for flexural test analysis. Analysis of
variance for continuous randomized block design (CRBD) was conducted at 5% level

of significane.
Table23.3. Experimental area for flexural test

Fiber Weight Fraction (%)
Fiber Size 5% 10% 15%
Small 25.08 MPa| 29.03 MPa| 33.21 MPa|
Medium | 23.38 MPa| 27.39 MPa| 30.18 MPa
Large 21.27 MPa| 24.85 MPa| 26.90 MPa

The results obtaed from data analysis software are shown in tables 3.4 and 3.5,
where rows represent fiber weight fractions (%), while columns represent fiber sizes.

Table 3.4. Flexural test Anova: Two factor without replication

SUMMARY| Count| Sum | Average | Variance
Row 1 3|87.32| 29.10667| 16.52863
Row 2 3| 80.95| 26.98333| 11.68403
Row 3 3|73.02 24.34| 8.1193
Column 1 3|69.73| 23.24333| 3.643033
Column 2 3|81.27 27.09| 4.4356
Column 3 3190.29| 30.09667| 9.959233

Table 3.5. Flexural test ANOVA table for CRBD

Source of Variabn SS df MS F P-value F crit
Rows 34.21687| 2| 17.10843| 36.81476| 0.002655| 6.944272
Columns 70.80507| 2| 35.40253) 76.1809| 0.000654| 6.944272
Error 1.858867| 4| 0.464717

Total 106.8808| 8

3.5.1. Statistical Inferences

With regard to the formulateaypothesis in section 2.6, and examining Fhend Fciit
columns irtable 3.5, it can be clearly seen tRat Fcit for rows which represent fiber
weight fraction (%wt). The null hypothesis was therefore rejected, and it was
concluded that flexural stretitg of RHF/UPR composites were affected by the
variation of fiber weight fraction. Considering the columns representing fiber size, we
also see that

F > Fcit, thus the null hypothesis was rejected and it was deduced that the variation of
fiber size significantly influenced the tensile strengths of the fractured RHF composite
test samples.

4. CONCLUSION

This research focused on the fabrication of caositpo materials made from
unsaturated polyester resin matrix and rice husk fiber reinforcement, with specific
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interest in examining the influence of fiber size and fiber concentration variations on
the flexural behavior of the resulting composite. The drage been successfully
accomplished. The following conclusions have been made:

1. RHF/UPR composites manufactured by hand layup technique has a potential
of replacing synthetic fibers, thus reducing environmental degradation and
manufacturing costs.

2. Flexuralstrength of unsaturated polyester resin was higher than those of rice
husk fiber reinforced polyester composites. There was a steady increase in
flexural strength as fiber weight fraction increased up to W6 &nad a
decrease at 20 Wi in all the three filer size classifications. The small size
(2507 500 pm) RHF composite generally had better flexural characteristics
than medium and large size categories. At weight fraction ratio of 15/85, the
composite yielded the highest flexural strength of 45.89 MBaradulus
value of 2860 MPa.

3. Statistical inference was made from ANOVA results, that both fiber
concentration and fiber size have a significant influence on the flexural
properties of rice husk fiber reinforced unsaturated polyester composites.

4. The proces of fiber preparation and composite fabrication technique used in
this work can be applied in examining mechanical properties of other
lignocellulosic fibers. Further research should also be conducted in developing
a mathematical model for predicting maaical properties of rice husk
composites at different fiber concentrations and size, thus further optimizing
the performance of composite materials made from rice husks and polyester
resin.
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Abstract

Efficient and coseffective maintenance of capital investment in the form of
equipment, while attaining high productivity to remain economically feasible and
competitive, through their effective life is important. In this regard, component
deterioration and subsequent maintenance strategies employed, fulfill a significant
role in affecting the reliability of the equipment. This aspect directly affects the
availability due to unplanned downtime caused by failures. In this paper, spares
replacement and reuse are identified as critical and complementing maintenance
strategies. The stochastic component deterioration is modeled following the Semi
Markov Decision Process, where the remaining useful life of the components is
changed by the impact the maintenance strategy. A discrete event simulation model
incorporating preventive (PM) and corrective maintenance actions performed on
multiple components of a critical equipment is advanced. The proposed study is
demonstrated through the use casa tifermal power plant, where components of the
turbocharger which is one of the critical subsystems are modeled. From a moderate
base turbocharger availability (with high reliance on replacement action),
enhancement of reuse indicates a significant realueti maintenance cost, while an
increase in the PM interval depicts an increase in the maintenance cost. These
findings have significant maintenance implications while understanding the dynamics
of the various maintenance actions and offers maintena@atesupport in various

ways to enhance the equipment availability and reduce the maintenance cost which is
also discussed.

Keywords: Spares, maintenance decision support, Semi Markov Decision Process

5. INTRODUCTION
1.1Background

Maintenance optimizationegks to balance the resources available at the disposal of
the plant with the plant availability and cost reduction. Such a balance is not
straightforward and requires oftentimesdepth study of the variables that affect the
objectives of the plant ingtling their interactions with each other which subsequently
affect the performance. To address the challenge of optimizing plant availability and
maintenance cost, several salient factors require to be considered to achieve this
objective. Equipment usagdegradation, and failure characteristics are essential to
enable accurate prescription of maintenance intervention. Similarly, significant are the
maintenance interventions such as corrective, preventive and corizhSed
maintenance, which significagtl affect the state of the equipment/component
positively or negatively in case of perfect and imperfect maintenance respectively.
Different variants of preventive maintenance (PM) can be followed during an
optimization which includes use of PM Kkits thatfeof lower cost and reduce
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maintenance time, use of newly manufactured spares for PM replacébtamtg

2012) and use product service system (PSS) where the plant purchases, the
performance and not the equipméhikker 2015) and the conventional blodsased
replacement where components are replaced with new spares.

While considering the factors aforementioned in maintenance optimization, studies
such agSavsar 2015)have caosidered single factor optimization which follows the
main effects of the single maintenance variable. Such studies, furthermore, ignore the
interactive effects, where several objectives in an optimization often time conflicting
to each other and hence minance decision support derived from optimizing one
objective may be unreliable also corroborated (Byan, Lin, and Wu 2012)
Moreover, much of the research up until now, have not considered the effects and
interaction quantification of the various variables, while selecting varialles t
incorporate in maintenance optimizations programs. This leads to challenges in the
practical implementation of the optimization results in real life. This indicates the
need to interpret the relationship of the various variables to the performanceeseasur
that will assist the maintenance manager wholesomely evaluates the optimization
options from an informed position.

1.2 Related literature

Several factors like reliability, maintainability, and availability (RAM) remain
essential while addressing the inmtanance optimization of critical components.
Reliability of any component is determined oftentimes by the degradation or
deterioration which infers the failure characteristics of the component. Maintenance
strategies, on the other hand, consider polithes address the reliability aspects of

the equipment. It is now well established from a variety of studieshise two
aspects(maintenance strategies and reliability) are important in a maintenance
program that considers optimization and further dised in the following section
(Atashgar and Abdollahzadeh 2017; Jiang, Chen, and Zhou 2015; Shafiee and
Sgrensen 2017)n this section, we review literature concerned with equipment failure
and degradation characteristic, system or component analysis and finally we briefly
review appropriate maintenance policies or strategies.

1.2.1 Failure and degradation

Assets are ilized to generate performance that subsequently adds value in a business
environment, for instance, engines in a power plant, are employed to generate
electricity. The power is eventually utilized in facilities like hospitals and industries.
The assets dgade or deteriorate while being exploited and may experience failure in
the process, where this deterioration may be measured by an increase in the
Operations and Maintenance (O&M) cqstedine and Tsang 2013)

Sever al approaches, t hat mi mic as <cl ose
to failure have been developed to model deterioration while undertalangenance
optimization. A highly adopted approach employs statistical distributions like normal,
exponential and Weibull to represent failure characteristic. However, this approach
relies on the availability of failure data and other assumptions tHat dss
interpretability of the studied system. For instance, the Weibull approach retains
several limitations; first, the implied assumption that the future is the same as the past
and second, it applies to only one failure mode of an item, which meaasanot
predict the life of a part that fails for several reasons or failure ni®dedalini

2009) Approaches employing stochastic methods are used where the complexity of
the model might be increased ni statistical derived reliability. Such methods
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include Markov models, Semi Markov and Hidden Markov which model the
relationship between the observations and hidden states commonly represented using
a conditional probability(Si et al. 2011) A distinct disadvantage of using these
approaches is the state explosion that ultimately makes the optimization too complex
to solve (Mahfoud et al2016)

1.2.2 System and Component level analysis:

While envisaging maintenance optimization, the analysis can be carried out based on
system or component levels. A widely utilized analysis at the system level, considers
interlinked equipment or compams, such as a decomposed engine, into divergent
equipment/systems such as a cylinder, governor, and oil pump. Several maintenance
studies employing approach inclugidrabghi and Tiwari 2016; Wakiru et al. 2018b)

In the contrast, distinct comportsrsuch as bearings, gear, turbine blade, rotor blade
are analyzed, while considering the component level approach. In situations where
numerous components are considered, criticality analysis may be carried out to
identify components that significantly pact the performance measure. In this
analysis approach, each component is considered as an isolated unit (independent) and
the possible dependency among components may be nedi8btditee and Sgrensen
2017; Wakiru et al. 2018aThe indicated approaches can be considered depending on
the expected optimization scope, data availability and clear information on all
components constituting the system or subsystem. However, the combinatorial aspect
while modeling the system/subsystem offers only a generatléugh output which

could furtrer be used to analyze critical components. On the other hand, utilization of
the component level analysis offers more intuition, insights and mimics the system
being modeled to near reality in terms of operability.

1.2.3 Maintenance policies

Failure basednaintenance also known as corrective maintenance (CM) is frequently
employed upon failure of a component. Whereas it is not advisable to employ CM due
to lack of planning and the consequences, it is advantageous where exploitation of the
useful life of a omponent is fully achieved, hence reduced interventions and spare
parts consumptioifPoppe et al2017) This can be achieved by replacement of the
failed components if, after inspection, the component is noted to retain significantly
reduced the remaining useful life. Similarly, if a component is deemed to possess
significant residual life left aftean inspection, the reuse strategy can be advanced.
The component, in this case, may be utilized in the same equipment or another similar
equipment especially when new spares are unavailable. However, CM portends high
downtime risk because when maintenamtervention is required, no prior planning

has been done, hence lengthened downtime can be incurred while sourcing required
materials and labor. To overcome this challenge, often enhanced required fill rate for
spares or reuse strategy under the CM dietsy may be effective. To address the
challenges posed by the CM strategies, preventive maintenance (PM) is advanced,
where planned replacement of the components is scheduled either obasese
time-based approach, for instance after so many rurtmongs of an equipment. Due

to the inherent PM characteristics, the time taken for maintenance and the costs
incurred are reduced compared to CM. However, the PM interval may be optimized to
ensure, on one side the components are not replaced early fuwethaseful life is

not fully utilized (over maintenance) or on the other side if PM interval is extended,
fewer failures would occur and hence reduce significantly the CM interventions.
Notable variants concerning PM replacement is the utilization elveptive
maintenance Kkits, oftentimes referred to as repair kits, which are cost effective and
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offer reduced replacement time due to their inherent intrinsic characteristics. Several
studies on PM kits concept can be found I{ARB 2013; Hu et al. 2018)

1.3 Study aim and motivation

The use of remanufacturing strategies such as reuse, and reconditioning has always
been considete as part of maintenance strategies. The use of these- often
interchangeable strategies (reuse and replace) in conjunction with other maintenance
strategies such as repair and recondition would require adffedile seeking an
optimal performance of aasset. The tradeff in this place represents the quantified
value of equipment availability gain or loss and or reduced maintenance cost because
of the adopted strategy. Reuse strategy is often employed in installations characterized
by aging equipment #t requires to perform optimally. In such a case, the
maintenance functions seek to lengthen the life of a component beyond the expected
end of life (EOL). This is further considered in cases prompted by obsoleteness of
some equipment and or components,iclwvhare no longer being produced or
manufactured. Additionally, the replacement of such components with an advanced
design would be costly in terms of modification and possible inherent failures due to
the design change afterward. Furthermore, the maimtenaost represents a
significant cost component on the total {dgcle cost of the equipment, hence the use

of reuse and recondition strategies are empldwéakiru et al. 2018a)

This study seeks to quantify the effect of reuse and replacement strategies, as well as
the PM interval on the availability and maintenance cost, for a turbocharger whose
deterioration is assumed to follow a Semi Markov procelss.study seeks to expose

the extent to which the maintenance strategies can be relied upon to improve the
equipment performance. This will derive significant variables towards formulating an
objective function that addresses the maintenance optimizatidheoéquipment.
Therefore, this study makes a significant contribution to maintenance optimization
research, by developing a framework that will empower understanding the links
between the variables which can be engraved in optimization models.

This is anextended work of(Wakiru et al. 2018a)nonetheless, several aspects
differentiate the current study from the previous. This study incorporates the
maintenane cost performance measure, while the previous study presented repair
time. Moreover, the previous study modeled the turbine rotor as a single component
while undergoing the repair strategy. This aspect in the current study is advanced after
consultationsvith the maintenance function and the OEM, where the turbine rotor is
disassembled and various components such as turbine blades, rotor shaft, turbine
wheel, compressor wheel and complete turbine rotor system are incorporated
separately in the model. Fihg in the current study, the bellows were expunged
since, after consultation, it was established that for comprehensive analysis, the
component did not directly affect specifically the turbocharger but affected the engine
hence could be unaligned whotlythe turbocharger.

The remaining part of the paper proceeds as follows: Section 2 describes the
methodology adopted, while Section 3 demonstrates the results and discussion from
the case study. Finally, Section 4 concludes the paper and offers fuaateods.

6. METHODS

The methodology adopted in this study consist of four steps. Step one involves the
collection and prgrocessing of the data, Step 2 allows for the extraction of the
various variables to be employed in the simulation model. Step 3 inwtdvetoping
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the simulation model and carrying out the simulation experiments, while Step 4 will
include evaluating and interpreting the simulation experiment results.

2.1 Data collection and prprocessing

This study utilizes maintenance data on failuresnfa thermal power plant remotely
located in Eastern Africa. The data for the components constituting the turbocharger
i.e. base plate, bearings, gaskets, Lube oil pipe, others and turbine rotor system
(disassembled to turbine blades, turbine wheel, angpcessor wheel) considering a
six-year period (201-12017) were used from the subject thermal power plant.

2.2 Parameter extraction

The turbocharger was decomposed into its components, failure analysis carried out for
the various components and maintererecovery strategies parameters extracted.
The various parameters include the time to next failure, spare costs for each of the
components, repair time for respective (CM and PM) strategies, labor rate per hour
for maintenance, failure frequencies and Kitd costs.

2.3 Simulation modeling

The simulation model mimics the failure generation and intervention for components
of the turbocharger as illustrated in Figure 1.

Generate component
failure
f(t)|0b,0

Operational . Assign new TNF |
Turbocharger h oft) | FSj, M, & [

)

Initiate maintenance
action M
Mii=6) s

PM Kit

Assign Impact
factor

TBO
Reached?

i (i=5)
PM Y
replacement

Gasket or
bearing?

CM actions

M4

Replace Recondition

Repair

Maintenance action
M
A

Spare part
required?

Spares
available?

Source
T\

Figure 1. Conceptual representation of the simulation model

While the turbocharger iginning, preventive maintenance, in this case, replacement

of all components is done at scheduled running hBRM interval) of the engine.
While running, random unplanned failures employ corrective maintenance that
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includes several maintemee interventions. The first CM strategy is the replacement

of failed components with a newly manufactured spare, which is mandatory for
bearings and gaskets, while other components possess probabilistic utilization of the
other strategies. This aspect itdluenced by the fill rate, where if the spare is
unavailable than it is sourced, hence incurring sourcing lead time. Reuse strategy is
also employed for components that can be sourced from equipment either
decommissioned or opportunistically waiting fother spares hence not operating.
This is commonly termed as cannibalization, though in this study, more dominant, are
spares stored from previously decommissioned or reworked turbochargers. Repair
strategy is used where the components failure state agabfe, and the component

can be brought back to its functional condition. Reconditioning strategy is also
employed where the cores of the components are availed and the OEM or an agent
can restore components and avail with some warranty. In this stusigssumed that

the reconditioning is done after failure occurrence.

Table 1. Notations utilized in the study

i Number of maintenanc I Turbocharger running hours
actions

M; Maintenance strategies A, Operational availability (%)

E; Age renewal factor T Total maintenance time (hrs.)

U Preventive maintenanc FMz.; Preventive maintenance (PM) polic
interval

i Reliance factor/index C..  Spare cost foi™" component

FS;  Hazard rate/Failure severity T, Recovery/repair time (hrs.)

C,..  Total maintenance cotK 0 ) T; Sourcing lead time (hrs.)

C. Total spare c

C; Total |l abor c

Preventive maintenance (PM) is modeled following two options, where the first
involve replacement of the components with newly manufactured spares, while the
second, greventive maintenance kit is utilized along replacement of components not

included in the kit following theMil apse
modeled include replacind®t), reuse {12), recondition {/3), repair {4+), PM using
the kit (s) and PM employing new spare replacemeffs)( To model the
maintenance strategy frequency of usage, reliance fdletsrz3.4 is introduced,
which indicates the percentagsage of the specif¥:.

The effective age renewal factor or the impact of the respective recovery/maintenance
strategy on a componentds remaining

Ei(i=123458 (note€s = ), whichrangef om 0 depicting fas
andi=lfias good as newod ( A8AN)ndex iadicdiiryzrer d

severity or seriousness of a component failure state is introduced, with stochastic
transitioning severity state of a componentoprand after maintenance action.

Posterior€:, depends on the prior severity state and the maintenance strategy impact
hence depicting a mulstate system (MSS). A Semi Markov Decision process is
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employed to model deterioration of the composenthich considers the partial
observed degradation that influence the posterior state of the component after
maintenance intervention. The maintained component is assigned theamely and
subsequently continues to run till either next PM or CM.

2.4 Evaluation and interpretation

For this study, the key performance measurements include the turbocharger

operational availability!=and the total maintenance c&st. A sensitivity analysis is
performed to ascertain the impact of reliance of replacement and reuse strategies
separately. Additional analysis on the effect of the PM interval is also done. During

the analysis, the indicated variables will be varied fakows: PM?’E‘:(]_-PM
replacement, -PM kit), T (10,000i 13,500 hrs.), replace reliantig( 50%- 85%) and

reuse reliancélz (50% - 85%). The values ofliand "z are utilized alternately
summingup to 85% (total of the probability utilization of the two strategies in real
life operations).

7. RESULTS AND DISCUSSION
3.1  Modeling, verification and validation
3.1.1 Model parameters

The model parameters adopted from the case established in thg\Wageu et al.
2018a)

U, 8, 00%,9080p %,r48.5%;E:, 43.94%:Es, 55.59%;Es,95%; M1,62.71%;
Mz, 22.03%; "3, 9.33%; "+, 5.93%. Other parameters extracted from data and

mai ntenance schedules included, Genhanel respe
distributions depicting the time to next faib=. Such distributions includedEIB
(U, b) , BETA (U, b), with shape parameter

distribution has the mean and TRIA with the minimum, average and maximum.

Additional parameters included, sourcing lead tifnerepair/recovery timdr: for
each maintenance strategy.

3.1.2 Modeling

The performance measures turbocharger availafityand the total maintenance
costCm are defined by equations (1) and (2) respectively as follows:

4o = Ty (1)

Cn=) Cp+ ) Cs (2)
k=

[ury
B

=1

Since he model starts with no activity, attainment of a steady state is important. The
use of a warrup period of 10000 hours was employed, while the replication length
was 105,120 hours equivalent to 12years operation. To address the issue of large half
width, the number of replications was computed from the initial 10 replications
generating half width of £ 6.15%, in our case approximately 100 replications leading
to +2%.

ho= half width f foofepficationst i al 6 number
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Ryt £.15%
h= RQL

n* = 10* 2* =94.55
3.2 Simulation results

Table 2 illustrates the model results which are categorized to two, where the first
result considers PM with full spares replacement, while the second considers
employment of the PM kits.

Table 2: Simuition base results

Model approach A, C,.

( Ka)
PM approach | 94.019% 1,005.2
PM approach Il 93.176% 977.75

It can be seen from Table 2, that the use of the PM kit (PM approach 1l) offers a
reduction of the total mai nt eppraaohd.ghisc 0 st
could be attributed to the cost advantage the PM kit retains, when utilized, an aspect
also corroborated b§Saccani et al. 2017However, tie use of approach Il generates
moderately reduced availability, which may probably be attributed to a moderate
increase in repair time, occasioned by components which demonstrate their reliability
negatively affected. This is because the approach | ehtig@gnificant probability to

install higher values of % compared to approach Il. However, overall availability
compared with the actual empirical of 92% show minimal deviation which is
attributed lack of Conditiotbased Maintenance (CBM) strgteutilization.

3.3  Sensitivity analysis results

Sensitivity analysis was carried out following the objectives of the study as depicted
in Section 1.3. The first experiment seeks to evaluate the reliance on replacing
strategy, while the second evaluatease strategy. The final experiment evaluates
the influence of PM interval.

3.3.1 Replacement strateg¥1 reliance

From results depicted in Figure 2, it is demonstrated that reliance on replace strategy

M1, minimally reduces!s and moderately increases the. The reduction ofls, may

be attributed to the increased downtime time, occasioned by the increase in sourcing
lead time for the unavailable spares as per the fill taiehe employment of this
strategy, as expected, retain a disadvantage of incurring higher spare costs, which

negatively impacCm as also seen in Figure 2. This is the case because, the spares
utilized are newly manufactured and hence the spare cost increases. A frada of

of retaining’1 (55%- 65%) indicates optimurfte and&m= for such a case study.
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Figure 2: Variation of replace strateljyreliance

3.3.2 Reuse strategy’z reliance

While investigating the edict of reliance on reuse strategy, Figure 3 shows that on an
average basis, significant improvement of botl (increase) and= (decrease) is

noted. The increase ifle, firstly reduces the repair time due to significarity
sourcing lead times, while utilizing reusable spares. In the second place, the

significantly lowcost characteristic of reusable spares positively affectsCthe
However, due to the utilization of this strategy, it is expected the systiatility is
compromised hence the ntinear behavior of the curves as demonstrated in Figure

3. To employ such a strategy, caution should be observed, while addressing the
reliability transition of the components or equipment being reused.

101 1200
100.5 —
100 S~ . 1000
99.5 o 200
— 99 —
0 W
< 085 600 X
2 £
< 98 (@]
975 400
a7 200
96.5

Ao

Cm Linear (Ao) = = = Linear {Cm)
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Reuse strategy application-17, (%)

Figure 3:Variation of reusélz strategy reliance
3.3.3 PMiIntervatU variati on

Figure 4 illustrates the changes in bdthand €=, while varying the PM Intervas .

An increasing trend of <. Thiscawke ataibutecetona r k a t
the exteded time of running for the turbocharger before the planned stoppage for
PM.
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However, this extension produces a negative impact on the components failure rate
since the reduced renewal process leads tgrafisant failure rate dealt using CM

interventions which are costly, hence the increasefin  The norlinear

characteristics of thé= curve indicates potentially external factor (s) interacting with

U. However, whtlmatobsitdthrsngspect requir
the tradeoff between the performance measure preferences of the maintenance team
should cautiously be considered, in collaboration of the changing maintenance
objectives of organizations, whiledeteni ni ng t he opti mal value

In summary, the enhanced replacement strategy will ensure the components in
operation continuously retain high reliability, hence in the event, they are reused, the
reliability retained within will ensure longevity and resa failures. This

subsequently will offer a reduction of the: if both reuse and replace strategy can be
employed in a hybrid approach to complement each other. Another downside of the
replace strategy, it infers the possibility of replacigmmponent 6 s whose
lifetime is not fully exploited and hence, the reliance of newly manufactured spares
during both the PM and CM activities, complemented with the high instantaneous

availability of the inventory, undoubtedly will increa$e:. Both of this approach
would indirectly relate to replacing components before full exploitation of their
resi dual l' i fe, an exercise that may be re

3.4  Summary

Some of the issues emerging from these findings relate paihcito the importance

of accurately establishing the accurate time to make a specific maintenance

i nterventi on, to mitigate what was ear |l i
as unplanned failures. It is clear, that an approach should be diniva&dh a plant,

to either consider the severity or the mean residual life of the component while
making decisions on when to intervene with a specific maintenance strategy/policy.
Hence, further work is required to establish the viability of considehege two

aspects i.e. the component severity (hazard rate) and remaining useful life (RUL) in
maintenance intervention decision making. This combination of findings considering

the influences ofl1, M2 and U denandiss, pprovides some support for the

conceptual premise that reliance of single decision variable or main effects, leads to
suboptimal maintenance optimization. It is then prudent for maintenance managers to
investgate beforehand, all the possible decision variables that demonstrate the
potential to be included in the maintenance program. The evaluation should address
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both effects or impacts to the performance measures, and interaction characteristics
between themThis will inform the maintenance team on the essential decision
variables to consider, hence, deriving a wholesome and accurate optimization
outcome. From the sensitivity analysis, it has been demonstrated that enhanced
utilization of the reuse strategyfefs better optimization outcome compared to
replace strategy. However, the utilization of both strategies under a hybrid approach
forms a substantial issue for future work.

8. CONCLUSION

The aim of the present research was to examine the effects of fieiipce in reuse

and replace maintenance strategy, secondly, the PM interval and thirdly the PM kit on
both the Turbocharger availability and total maintenance cost. These findings provide
significant implications to the understanding of how the invast) decision
variables should be incorporated in the optimization processes. The results clearly
show the reliance on a single variable for optimization would lead to theptumbal
outcome. The insights gained from this study will be of assistance tmdimtenance
managers while prudently selecting the maintenance variables that will significantly
affect their maintenance programs, especially as concerns optimization where various
decision variables constitute the maintenance objective function.

To redistically attain near empirical performance measure, subsequent work
incorporating the analysis of effect and interactions, condiiesed maintenance and
utilization of an RUL threshold for maintenance intervention decision making is
proposed.
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Abstract
A Prandtl probe is one of the standard instruments used for flow measurements in
wind tunnel facilities. It indirectly measures thiean air velocity at a particular point
in a flow regime. Its conventional production cost is quite high hence making it
expensive. The emergence of desktop platform in the additive manufacturing offers a
relatively cheaper option; first by fabricatingogucts at a fraction cost and footprint
compared to Industrial 3D printers and secondly, abilitym@nufactureintricate
shaped structures with less waste, development and production time than conventional
manufacturing technologies. These advantages lietbehe investigation of 3D
printing of a Prandtl probe and also as evident by 3D printed instruments and
equi pment s built for s c iTeeraimiof thiscreseaels e ar c |
was to design, calibrate and validate a 3D printed Prandtlepnmdnufactured by
additive desktop technology. A Prandtl probe was designed using NX software with
dimensions according to standards derived from literature and a chosen reference
standard metallic Prandtl probe. The diameter of the first prototype wasn]@vith
stepwise reduction of @&im for successional prototypes. Each design was printed
using the selected desktop stereolithography technique and then tested in a wind
tunnel for velocity ranges of id/s to 51m/s. Validation against a reference metalli
Prandtl probe revealed that a 3D printed Prandtl probe gives accurate measurements.
Comparisons against cup and 4mte anemometers showed small deviations in the
anemometers readings which were due to temperature changes and cup blockage
effect respedtely.This research attested the option of fabricating relatively cheap
functional Prandtl probe with stereolithography techniques which can be used for
accurate determination of flow quality in wind tunnel aerodynamics experiments. This
promotes wind engy competitiveness in energy field as it cut costs of wind energy
studies in instrumentation section.

Keywords: 3Dprint, Prandtl probe, stereolithography

INTRODUCTION

A wind tunnel is a rapid and an accurate experimental tool in the field of fluid
dynamics, which is mostly used to conduct aerodynamics research, validate numerical

fl ow simulation and support design deci s
number of flow characterization in order to explore the quality of the flow such as the

mean flow, velocity profile, and turbulence /spectral intensity. All these are carried by
specialized wind speed measuring instruments such as a Prandtl probe.
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The Prandtl probe was often used as a standard metrological instrument for flow
speed measuremerfigern E. Bean and J. Michael Hall, 1999, Judgy currently it is

still being used as a tertiary standd8hinder, Crowley, James Filla, & Moldover,

2015) This is because of its capability tivg fast, accurate and reasonable repeatable
measurements in a simple and inexpensive set up in a wind tunnel. Its first description

was given by Henri Pitot in 173Brown, 2003) It is omposed of two hollow tubes;

one to measure the total pressure (Pt)[Pa], which has a port at the tip, directly facing

the flow and the other one measures the static pressure (Ps)[Pa], which has a band of
pressure ports downstream, parallel to the flownFroBer noul | i 6s prir
d fference of static pressure from the to
from which the mean fluid velocity (with local air density calculated from
atmospheric pressure and temperature measurements) is calculated using equation
land 2(OWER & PANKHURST, 1977) wher e } i s the air densi

D %n :t R S (1)

U= [2OF
’ e

The conventional fabrication method for the Prandtl probe requires skilled
craftsmanship, precision drilling, lathing and soldering of its sdvparts. This
reflects into high costs of production hence making it expensive which in turn reflects
into high costs of wind energy studies. The motivation behind to investigate the
fabrication of this instrument using additive manufacturing which fategproducts
through layer by layer material deposition was due to the emergence of the desktop
technology platform. The desktop technology platforms are relatively cheap as they
offer the opportunity to fabricate products at a fraction cost and foogampared to
industrial 3D printergformlabs, 2018b)In addition, this technology platfortras the
cambility to manufacturéntricate shaped structures with less waste, development and
production time than conventional manufacturing technologMgofu, T. P.,
Mawere, C., & Mukosera, M., 2014)hese adantages have already led it to be used
in fabrication of i nstruments and equipn
dynamics such as the liquid flow meté¢kigh, Purssell, Billson, & Hutchins, 2014)

and models for wind tunnel testii@lasek & Wiklak, 2014)

Therefore, the goal of this study is to investigate the capability of additive
manufacturing desktop technologies to fabricate a functional Prandtl probe.

METHODOLOGY

This section describes the steps involved in the fabrication of a 3D printed Prandtl
probe (PP) and its validation with a standard metal Prandtl probe (SP).The
comparison of PP against hoeire and cup anemometers is also explained.

Designing

NX 10 Siemens modelling software was employed to create the 3D CAD model for
PP. Design measuremsrguch as the nose section length, stem section length and
position of static holes were all derived from SP.

Figure 1 and 2 below show a 3D CAD model and a 2D description of the proposed PP
respectively.
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Figure27. CAD model ofPP probe.
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Figure28: 2D drawing of proposedPP probe

PreForm software 2.17 was used to process the STL CAD files and generate the 3D
printer building path.

Fabrication Process

Three common desktop technologies for 3D proptplastics exist today with each
having its pros and cons (figure 3 below).

Fused Stereolithography Selective Laser
Deposition (SLA) Sintering (SLS)

Modeling
(FDM)

Pros Fast. High accuracy. Strong finctional
Low cost Smooth surface finish. parts.
systems and Design freedom.
material.
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Cons

Low accuracy.
Low details.

Limited build volume
Sensitive to long exposure

Expensive machinery.
Limited material

Limited design UV light. options.
compatibility. Rough surface finish.
Price Mid-range Professional d Bench systems start a

desktop printes
starts at $2000
and Industrial
systems

starts at$3,500 and largeale  $10,000 and Industrial

industrial machines are availab printers are

from $80,000. purchasable from
$200,000.

acquirable at
$20,000.

Figure29: Desktop technology comparis@ormlabs, 2018a)

From tre desktop technology comparison (figure 3), desktop SLA technique was seen
as better technique compared to the other two. More reasons for its choice also
included:

High Resolution and Smooth Surface Finish

Parts created from SLA have a smooth surfacisHinThis is ideal for application
requiring flawless finish and it helps to reduce the post processing time (finishing
processes).

The resolution of a 3D printer is commonly defined using #axi& layer height. For

SLA (Form 2 printer type from Formlalmdmpany) this ranges between 25 and 100
microns with a tradeff between speed and quality. In comparison to FDM and
(SLS), these have-Zxis layers at 100 to 300 microns. However, parts printed by SLA
at 100 microns looks different than those from FDMsGE. SLA prints are smoother
because their outer perimeter walls are straight and newly printed layer interacts with
the previous layer, smoothing out the staircase effect. FDM prints have clearly visible
layers, whereas SLS prints have a grainy surfama the sintered powder.

SLA also give finer detail output, given 140 micron laser spot size on the Form 2 in
comparison with 350 microns on industrial SLS printers, and &80 micron nozzles

on FDM machinegformlabs, 2018hb)

SLA prints are easy to clean and ppsbcess. The resin is easy to wash out of
internal channels, giving the possibility for desiigatures like micrechannels or
cavities, which would not be possible with any other 3D printing prodesslabs,
2018b)

Form 2 SLA printer was selected as the 3D printing machine. It has a print volume of
145x 145x 175mm with ability to print parts with layer thickness of at least
0.25mm.

Material choice.

There are varieties of engineering matkri(resins) from Formlab company to use
with their printers. Durable resin was chosen because it has the highest advertised
impact strength as an engineering refiormlabs, 2018c)lts low modulus and high
elongation make it highly resistant to deformation.

Due to the limit of the printing platform in terms of height of the printer space,
printing was composed of four parts. Figure 4 below show the developed CAD model
for the four parts.
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nose section stemp\

stem part 02 stem part 03

Figure30: Four CAD models for PP probe.

The printing process involved the following steps.

Figure31: Fabrication flow chart diagram.

I.  Uploading

The design was exporreadable bythe sobware Préforrh e f or n
which prepares the file for the 3D printer (Form 2).

II.  Parameters setting
The printer parameters were adjusted in order to slice the imported .stl file into layer
thickness that determinedt ®$d0ghMouépad] ues
settings such as orientation, support structures, and material choice best for printing
were set.

Il Printing
A quick confirmation of the correct setup was performed automatically and then
printing process began. The machine ran und#ermuntil the printing process was
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complete. This included automatically refilling of the resin material from the cartridge
tank.

IV. Cleaning
The printed parts were rinsed in isopropyl alcohol (IPA) to remove any uncured resin
from their surface. In additiomjr was also blown from the ends of the tube to remove
any left resin or IPA.

V. Curing
It involved the finalization of the polymerization process and stabilizing the
mechanical properties. The printed parts were placed inside a curing chamber for 1
hour ata 60 degree Celsius. This helped in finalizing polymerization process and
stabilizing the &éprintéd mechanical proper
VI.  Finishing
The supports structures were removed using flush cutters and thereafter, the support
marks left were removed through sandiygfine emery paper.

Leakage tests

The printed parts were joined together using glue and tested for any leakages through
blowing air in each pressure line in search of any leakages.in form of air bubbles in a
water pool and a pressure drop reading iree Bhanometer. No leakages were found

by these inspection criterions.

Validation of the 3D printed Prandtl probe

Two wind tunnels were used for the experimental validation; wind tunnel 1 and
2.Spatial distribution of these wind tunnels were measureddier @0 determine the
velocity profiles and turbulence properties of the air jets-wice of type TSI 1210
T1.5.was used as a measuring instrument. The measurement time per measurement
point was set to $econd with a sampling rate of 108@. The measuckarea for

both wind tunnels was defined by X, y and z coordinate system. The orientation of the
Y-axis is parallel to the jet axis. A traverse (positioning) system was used to move the
hotwire probe along the two spatial directions (x and z). Wind tutinafea was
100mm by 100mm (nozzle crossection plus 2nm edge on each side). Wind
tunnel 2 area was 420m by 420mm (nozzle crossection plus 1m edge on each
side).

Setupl

Wind tunnell was used as a source of air flow for velocity betweersto 51m/s.

This setup was used to calibrate RPLOmm diameter size) probe using SP probe as
reference instrument. It was also used for calibrating thevlietanemometer.

The setup was arranged as shown in figure 7 below and the data and command fl
charts are as shown in figure 8.
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PP 1 configuration

P
2 = 9 5 Legend
K y QP
—>U, ¢ ®
s ®
Z — [== Hot-wire
>
L | T SPor PP 1
S0mm
wind tunnel | '

Figure32:setup 1 layout.

CONTROL UNIT
(Streamline)

PC WITH LABVIEW
PROGRAM

HOTWIRE AND
TEMPERATURE PROBE

DATA LOGGER

PRESURE

INTERFACE PC WITH LABVIEW

SP/ PP (Sensor) TRANSDUCER
s PROGRAM
SYSTEM (USB 6000) ’
RECORDER
CUP ANEMOMETER (Digital Multimeter, Data Flow
H
I [mA])

S— . Command
Figure33: Data and command flow diagram of measuring instruments.

Hot-wire calibration

A Hot-wire is a thermal transducer which me&suvelocity and turbulence intensity

of fluids by determining the heat convected away by the fluid. It has an exposed wire
(filament) which is heated up by either a constant current or maintained at a constant
temperature. The wire is made from a matgreasessing temperature coefficient of
resistance; that is, the resistance of the wire varies with its temperature.

Calibration serves to assign a flow velocity to each measured bridge voltage. Based
on King's law, the relationship between the flow velpaind the bridge voltage is not
linear. Therefore in order to determine the calibration curve (equation 3), 31
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measurements points were used for velocity between Ono$d-igure 5 gives the
recorded voltage and equivalent velocities while figure 6sgilie calibration
coefficients and the temperature values used.

u :CO _Cl g?rr g+ Eorr O C3 %rr Q grr (3)
Where
1 U -the flow velocity
1 Coto G- the calibration coefficient.
1 Ecor- the corrected bridge voltage, which is given as in equation 4 below.

° 0.5
_ aTw - tref Q

corr

E CE,
C'w”~ Lamb = (4)
Where
1 Tw- Operating temperature of the hot wire.
1 ter- Reference temperature (ambient temperature for hardware configuration).
1 tamb- Ambient temperature during calibration or measurement.

1 Es- Measured bridge voltage.
Figure 8 belav shows the calibration curve for the ‘vate anemometer.

50 T T T T T T T T T T T T T

u __[mfs]

20 3

10 = —

0 :'I b e _I_- | | | | | | | | |
14 15 16 17 1.8 19 20 21 22 23 24 25 28 27
voltage [V]

Figure34:Hot-wire calibration graph.

PP 1 calibration.

The PP1 probe was place at the middle as shown in figure 7 above and velocity
readings for air flow between 0 ®©1m/s wind tunnell speed at approximately
interval of 5m/s were recorded. Calibration graph with SP probe as the standard
reference instrument is as shown in figures 11 and 12 below.
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Set up2

Wind tunnel 2 was used as source of air flow for veldo#iwveen 4n/s to 13m/s.

This setup was employed for taking velocity readings of both the cup andih®t
anemometers and compare them to both PP1 and PP2 (8mm diameter size) probes.
The setup for data collection was arranged as shown in figure 9 b&ata. and
command flow charts are similar as those shown in figure 7 above.

PP 1 configuration

[T Hot-wire configuration

Z
§ Legend

D =+

_ —- _ ®
= = [== Hot-wire
—>
r:|_| SPor PP 1&2
wind tunnel 2 200mm
400mm

Figure35:Setup 2 layout.

Cup anemometer calibration.

The cup anemometer was placed in a uniform flow field as shown in figure 11 below.
Currentsreading for air flow velocity of 4.&/s to 12.8n/s were recorded. SP was

used as reference instrument with velocity readings from the four positions (figure 11)
averaged to give the flow velocity equivalent to the current readings. The calibration
graphis as shown in figure 13 below.

Data and command flow charts are similar as those shown in figure 7 above for cup

anemometer.
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Cup anemometer configuration

Legend

v

> 1 "r’ Cup anemometer

—»> " g 2

- - > oA mot e a = 200mm

= > T 1T E

D a, iy 7+ Uniform flow field

_/_ # 400 mm +  Pitot-static tube positions
wind tunnel 2

Figure36: Cup anemometer calibration sgd layout.

RESULTS AND DISCUSSION

Figure 11 below showe fully joined 3D printed Prandtl probe of @®m diameter.

e ee— e ——

Figure37: Fully joined 3D printed Prandtl probe.

Figure 12 and 13 below give the calibration graph oflRP1m/s and 5m/s intervals
respectively.
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Figure38: Calibration graph of PR at low velocities.
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Figure39: Calibration graph of PR at high velocities.
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Figure40: Calibration graphs of cup anemometer.
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Figure41l: Comparison graph of PPagainst cup and hatire anemometer.
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Figure42: Comparison graph of PPagainst hetvire anemometer.

From figure 12 and 13 calibration graphs above, it can be observed that when PP1
probe & used for velocity measurements it gives accurate measurement results similar
to SP probe.

The calibration curve of the cup anemometer (figure 14) is in agreement with the one
given by the manufacture with slight measurement errors.

The cup and hetvire anemometer velocity readings had small difference to the
readings recorded by PPand PR as depicted in figure 15 and 16 above. These were
accounted to temperature differences during calibration time and measurement
sessions for hewire anemometer whilr cup anemometer it was due to the cup
blockage effect. Minus these effects, the recorded velocity readings are similar to PP
velocity readings hence demonstrate the capability of PP to give measurement results
similar to both anemometers. This expresbe confidence of velocity measurements
readings from a printed PP.

CONCLUSION

The design, fabrication and experimental validation of rapid prototyped Prandtl probe
are clearly demonstrated. NX Siemens software was used for designing.
Stereolithography as the choice fabrication technique. A wind tunnel jet of range 0

to 51m/s was used for experimental validation. A standard metallic Prandtl probe of
8 mm diameter in size was used as the reference instrument. The printed Prandtl
probe, cup and hatire anemometers were calibrated; and then they were used to
record velocity measurement. Velocity readings from the printed Prandtl probe were
compared against cup and fwate anemometers.

The 3D printed Prandtl probe fabricated gave accurate velocity readireysdent

from its velocity readings being similar as those of the standard reference instrument.
Comparisons against cup and4mote anemometers showed small deviations in the
anemometers readings which were due to temperature changes and cup blockage
effect respectively.
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This research show it is possible to rapid prototype a Prandtl probe with a diameter of
at least 8nm which can be used for accurate speed measurement in a wind tunnel jet.
Furthermore, these findings indicate that with Stereolithdgrage can produce

Prandtl probes that are easier and cheap compared to complex and costly traditional
convectional fabrication processes.

The results from this work can be used in the field of rapid prototyping as evidence of
its capability in producingunctional products with affordable desktop rapid

prototyping technology. In practise, through fabrication of cost effective 3D Prandtl
probes, institutions interested in studies of wind energy can find good and cheap
Prandtl probes as an alternative totlyosietallic Prandtl probes.

More of 3D printed Prandtl probe validation can be done in testing the Prandtl probe
in lower velocity below 4m/s in wind tunnel jets. For experiments carried out in high
speed and hot environments, a better choice of resmasuEligh temperature resin

type which has a good structural stiffness from Formlabs company is recommended.
In addition, fabrication and validation of ehle Prandtl probe can also be examined
with additive desktop platform techniques.
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Automatic leak detection and control system in water pipelines

Chelangat, W.K, Njaji,,J.N.* and Odira,J. K*.
DeKUT Msc. Advance Manufacturing and Automation Engineering and Graduate Bsc.
Mechatronic Engineering

Water distribution system is a key component of urban infrastructures, playing an important
role in supplying municipal water, industrial water ane fivater. Tis project addresses the
existing problemscaused by leaking pipes which include, the health risk hazard caused by
contaminated water, wastage of precinatural resources i.e. the loss of soil fertility, damage

of roads near the pipeline logat among othersThere is also the loss of public funds that

are involved in the erection of new pipeline systegpair of the damaged pipes and flushing

of the blocked pipes.

This project is aimed at designing a model system that automatically detdgtdetermines

leak location, control the global valve in the distribution pipeline and alert the relevant
authority. The system is designed to be reliable, efficient, safe and diverse in that it can be
used in other areas of application other than waifsline systems, e.g., oil industiy.uses
microcontroller for data manipulation, new developed leak sensor (Kapenjaji sensor) to detect
leak in pipes, solenoid valve to control the affected line, and the GSM to alert the relevant
authority through malte phone. However, the system is intended to offer fast and calculated
measures like alerting the relevant authority in case the pipeline leaks, controlling the affected
pipeline by automatically closing the valve and keeps on updating in real timeositaat
pipeline condition without any effort of manual inspection.

Raw data from the newly built sensor was obtained upon conducting the various tests, which
was then calibrated based on the distance estimation algorithm. The calibration indexing was
then carefully matched with their respective distance along the pipeline. All individual
components behaved positively as anticipated before by articulating their functions. The
overall program was loaded and positive results obtained as all the objectiveshieved.

Key words: Detect, leak, automatically, design
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Fuzzy logic based algorithm for optimization of handover decisions in a mobile
cellular network for multimedia services

Un g 0 a¥, Musyki,$.% and Oduol, K.V

Department of Telecommuaiton Engineering, Pan African University Institute of Science,
Technology and Innovations, AICAD, JKUAT, +254721510115.
“Department of Telecommunication and Information Engineering, Technical University of
Kenya, Nairobi, Kenya.
*Department of Electricaand Information Engineering, University of Nairobi, Nairobi,
Kenya.

The increase in the number of multimedia services in the Telecommunication industry
makes bandwidth a valuable resource to be scarce. A popular way to achieve higher
capacity is by use asmall cells that increases number of handovers as users move
from one cell to another. Failure of handover process leads to a drop in Quality of
Service (QoS) dissatisfying customers. These failures are brought about by frequent
handovers as a result aficrease in the number of multimedia network services.
Several handover algorithms have been proposed for handover decisions taking into
consideration only few input parameters. Also these algorithms does not take into
consideration multimedia services bagion their QoS requirements and level of
improvement on handover success rate. Service is a useful factor for the users and
different services require respective QoS. This research aims at improving the process
of handover through fuzzy logic system foellalar multimedia services by a
combination of five input parameters to the Fuzzy Inference System (FIS) that
include, the distance between the BTS and MS, Mobile station velocity, signal
quality, signal level and the available bandwidth. In this resednehthreshold for
handover for the three forms of traffic (voice traffic, video traffic and web traffic) are
calculated separately with more emphasis being given to the voice call as compared to
the web traffic since web traffic can tolerate some delaty voice traffic cannot
tolerate the same. The handover process is improved by increasing the number of
input parameters to the Fuzzy Inference System, (FIS). The system calculates the
handover thresholds for the three multimedia services. Basing on ttires@old
values, handover decision is executed. This algorithm ensures smooth and efficient
handovers are executed.

Key words: Fuzzy logic, handover, FIS, Multimedia, Thr.
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Maintenance driven performance improvement for cement plant roller press
sysem.

Nganga, P., Muchiri, P.N%, Pintelon, L2 and Wakiru, J.M.
Dedan Kimathi University of Technology, School of Engineering, Kenya.
2KU Leuven, Centre for Industrial Management/Traffic and Infrastructure, Leuven,
Belgium

Abstract

The cement industrys currently undergoing consolidation and facing worldwide
competition from plants within and outside the region. These aspects put
todayodosplants wunder i ntense financi al pr
budgets are among the first to be targdtededuction and compounded by minimal
capital replacement. With shrinking maintenance budgets, the Cement plants therefore
must increase the productivity of their existing equipment by optimising maintenance
and operationsstrategies and teams, whilé¢imoimg to look for ways to reduce costs
further.Despite this challenges, the plant is expected to increase its availability in
order to meet both the market demand and optimal production for optimal cost,for the
end product to remain competitive. This papims at developing a simulatidrased
framework to identify the maintenance bottlenecks, their effect on the plant
availability and maintenance cost and further offer maintenance decision support. The
framework is applied on a real case study of a cémmamufacturing firm where
maintenance and operational data capturedareanalysed, various model parameters
extracted with expert guidance and finally building a model that depicts failure and
maintenance of the system. The roller press is identified asatsubsystem using

pareto analysis and is further modelled in this case study. The results of the study
identifies the key aspect to consider while carrying out optimization of the subsystem
to improve the availability and reduce maintenance cost offermaintenance
decision support to the engineering manager.

Keywords: Maintenance, cement plant, roller press, simulation
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Abstract

Power system, historically was vertically integrated. Some years ago, this power
network has been unbundled. In the unbundled power system, the main issue that is
facing the system operator is called congestion. The congestion in transmission
sydem is the situation when technical constraints or economic restrictions are
violated, the lineflow, thermal stability and voltage stability. In deregulated power
system, the congestion management is taken as the main key of the system operator.
Many methals have been used for congestion management and the most method used
is the rescheduling of the generation based on their sensitivity factor.Congestion
management has become the main area of many researches in deregulated electricity
market, because it paits to the system to be secured and reliable. The aim of this
paper is to show the utilization of Powerworld, an interactive power system
simulation package, which is very efficient in computing of the power flow and it
facilitates easily to identify theongested line in the power system. It permits also to
determine the generator sensitivity factor. This paper presents one case study applying
on IEEE 30 Bus System. Moreover, the paper presents Powerworld as one of the most
important research tool, whiglermits the study of the power system problem.

Keywords: Congestion management, Generator Sensitivity Factor, Powerworld, Unbundled
power system
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Voltage Stability Analysis on ShoreTo-Ship Power Connected Systems
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Abstract
The shore to ship power connection is a technology thab&as recommended as
one of the ways that will help reduce emissions from marine vessels which have
increased in number as a result of rapid growth in international trade. This involves
the shutting down of the onboard diesel generators in ships and sgpelgctricity
from an existing shore grid to the ships. This interconnection to the existing network
has raised concerns to system operators and regulators regarding the systems stability.
The control of the power systems voltage stability is very simfi in ensuring the
stability of the overall system following a large disturbance. A model of shore to ship
power connected network is going to be developed and tkehofé load connected
to it. Dynamic voltage analysis of the system shall be studierunormal and
contingency conditions to determine the stability of the system.

Keywords: Off-shore,Shore to ship power connection, Voltage stability

165


mailto:cmuriithi@mut.ac.ke
mailto:pkihato@jkuat.ac.ke

Optimal Resource Allocation in Femtocell Using Combinational Approach

Macharia A. RandMusyplkahrgoat P. K.

! Department of Telecommunication Engineering, Jomo Kenyatta University of Agriculture
and Technology (JKUAT), P.O box 62600200, Nairobi, Kenya.

2 Department of Telecommunication Engineering, Jomo Kenyatta University of Agriculture
and Technology (JKUAT), P.O box 62600200, Nairobi, Kenya.

% Technical University of Kenya (TUK), Department of Electrical and Electronics
Engineering, P.O. Box 52428, Nairobi, Kenya.

armachajnr@gmail.com

Abstract

Demand for increased throughput and usacbn of more users to transmit
more data at higher rates will always be a trigger for improved methods of cell
phone services. This has made it necessary to keep on seeking for ways to
connect users and accommodate their requests.

In this paper, users asdlocated resources using the combinational approach
with their individual requests and SINR values taken into account.
Furthermore, a further comparison is done on the effect of considering fairness
while allocating users so as to accommodate all usihsamalysis of their
SINR total values with and without fairness optimization.

An example of users positioned in a given femtocell recorded at 5 different
times (A to E) is hereby carried out. The intervals of recording are: at interval
A, the femtocell s users 1, 3, 7 and 8. During interval B, it has users: 7, 8, 4
and 2. During interval C, it has users: 8, 4, 7 and 1. At interval D, it has users:
4, 8, 2 and 5 and finally at interval E, it has users: 7, 2, 8 and 1. Their
resources requests and SINRued are tabulated and plotted using MATLAB

as described in this paper. From the simulations done in MATLAB, it is found
that the SINR total is slightly lowered but not severely with fairness
application, but all users who have requested resources are t@ble
communicate through the femtocells.

Keywords: Fairness, Femtocell, Signal to Interference plus Noise Ratio.
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9. INTRODUCTION

Mobile user numbers will always keep on increasing hence demand more services
from cell phone operators. This makes it inaie for providers to increase capacity

and look for optimal usage of vital resources such as bandwidth and resources
provision to users. This has driven the rapid evolution of network technologies from
first to fourth generatioriSousa, Vasco , & Tiago,0R4). In addition, technologies

have reached a level that prioritizes users in terms of power utility, resources requests
(Anritsu, 2009) rather than allocating bursts of time slots or frequency slots, as was
being practiced in technologies prior to flbugeneration of cell phones.

10.LITERATURE REVIEW

Cell phone technologies have improved since their inception in early 90s and have
rapidly grown in terms of accommodation of many users and transfer of data across
their platformgSousa, Vasco , & Tiago0R4).

A. REVIEW OF RELATED TECHNIQUES

. GLOBAL MOBILITY PREDICTION SCHEME

In this scheme, the movements of a user are recorded in this scheme and a pattern is
drawn based on this movement. A sequence of cells that the user has traversed are
then storedOyie , Langat, & Musyoki, 2014)

This sequence is then used to predict the position of a user at any given time in future
S0 as to determine the user to allocate a res¢yie , Langat, & Musyoki, 2014)

The scheme can be outlined as shown below.

— M(FEJFE+1} 1
e N(Ff_l_uFf} ( )

Where

Pe gives the Transition probability between previous and future traversed femtocells
by a user.

N(F.1F): gives the number of the transitions of the previously visited to the current
femtocell.

M(FtFs+1)give thenumber of the transitions from the current femtocell and the future
femtocell that a user moves.

The combinational technique uses the present request at a given position of a user to
consider the resource requegtdacharia, Langat , & Musyoki , 2016)ithout
necessarily giving priority to historical movements.

II. LOCAL PREDICTION SCHEME
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In this scheme, a continuctimme Markov chain is utilized. According {®. O. Oyie,

7th-9th, 2014) it is meant to assist the global mobility prediction scheme in dase o
unsuccessful trial.

This technique calculates the probability of a user transiting to every adjacent cell.
Each user is allocated a unique ID that is used to determine and allocate the number of
resources to be allocated. All adjacent femtocells aredlistnd given an equal
probability of transitior(N. O. Oyie, 7tROth, 2014)

This scheme is elaborated by the following expression:

_ N(Fr,Fr.q)
P —L-LE(Ff} 2)

Whereby:
N(FF+1) gives the number of the transitions between curremtdcell and all the
adjacent femtocells to be visited.

Z(F) gives the number of times the femtocellappears in the mobility trad@l. O.
Oyie, 7th9th, 2014)

Pm is the transition probability of a user between the current femtocell and all adjacent
femtocells.

The combinational technique seeks to improve on this technique in a manner similar

to the global prediction. This is by determining the requests per user at a given
interval and finding the best SINR group to allocate resources as describetiesegar

of possible movements if Mac hari a , Langat, & Musyok
resource allocation scheme with fairness control, 2017)

11.METHODOLOGY

. COMBINATIONAL SCHEME
This technique bases its scheme on the combinations formula as giyemtes,
2014) The combinations formula is given below.

C 1!

nLx — ——— 3

x!(n—x)! (3)

Where:

nCx is the different combinations of Or
items

n! gives the factorial of n
x! gives the factorial of x
(n-x)! gives the factorial of (x).

169



In previous presentations, this scheme has been used to arrange users in terms of their
requests. The users were first of all considered to have individual requests of
resourceg¢Macharia, Langat , & Musyoki , 2016)

Thisworks as follows:

An example of 6 users in a femtocell with 3 resources available is considered. The
users have single resources requests. The users are arranged as shown in the table
given.

Tabl e 1: Userso SINR values (with si

USER SINR (dB)
20
15
18
30
8
12

OO AW N -

As presented earlier {Macharia, Langat , & Musyoki , 201,@he users are subjected
to a combinations algorithm as described above and all possible single arrangements
are done.

When the possible arrangent of the users above is outlined, the highest
combination is found to be: [1 3 4].

The SINR total for this group is 68 dB. In this technique, each user only requests a
single resource hence the combinations are done directly on the SINR values
(Machaia, Langat , & Musyoki , 2016)

A further analysis was done on the resource requests per user. Owing to OFDMA
technology used in Femtocells, simultaneous data can be transmitted to several users
with the user of multiple subcarriers assigned to us@&tss supports the several IP
(I'nternet Protocol) based applicationsé
requirements(AlQahtani, 2015) It also allows the network to introduce user
privileges in traffic requirements that can allow classificatidnuser equipment
applications in terms of resource requests. This classification can be further subjected
to category based call admission control (CAC) for resource requests per application
for a given user in the femtocdllQahtani, 2015) In addition.u s er s 6 appl i ca
can simultaneously request for resources from the femtocell with regard to their traffic
demands. Therefore, a user can place request for several resources for
communication in the femtocell as described(AlQahtani, 2015) This al® is
determinant on the adaptive modulation and coding that gives the maximum number
of resource blocks that can be allocated per given bandathtsu, 2009) This
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paper seeks to utilize the sum of all application resources requests per user so that
they can be mapped in a serialized manner, using the combinational approach on their
total SINR values.

II.  ANALYSIS OF THE FAIRNESS SCHEME
This paper seeks to evaluate the fairness scheme as presefMedharia , Langat,
& Musyoki, A f e mde @alb@tioh schese with &airnese sowtrol,
2017) After the allocation sequence has been executed, it is found out that not all
users have been allocated resources. The low SINR valued users are left out
particularly in situations where the availableawses are very few. I(Macharia |,
Langat, & Musyoki, A femtocelll userso r
control, 2017) a fairness scheme was suggested to be carried out by the femtocell that
would identify the next low SINR value user. The feoll would scan applications
run by this user(s). Applications can have guaranteed bit rate which needs a given
value of resources for them to operate or can begoananteed bit rate that do not
require an exact amount of resources to opgrit@ahtani 2015) Using category
based CAC approach, the femtocell would determine the applications that do not
require a given guaranteed bit rate for operation then reallocate these resources to the
user who has been left out to enable that user communicate ifertocell. This
reallocation is minimized to just a resource or two so as not to adversely affect the bit
rates of the major users. This paper seeks to analyze the effect of this reallocation to
users in terms of optimizing resources and the overalR3ttial effect per user. This
determines the throughput effect of considering fairness of reallocating resources to
low SINR users.

12.RESULTS AND DISCUSSION

A second example of users who are positioned in a femtocell recorded at 5 different
intervals of ime (A to E) is considered as shown in the tables: 2 to 6 outlined.

Tabl e 2: Femt ocel |l usersb6 resource regue:
TIME INTERVAL A
USER | REQUESTS | SINR (dB)
1 3 8
3 4 6
7 4 3
8 3 4
Available resources = 9, requested4
Tabl e 3: Femtocell usersod6 resource reqgue:

TIME INTERVAL B
USER | REQUESTS | SINR (dB)
7 4 3
8 3 4
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Tabl e
Tabl e
Tabl e

4 .

5:

6 :

4

5

2

2

2

10

Available resources = 6, requested =

Femt ocel |

TIME INTERVAL C

USER | REQUESTS | SINR (dB)
8 3 4
4 5 2
7 4 3
1 3 8

Available resources = 10, requested =

Femtocell

userso

TIME INTERVAL D

USER | REQUESTS | SINR (dB)
4 5 2
8 3 4
2 2 10
5 3 9

Available resources = 7, requested =

Femt ocel |

user sao

TIME INTERVAL E
USER | REQUESTS | SINR (dB)
7 4 3
2 2 10
8 3 4
1 3 8
Available resotces = 5, requested =]

resour ce

resour ce

u s Rvalués recarded at intenal Cr e qu e s

reque:

reque:

At interval A, when combination is done on the users, it is found out that resources
are allocated as follows:

[1 1 1 3 3 3 3 8 8]. The SINR total for this group is 56 dB. It is found out
that user 7 is left ouEairness can be considered here. In the allocated group, user 8 is
the next lowest SINR valued user hence; a resource can be reallocated to user 7 so
that now the allocation of resources would be as follows:

[1 1 1 3 3 3 3 8 7]. The SINRal for this group is 55 dB, after all users
have been allocated resources.
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At i nterval B, the combinational seqgquence
following format. [7 8 8 8 2 2]. The SINR total for these users is 35 dB. But

from the above sequence, it is found out that user 4 was left out in the sequence.
Hence, one of the low SINR users: User 8, has more than one resource allocation
compared to user 7, whose has only one resource allocation. Therefore, the femtocell

can realloca one resource from user 8 to user 4 so that user 4 can be connected to the
femtocell. The new allocation sequence then becomes: [7 8 8 4 2 2]. The new
SINR total is 33 dB. The SINR total is lowered a bit but all users are now connected
comparedo when the earlier arrangement where one user is left out.

At i nterval C, 15 requests from the wusers
subjected to combinations against the available 10 resources, the arrangement of the
users in terms of theindividual request is as follows:

@ 8 8 7 7 7 7 1 1 1]. This arrangement leaves out user 4,
however the total SINR is 48 dB. When the fairness is taken into account, it is found
out that one resource can be realledafrom user 7 to user 4 since he is the lowest
SINR valued user. Hence the new arrangement of allocation of resources is as
follows:

B 8 8 7 7 7 4 1 1 1]. The new SINR total with all thedusers
allocated resources 4 dB.

At interval D, the total requests are 13 resources. When this is simulated against
available 7 resources, the best possible arrangement of users is as follows:

[ 8 2 2 5 5 5] This sequence gives an SINR total of 55 dRveiow

not all the users have been allocated resources using this sequence. User 4 has been
left out. When fairness is considered, the femtocell can reallocate one resource from
user 8 to user 4. This enables user 4 to communicate in the femtocell. Henoewt
arrangement is as follows: [8 4 2 2 5 5 5]. The new SINR total now
becomes 53 dB.

Finally during interval E, the total requests are 12 resources. However the available
ones are only 5. Upon simulation of the combinationalese the following
arrangement of usersodé requests i s generat
44 dB. However, users 7 and 8 have been left out of the sequence. In order to include
them, the femtocell can reassign resources from eacheafigérs: 1 and 2 and-re

allocate to user 7 and 8. So the new sequence now becomes:

[2 7 1 1 8]. The new SINR total now is 33 dB. This has significantly
lowered it in order to accommodate all the users.

Therefore the above data can nowulated and graphically represented as shown in
table 6 and figure 1 respectively.

Table 6: A summary of Femtocell trials during time intervals: A to E, SINR total
values recorded.
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SINR total (dB)
TIME INTERVAL Without fairness | With Fairness
A 56 55
B 35 33
C 48 47
D 55 53
E 44 33

The above data can be compared to userso
compares number of users allowed to communicate in the femtocell during the
different time intervals.

Table 7: A summary of Femtdtdrials during time intervals (A to E) with the
number of users who request resources and the ones allocated

Users allowed to communicate

TIME in the femtocell
INTERVAL W!thout With Fairess
fairness
A 3 4
B 3 4
C 3 4
D 3 4
E 2 4

The data in tale 7 above can be plotted on a graph using MATLAB so as to show the
difference when fairness optimization is done to include all users and without
including all users. The graph in figure 1 is the SINR comparison to show how the
fairness scheme affects it.
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FIGURE 1: A GRAPH OF SINR TOTAL VS TRIALS (WITH FAIRNESS
COMPARISON)

Furthermore, a further graphical comparison analysis can be done using MATLAB for
users who request for resources against the ones that are allowed to communicate in

the femtocells with and without fairness consideration as tabulated earlier.
6

B USERS REQUESTING RESOURCES
B ALLOCATION WITHOUT FAIRNESS
[C_JALLOCATION WITH FAIRNESS

o,
T
I

§-N

N

NUMBERS OF USERS (REQUESTS VS ALLOCATION)
- w

o

1 2 3 o 5
FEMTOCELL TRIALS (ATO E)

FIGURE 2: A GRAPH OF NUMBER OF USERS REQUESTS VS ALLOCATION
(WITH FAIRNESS COMPARISON)

From the MATLAB graphs plotted, it is seen that fairness lowers the SINR total:
between 1 to 3 dB. For the last interval: E, the SINR total is significantly lowered, by
11 dB, due to having to accommodate all users in very limited resources. But on the
other hand, fairness guarantees that all users are able to be allocated rdsources
communicate in the femtocell.

13.CONCLUSIONS AND RECOMMENDATIONS
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This paper applies the combinational allocation of resources to users. It also further
analyses the effect of the fairness scheme-tilogate resources to the lowest SINR
users in a fenaicell.

The trials done in the femtocell during the different time intervals try to optimize on
resources with fairness distribution to all users to ensure that all users are able to
communicate. This process does not adversely affect the SINR totahdoue® that
all users are able to communicate through the femtocell.

Hence, fairness is therefore recommended as an optimal approach as an applicable
technique in allocation of resources to users in femtocells.

As noticed in the last interval, the faigse scheme lowers the SINR total
significantly since the available resources were too few: 5 resources. This caused 2
users to be left out and thus fairness had to accommodate them. This means that
fairness scheme here has a drawback on the SINR total Wieree are very few
resources available compared to requests because it attempts to accommodate all
users.

Therefore, further research on ways of accommodating all users with better SINR
levels in such scenarios is hereby recommended.
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Multiphysics meshless modelling of ambient vibrations transmission in MEMS
accelerometer elements

Odira,O. I.*, Keraita, N. J. and Bosco, B. J.

Dedan Kimathi University of Technology, School of Engineering.

MEMS accelerometers have become common sensors in many inertial measurement
units. The application environments in which they are employed are chisedtey
varying nontargeted ambient vibrations. These introduces vibration errors which are
not easily calibrated as the effect of dynamic coupling between ambient vibrations
and MEMS elements dynamics have not been sufficiently modelled. While tradlition
analysis techniques employing finite element method is robust and proven, they
become insufficient for the analysis of MEMS due to the multi domain and
multiphysics nature of MEMS. In this paper we present a multiphysics meshless
model of ambient vibran transmission in MEMS accelerometer elements which is
sufficiently accurate and efficient.

Keywords: MEMS accelerometer, Ambient vibrations, Vibration errors, vibration
transmission and Meshless method..
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Abstract

Roadpased public transport in the cities of many developing comprises a large component of
unconventional public transport. Vehicle size and type is one of the principal factors influencing the
efficiency of transit service. Thistudy proposes an approach to the optimization and selection of
transit vehicle sizes for uncoordinated systems operating in mixed traffic. Empirical data were
collected along a sevekilometre portion of the NairobThika Highway in Kenya. The relatidnips

between occupancy rates and vehicle size; and between Passenger Car Equivalence values and vehicle
size were then established. A model was developed that optimizes transit vehicle size based on
occupancy rates achieved by different transit vehickessiand the road occupancy of a vehicle.
Optimum vehicle sizes were determined for two segments as 45 and 56 seats respectively.

Keywords: Transit demand, vehiclsize optimization, transit service efficiency, paratransit
Introduction

Roadbased public ainsport dominates the cities of developing countries and comes in a
variety of physical and organizational forms. One common characteristic of transit in these
cities is the presence of a large component of unconventional or intermediate public transport,
commonly referred to as paratransit (Vijayakumar 1986). While these informal transit
industries share generic characteristics, each paratransit industry has its own specific
characteristics that reflect the environment of the city in which it operatesf{&G@09). Size

of vehicle is of particular importance in the developing world because vehicles of different
size are in common use and are frequently in competition with one another (Vijayakumar
1986). Transit vehicle size is one of the principal faciafeiencing the efficiency of a transit
system. Other factors include; the regulatory framework, pricing, route planning, fleet size,
revenue integrity, competition, and bus utilization, among others (lles and Nielson, 2006).

There are few transit perimance studies that consider systems operating in mixed traffic.
Vehicle capacity and route frequency are the most important elements of most bus service
plans. However, most existing bus network design procedures consider vehicle capacity as a
fixed valueand compute frequency either to minimize a certain total generalized cost, or to
provide the capacity needed during peak hour operation (Shih & Mahmassani, 1994). While
this approach is computationally efficient, it renders impossible, the consideratianafs
existing bus sizes. This approach is, thus, not easily applicable in the uncoordinated transit
systems that abound in cities of most developing countries such as Kenya, where multiple
vehicle capacities serve in the same transit system. Fumbertnansit systems in these cities
operate in mixed traffic, competing for road space with private motorists and other types of
traffic.

1.1 Transit Vehicle Size Optimization Approaches

Optimal bus capacity entails tradéfs between vehicle size and oatonal variables for a
given frequency of service (Ceder (2007). The use of smaller buses offers passengers a better
service frequency for a given service capacity, but costs more to operate per seat provided.
Most existing vehicle size selection modatentuate a tradeff between vehicle capacity
cost and passenger walitiighe cost (Ceder, 2007). Within this trad# there is an optimal
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bus size which maximizes social benefit (Oldfield and Bly, 1988).These models require
extensive data collectionfefts, and might be impractical n uncoordinated transit systems.

Jansson (1980) explored the consequences of monetizing certain social costs such as
passenger waiting, riding times, etc. These costs were considered alongside producer costs as
part of thesupply price for bus transport. A simple bus line model was used to assess the cost
of operating similar services at peak andpdak during daylight. The results showed that for

a given demand, more buses should run and they should be much smaller, Fuetmodel
showed that in some circumstances, it would be optimal to maintain the same frequency
during offpeak times as during peak hours. Oldfield and Bly (1988) agreed that the use of
smaller buses results in a better service frequency, notingyvbovilat it would cost more to
operate per seat provided. A mathematical model was proposed that describes an explicit
relationship between optimal bus size and factors such as operating cost, level of demand, and
demand elasticities. The model determiop8mal bus size by assuming elastic demand; that

is, demand that varies with passenggr cost. The model also considers the influence of
changes in demand on road congestion. Further, it takes trip time to increase with average bus
load because of bading times. It makes use of complex expressions to explain the
dependence of headway on bus size.

Jansson (1993) proposed a model that simultaneously optimizes vehicle size, frequency, and
journey price. Two interesting effects of frequency on passergj@vibur were observed.

The first effect has two components: for low frequencies and given the availability of a
reliable timetable, passengers will plan their trips according to the timetable. For high
frequencies, they prefer to show up at the trangji stimultaneously, rather than consult the
timetable. The second effect is the based on the fact that the disutility of waiting at a stop is
higher than that of waiting at home or at work, and that the cost of waiting may vary
differently with the durationof the wait; typically increasing with the duration for high
frequencies and decreasing for low frequencies.

Shih and Mahmassani (1994) proposed a velsizke optimization model that requires the

total demand matrix of the whole route system to be giwenhthe line demand used by
Jansson (1980). The results of a transit trip assignment model are used to assign a set of the
initial frequencies to different routes on the network. The vehicle size for each route is then
optimized analytically by minimizinghe total costcomprising operator cost and user eost

of each individual route. The resultant frequencies are revised by applying the maximum
allowed load factor for the calculated bus sizes. The results a further iterated until the
frequencies of twaérations converge. This approach enables the use of different bus sizes on
different routes.

Leeetal.( 1995) furthered Shih and Mahmassani 0s
optimize bus size not just for each route but also for each peritaypfo that more than one
bus size can be used on one route. The findings show that a-fieieedperation is
preferable if the ratio of peak demand to-péak demand is more than 1.92. The model
considers only the fixed portion of the operating coacfion to influence the vehicle size.
Gronau (2000) investigated the viability of running two types of vehicles along the same
route; one type consisting of smaller vehicles to cater for high\tahee passengers, while

the larger type caters for lowentgvalue customers. The study found out that the usefulness
of a second type of vehicle would depend on two factors: its effect on waiting time and its
effect on invehicle travel time, and hence depends on the value of waiting versabiale

travel time.
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Ceder (2007) derives a simple formula that involves a toffdeetween vehicle capacity cost

and passenger waiting time cost. The assumptions are that operating cost per vehicle hour is
the same (independent of vehicle size and load carried), avemitiegwime is half the
headway, riding time is independent of vehicle size, and travel time and stopping time are
independent. According to the square root formula, the optimal vehicle size is proportional to
the square root of the number of passengemseda This being a cost minimization model,

the assumption that operating cost is independent of vehicle size might result in a larger than
optimum vehicle size being selected.

Del I 6 Ol i o et delel optnzetiéh)model withanstrairs b capacity.

The model assigns buses of different sizes to public transport routes by using the observed
levels of demand on each route to optimizing the headways. At the upper level the model
considers the optimizat i tingcogssftheserare uglgrstobdgandé s s
be the sum of the userds and operatorés cost
for public transport with constraints on vehicle capacity which balances the flows for bus

sizes and headways at each iterati

Most of the above transit vehicle size optimization approaches use costs magtly
generalized coststo optimize transit vehicle sizes. The possibility that different vehicle sizes
would achieve different occupancy rates, thus affecting the lbv@rstem capacity, is
ignored. Most previous approaches focus on the design of conventional bus systems which
provide fixedroute, fixedschedule, and coordinated operation. This study proposes an
approach to the optimization of bus sizes for uncoordinagensit systems operating in mixed
traffic. The study focuses on the fact that different vehicle sizes will achieve different
occupancy rates at different times of day.

1.2 Transit Vehicle Size and Roadway Utilization

Travel time increases with vehiclamgacity and occupancy because, firstly, bulkier vehicles

are often slowepatrticularly in congested conditions, and secondly, an increase in occupancy
means more frequent and longer stops for boarding and alighting (Gronau, 2000). Small buses
can be advaageous in severely congested conditions as they are more manoeuvrable than
larger buses. However, a very high service frequency may mean that there are often several
vehicles running in convoy. This can create significant congestion compared with a single
large vehicle carrying the same number of passengers (lles & Nielson, 2006). In order to
guantify the relative roadpace occupancy of different vehicles, traffic flow data from
classified counts is converted into Passenger Car Units (PCU) by multiptmcuiar flow

by the corresponding Passenger Car Equivalent (PCE). Highway Capacity Manual (HCM)
2000 defines PCE as fAthe number of passenge
vehicle of a particular type under prevailing roadway, trafficandedntr condi t i ons 0.

The 1965 HCM used relative reduction to determine PCEs for two lane highways using the
Walker method. For multilane highways, PCEs were based on relative delay due to trucks.
Werner and Morral (1976) proposed the headway method to deteP@ide on level terrain

at low levels of service. This considers that one of the primary effects of heavy vehicles in the
traffic stream is that they take up more space. Chandra and Sikdar (2000) proposed a
methodology for estimating PCE values for mixeaific conditions, by expressing PCE as a
function of vehicle area and speéthalini and Kumar (2014) reported that Demarchi and
Setti (2003) proposed the PCEG6s formula to
vehicles in the traffic stream, includj interaction between multiple trucks types, by
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expressing the equivalent passenger car only flow rate for a given v/c ratio as a fraction of the
mixed flow rate.

Most existing methods for estimating PCE values are based on measured delay caused by a
vehicle relative to the delay caused by a passenger car. As a result, many of them are suited
for data collected during periods of low Lex#tService. Most applications of PCE values

make use of the standard conversion factors provided in manuals suchvalsiéisegiven in

the Kenya Road Design Manual (1987). These values are not easily adaptable to certain
applications such as where marginal increases in vehicle sizes are considered. The method
proposed by Chandra and Sikdar (2000) is adaptable to diffeedntle sizes, different
operating conditions and different terrains, and was thus adopted for use in this study.

Model Development

The proposed transit vehicle size optimization model accentuates aotradetween
maximizing the occupancy of public frgport vehicles while minimizing their contribution to
congestion for a given level of demand. The procedure may be described as follows:

Step 1: Define Model inputs. These include: vehicle occupancy rate, vehicle sizes, passenger
car equivalence factorand the hourly passenger flows along a link.

Step 2: Inpudata: Occupancy data is collected directly from the field; occupancy rates are
then computed by expressing the level of occupancy as a fraction of the vehicle capacity;
vehicle size is a decisiomaxiable; passenger car equivalence is obtained by applying the
method proposed by Chandra and Sikdar (2000); passenger demand is measured as ridership
from crosssectional counts and occupancy surveys.

Step 3: A mathematical relationship is established/déen occupancy rate and vehicle size,
and between Passenger Car Equivalence and vehicle size.

Step 4: The resultant traffic in Passenger Car Units is established from the variables for
different sizes of vehicles. A plot is then made of vehicle size aghmsesultant flow.

Step 5: A vehicle size is selected that minimizes the resultant flow

2.1 Model Formulation

Based on the pedhkad factor concept (Ceder, 2007), the number of vehicles required to cater
for the passenger demand in a particular hogivisn by:

F; = ﬁ ISP & |

Y_;I"C
WhereEJlj is the average maximum number of passengers observiedaoth in period j, C
represents the capa sithe yoadofdctor aluring epériodcjl le .an a n d
uncoordinated transit system where the service is demand responsive and with no central
agancy, the frequency is not set. The capacity of transit vehicles varies, and the load factor is
difficult to enforce. In order to overcome these challenges, the equation was adapted as
follows:

1 Maximum number of passengers observedoard in period jfmj remains

unchanged
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T The | oa disrépaaedwth occumancy rate on vehicle size Z during hour j,
and the notation becomes o

1 Vehicle capacity remains unchanged but the notation changes to Z

1 Frequency, Fbecomes the flow of -8ized vehicles in hour j

Thus equatior3.1 above becomes:

P (2)
= e

F;

Where, R is the count of vehicles of size Z that would be observed during the design hour if
vehicle size Z is used.

In order to measure the contribution of vehicle size j to congestion along a roadway, the flow
of vehicles is conwted into the equivalent passenger car units by multiplying the equation by
the PCU value of vehicle size Z. Further, lower and upper bounds for occupancy level are
introduced in order to avoid crush loads or very low occupancy levels. Equation 3.2 thus
becomes:

P, +E
Fi=—"2 % . (3)
! Yzj'z

Fmin = Yz_;l' = ¥max

Where Fis the resultant flow of vehicles in hour j, in passenger car units, aigl the
Passenger car Equi vt e dacase the bwevaachupperbeunds forz e  Z.
the occupancy rate. The other notations are as previdefilyed. The proposed method is
thus a minimization model of Equation 3.3 above. It seeks the Z value that minimizes the
resulting i

1 Peak passenger loads were computed from-c@sional vehicle counts and
occupancy surveys. The approach is premiseti@method proposed by Kadiyali

(2002). Thus the peak passenger load is computed as:
N

Poj=max } Ppisyvnren v (4)

n=1
Where Rj is the passenger load carried by mode n along route segment i Ih the j
hour; N is the number of vehicle modes considered, | is the set of all route segment

along the study route, and j is the hour under consideration.

1 Vehicle size, Z is a decision variable. Z is a random number picked from the set of
positive integers.

1 Occupancy ratey; is obtained from its relationship with vehicle size, Z. A
mathemadt ¢ a | rel ati onshi p jagainseZsRranbhisithevaleed by
o f, can be obtained for any chosen value of Z, either by reading from the graph or

by computing from the trend line equation.
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1 The PCE values can be obtained by any suitaiefénod that gives a PCE value for
any vehicle size. In this research, the Passenger Car Equivalence values are obtained
by applying the method proposed by Chandra and Sikdar (2000). This methods

proposes that the PCE value can be obtained as follows:
VL'."

W, L o 4 2 2 2 2o«
PCE;=g-€éééééééé.5

LA
Where & and M are mean speeds of car and vehicle of type i respectively and A
and A are their respective projected rectangular area (length * width) on the road.
Methodology for Data Collection

The primary data for this study waellected along sevekilometre long section of the
NairobiT hi ka Hi ghway (A2), which | inks Kenyads
of Thika. The study section of the road was divided into two route segments, 3.2 and 3.7
kilometres long respéwely. Data collection was carried out for 12 hours (06&8830hrs) on

three weekdaysData collected included: Distance measurement along road segments,
classified traffic counts, speed studies, vehicle occupancy surveys, and measurement of
vehicle plinthareas.

3.1 Classified Traffic Counts

Classified traffic counts were carried out along the two route segments. Counts for
private/commercial and public transport were recorded separately. The traffic counts were
further categorized in terms of their seapacities as shown ifable 24 below.

Table 24; Classification of traffic counts

Category Description Seat capacity
Public Transport Vehicles 10-seater matatu 10
14-seater matatu 14
29-33-seater bus 31
50-52-seater bus 51
Private/commercial passenger cars 5
vehicles Commercial vehicles 3
10-14 seater private van 11
29-33-seater bus 30
50-62-seater bus 55

3.2 Vehicle Occupancy Survey

The windshield method wassed for collecting vehicle occupancy data. Random sampling
was used to make at least five observations for each vehicle type for eaghui® interval
between 6.30am and 6.30pm. For the case of large vehicles such as buses where it is not
possible to cont the occupants quickly, the observers would record the extent of occupancy
as full, three quartesmill, two thirds full, half full, and so on. These fractions were later to
occupancy by multiplying them by the seat capacity of the respective vehicles.

L YWaEEGdzQ Aa | Lldzof A O &S NIA @Snm@uatiori f@ hoBmokeythary Sy & I K |
twenty-five passengers exclusive of the driver, but does not include a motor car
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3.3 Modespecific Space Mean Speed

This is a measure of the speed of travel over a measured distance, rather than at a single point.
It is computed by dividing the length of the segment under consideration by the average travel
time of the vehicles traveing it. A 50 metre long basic freeway segment was marked out
along the second segment. Stratified random sampling was used to collect data in order to
include the different types of vehicles in the sample. The time taken to traverse the 50m
segment wasecorded. Data was collected for passenger carsedi@r matatus, igkater
matatus, 2&eater minibuses, 3ater minibuses, and -SRater buses. The data was
collected during ofpeak hours (1400hrs to 1700hrs).

3.4 Vehicle Plinth Area

This refers @ the road area occupied by a vehicle. First, a vehicle model survey was carried
out at same station as the speed survey described previously. This was achieved by carrying
out a 15minute classified vehicle count for passenger cars only. Passenger cars we
classified into five categories according on their shape and plan area. These were: subcompact
cars, saloon cars, hatchbacks, SUVs, and double cab pickups. External dimensions of each of
the categories were retrieved from the internet findim://www.automobiledimension.com/

For public transport buses, data on bus dimensions for various buses fsEaté& to 62
seaters was provided by Banbros Limited, a bus body manufacturing company located in
Kenya.

Results and Discussion

Motor cars comprised 71% of traffic along the road with public transport vehicles taking 20%
of traffic. The remaining 6% comprised goods vehicles, private vans and buses. Among
public transport vehicles, 1€eater vans took 2%4-seater vans took 53.4%, -38ater
minibuses took 23.5%, while Eleater buses took 21%. This represents in the proportion of
larger buses as compared to previous years (KenHA, 2007).

An average occupancy of 1.65 persons was established for privat8.6apgrsons for 10

seater vans, 12.7 persons forskhter vans, 32.5 persons forsg&ter minibuses and 50
persons for 5keater buses. Expressed as a percentage of the seat capacity, the average
occupancy rates were 33%, 86%, 91%, 105%, and 98% fey t@seater vans, ldeater

vans, 33seater minibuses and Sgater buses respectivelyccupancy rates for all public
transport vehicles were found to be higher in the morning hours than in the evening hours
while those of private cars remained moreessithe same. This shows a higher demand for
CBD-bound travel in the morning hours than the rest of the day.

4.1 Passenger Loads

51-seater public transport buses had the highest passenger loads on both route segments.
Among transit vehicles, large busemmnate the passenger loads followed bys88ter vans,
1l4-seaters and 1€eaters in that order. Large buses were found to take 49% of the passenger
load against 27% by 38eaters, 24% by igeaters and less than 1% bysHater vans.

4.2 Spacemean Speeds

This is a statistical term denoting the average speed based on the average travel times of
vehicles to traverse a section of a roadwRagssenger cars had the highest speed with an
average of 82.9km/h, igeater vans followed with 77.4km/h, -§6ater matas with
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73.5km/h, 5iseater buses with 73.4km/hr, -86ater minibuses with 72.8km/h, -6@ater
buses with 69km/hr, and 3®ater buses with 68.2km/hhe general trend indicated a little
reduction in speed with increase in vehicle size.

4.3 Vehicle PlinthAres

The 15minute traffic count of different sizes of passenger cars was tabulated and used to
determine the proportions of different car sizes on the road. The proportions of different car
sizes were used to compute the weighted average plan areassieager car as follows:

1 L s oz oz
A?J:; =146 eéé(6)

Where A is the average projected area of a passenger car, n is the number of passenger car
categories considered (six categories), and Ahe area of the representative model in each

size category. The owat average area for passenger cars was obtained as 7.74 square metres.
This was taken as the average area of a passenger car in all subsequent computations. The
areas of 10 and igeater vans were obtained as 7.5amd 7.96rmMrespectively. Plinth areas

for common buses in Kenya were obtained as 14.06n26-seater, 15.82ffor 29-seater,

17.08n% for 33-seater, 23f/tfor 51-seater, and 29.2%for 62-seater.

4.4 Relationship between Vehicle Size and Occupancy Rates

The relationship between vehicle sizzdaoccupancy rate was determined for the max load
hour along each route segment, by drawing a scatter plot of vehicle size against occupancy
rate. A line or curve of best fit was fitted to the data for each graph and a model governing the
relationship betwen the two variables generated for eaabe.Figure 43 and Figure 44

below show the relationship between occupancy rate and vehicle size along the two route
segments. Aihe of best fit is shown on each graph. For segments 1 and 2, polynomial curves
were fitted with squared Pearson correlation coefficients of 0.612 and 0.674 respectively (see
Error! Reference source not foun@ndError! Reference source not found.This implies a
moderate correlation between the two variables. The arithmetic equation for the modelled
values is shown on each graph.

120%
100% ./ * =2
y=-0.00024x2+ 0.01715x + 0.72536
80% RI=0.61232
g
=
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Vehicle size {No. of seats)

Figure43: Percetage occupancy vs vehicle size along segment 1
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Figure44: Percentage occupancy vs vehicle size along segment 2

4.5 Relationship between Vehicle Size and PCE Values

Passenger Car Equivalence vales for different vehicle typesomsenputed using Chandra

and Sikdar os
values and vehicle size was then established by plotting vehicle size against PCE values. A

(2000) me

t hod

as

descri

bed

line of best fit was fitted to the data and a modelegning the relationship between the two
variables was generateHrror! Reference source not foundelow shows a plot of PCE

values against vehicle size. A line of best fit was added and an equation for théednodel
values is shown on the graph. AARlue was obtained for the trend line indicating a strong
correlation between the two variables. From the equation generated, a PCE value could be

computed for any vehicle size.
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Figure45: Passenger Car Equivalence vs vehicle size

4.6 Vehicle Flows Simulation for Peak Demand

The equation below (See Section 3) was used to generate resultant flows for a range of

vehicle sizes with capacity ranging from 5 seats to 100 seats, for peak demageadh

route segment.

Fmin = Yz_;l' = Vmax

i

-P."I‘I_[’:"EZ'

¥ej-d
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The proposed method is thus a minimization model of the above equation subject to the limits
of occupancy rates. From this data, flow was plotted against vehicle size for a range of
vehicle sizes. A fie of best fit was fitted to the data and a model governing the relationship
between the two variables was generated.

Table 25 below shows the peak demand values for each route segment. It also gives the
equations used to computec ¢ u p a,nandyPCE walues, zEalong each route segment.

These equations were generated in the previous section. Vehicle size values were generated as
integers between 10 and 150. Thus, occupancy rate and PCE value could be computed for
each vehicle sebetween 10 and 150 seats.

Table25: Peak demand values and equations used to model occupancy and PCE
values

Segment PeakDemand Y vs Z EvsZ
1 10819 y' =-0.00024% + 0.01715x + 0.72536 y = 0.062x + 0.481
2 20329 y =-0.00009% + 0.00679x + 0.88138 y = 0.062x + 0.481

For each section, the resultant flows in PCU/h were computed for each vehicle size in terms
of number of seats, by applying equationFigure 46 and Figure 47 below are plots
showing the relationship between vehicle size and the resultant traffic flow, in PCU/h for
segments 1 and 2. The type of trend line was selected to ensureviiiaeRof the resulting

trend line was above 0.5. A line of best fit is shawneach graph .Second order polynomial
curves were fitted with squared Pearson correlation coefficients of 0.944 and 0.924
respectively. The arithmetic equation for the modelled values is shown on each graph.
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Figure46. Segment flow vs vehicle size
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Figure47. Segment 2 flow vs vehicle size

For segments 1 and 2, optimum values for transit vehicle size were obtained by equating the
first derivative of the vehicle sizigow equation to zero, then solvirigr x. Table 24 below

shows the peak demand, first derivative of the vehicle-fkize equations, the optimum
vehicle sizes and the resultant vehicle flows for segments 1 and 2. An optimum vehicle size of
45 seats was obtainedrfthe segment 1, resulting in a vehicle flow of 1478PCU; while an
optimum vehicle size of 56 seats was obtained for Segment 2, resulting in a vehicle flow of
1455PCU.

Table26: Optimum transit vehicle sizes for segments 1 and 2

Segrment Peak Demand dy/dx Optimum vehicle size Flow
(Number of seats) (PCU/h)

1 10819 y'=0.762x- 34.34 45 1478

2 20329 y'=0.652x- 36.28 56 1455

SUMMARY AND CONCLUSIONS

The main objective of this study was to develop and apply a model for selsuattagle

transit vehicle sizes along the Nairdiliika Highway.Optimal bus size entails traadfs
between vehicle size and operational variables for a given frequency of service (Ceder (2007).
Most of the earlier models concluded that it was more efffidie use smaller buses at higher
frequencies (dell 6 Olio et al, 2012). The us:
frequency for a given service capacity, but costs more to operate per seat provided. Further,
most of the earlier models farehicle size optimization deal with operator and user cost
minimization. In contrast, the proposed model gives the resultant flows in PCU of public
transport vehicles that would theoretically result from the selection of a particular vehicle
size. The inpt variables for this model are occupancy rates and vehicle PCU value. The
model was applied along the two segments of the study route. The optimum vehicle sizes
were established as 45 and 56 seats for route segments 1 and 2 respectively.

The proposed mad thus offers a simplified approach to vehicle size selection. It can be used

to guide policy on transit vehicle size restrictions. For instance, it can be used to determine
how close to the city centre certain vehicle sizes should be allowed. Henableslaitations

for transfer stations and terminals for upcountry vehicles can be identified. However; further
investigation is required to identify more variables that have an influence on vehicle size in
uncoordinated bus systems.
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Simulation of MT movement through microfabricated guiding track designs
towards system integration into nanodevices

Chelangat, W.

Dedan Kimathi University, Msc. Advance Manufacturing and Automation
Engineering, winnykoechl7@gmail.com

Interfacing of biological system with the synthetic environment is a new upcoming
field which will lead to the expansion of nanoscale devices and systems. Biological
systems can move, safsemble and maintain its dynamic state far from the
thermodynamic equilibrium. Investigation of different motor proteins like
Microtubule powered bythe kinesin motors will aid in extracting the overall
principles that govern them. The principles will aid in designing the artificial dynamic
system like the microfabricated guiding track and surface sensing probes. The systems
can be studied in detaigsxd will ultimately lead to the innovative implementation in
biomimetic smart assemblies and materials like lab on chip devices. Our aim is to
simulate the movement of the molecular shuttle (microtubule powered by kinesin
motors) in a microfabricated traclesign in order to extract the governing principle

for integration into the nanoscale devices. The simulation will be validated through
the experimental data obtained from the lalblonte Carlo simulation will be
developed; which model the guiding tradkapes then obtain the properties of the
microtubule movement along the microfabricated track designs. The appropriate
gliding speed will be obtained, the appropriate external force for uniform movement
of microtubule will be obtained and the appropriatedigng track design will be
recommended. Overall, this research will aid in utilizing the potential of molecular
machines in developing the nanodevices and synthetic nanoscale systems. However,
its application will be restricted only by our inventivenasd imagination.

Key words: Microfabricated, microtubule, nanoscale, systems, devices
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Kenya hadimited forest resourcegovering about 7.2 % of land area. Kenya is the
largest regional producer of furniture in East Afriddne furniture value chain in
Kenya is crucial both temployment and economic growth in the countiyis paper
provides a valechain analysis of the furniture industry and assesses the available
policy options and recommends <critical
developmentA total of 244 respondents from 16 counties were interviewed and
discussions held with kegctors in the value chain. The results indicate that the
furniture market is worth approximately US$496 million in sales, with a Compound
Annual Growth Rate (CAGR) of 10% over the past five years. Furniture imports are
worth US$66 million, (13 % of the takt market) and growing at a CAGR of 24%
(20092014). Labour productivity for the informal furniture subsector, estimated at
US$ 114 to 609 annually is much lower than US$ 2300 estimated for the formal
furniture firms despite the former accounting for 0886 of the employees. The
main challenges include: constrained input supply, limited labour skills and poor
production facilities, lack of furniture specific data and statistics, limited access to
appropriate infrastructure, technology and markets andtelimnengagement and
collaboration between different stakeholders. The strategic interventions include:
enhancing collaboration, linkages and synergies among stakeholders; increased
supply of inputs; improving innovation and quality; enhancing access tostioraad
regional markets and inducing greater demand for Kenyan furniture products. It is
concluded that the huge interval in the estimated size of the furniture industry makes
it hard to postulate policies and strategies with precision and certaintiyefroore, if

the identified constraints are tackled, Kenya has the opportunity and potential to
expand its furniture industry to meet growing local and regional demands. Strategies
that address the identified challenges are recommended.

Key words: Kenya, furniture, value chain
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Effects of Staff Training On Performance of Public Organizational In Kenya A
Study onKenya Schoolof Government, Embu Staff Perception on Current
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Abstract

The study aimed to establish the effects of staff training on peafoze of public
organizational in Kenya. Researches show existence of a direct correlation between
staff training and the general performance an organization. Staff training plays a
pivotal role in enhancing organizational performance. In the wake of;&¥rson

2030, enhanced public service reforms and Kenya constitutional 2010, the importance
of training staff cannot be overemphasized. Government organizations and private
institutions have embraced the culture of training staff and adopted various anddes
methods of training. The objectives of this study were; to find out how mentorship,
how internal training and how trainee selection affects KSG Embu performance. This
study employed descriptive research design to collect and analyze data. All 103 KSG
Embu employees were targeted under following categorizes; administrative, teaching
and nonteaching staff. Stratified random sampling method was used to select a
sample of 20 respondents. Structured questionnaires were used to gathering data
which was proessed quantitatively. Microsoft excel package was used to ease
analysis. Data was presented using tables, graphs aruhagrts. Study findings
revealed that internal training greatly enhanced organizational performance while
mentoring and trainee selemi process had both positive effects on the general
performance of a public organizational. The study concluded that staff mentorship,
internal staff training and trainee selection process had direct correlational effects on
the general performance of KenySchool of Government Embu. The study
recommends that; the school employer need to ensure that all staff were capacity
build to acquire necessary skills, knowledge and competencies that leads to
continuous general improvement in performance of the Sck&G director and
Human resources officers to initiate mentorship programs for all staff and trainees
selection be streamlined or be structured to cater for training needs all staffs in KSG
Embu.

Key words

Performance, trainees, mentorships, selection, Kga vision 2030, Kenya
constitution 2010,
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Abstract

Agriculture continue to be the dominating and the leading sector of the economy in
Kenya, agriculture contribute about 25 percent of the Gross Dank&stiluct and is a
source of employment to 40 percent of Kenyans. This sector offers employment to
more than 70 percent of the population in the rural areas. How this sector performs
directly affects the general performance of the econdm¥enya there i@ many

laws and legislations as well as plans for the different phases of growth in agriculture.
But in regards to marketing of agricultural produce, policies taken up haven't been
entirely doing well, mostly since the laws are disjointed in additionctoptacing
marketing systems that are orderly and guarantees the farmers a market that is reliable
for their produce countrywide. This study examined the influence of agricultural
policies on market access by 380 smallholder cereal farmers in BuwgoButy.
Descriptive research was adopted for the study, data was collected using well
structured and validated questionnaires. Statistical Package for Social Science (SPSS)
was used to analyse the dataset while a logistic regression analysis was conducted.
The research established despite there being many agricultural policies most of the
farmers were not aware of them. They however felt that if the policies were well
implemented they could easily access markets for their produce. The study concludes
that agrecultural policies affect market access by cereal farmers and recommends that
various policies be streamlined for easier implementation.

Key words: smallholder, agricultural policies, farmers, market access,

INTRODUCTION

Market access is an subject thaveral governments from underdeveloped nations,
supporters as well as NGOs keep on struggling with. Markets for farm produce are
frequently viewed at as important constituents for growth of the economy as well as
for tackling poverty. Accessing markets bgnallholders is nevertheless laden with
difficulties. The issues of accessing markets that give way to linkages both locally and
internationally that attest to prospects as well as difficulties for farmers with small
holdings in the rural area (IFAD, 2010)

This study was carried out in Buuri Sabunty is in Meru County, Kenya, in its first
county Integrated Development Plan 2€A®BL7, Meru county government noted that
andthe county relies heavily on agriculture, and these agricultural produce are sold
without any form of value addition thereby fetching low prices in the maBkeiri
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Subcounty is in the Northern Grazing Area (NGA) where small scale farmers have
settled though the area is predominately samnd and farmers rely on rain fed
agriculture. Biuri has a population of 109,803 persons, an area of 987 square
kilometers containing 36,880 small scale and 21 large scale farmers (Kenya National
Bureau of Statistics [KNBS], 2013).

According to Patrick and Rosemary (2006), regulations for farming iactad
government regulations that affect how stable the prices of input and output are and
their level of any investment that affect farm production, expenses as well as incomes
and sharing of wealth. In Kenya regulations on agricultpyetes approximalg
towards the key objectives of rising production as well as increasing proceeds,
particularly for small farmers, improving security of food and fairness, prominence on
irrigation to bring in steadiness in commercialization, as well as yields of agratultu
produce, and intensify farming mese amongst smallholder farmers through suitable
and involvement of all stakeholder in formulating policies as well as sustaining the
environmentThese policies affect farming and market access for farm produce eithe
directly or indirectly.

Alila et al (2006), agricultural guiding principles or policies are made up of
resolutions by the government that impact the intensity and steadiness of inputs and
yield costs, communal use of funds on projects that affectuptioth in farms,
expenses as well as incomes and the distribution of wealth. These policies influence
farming directly as well as indirectly. Enhanced farming produce has been noted to be
a major general goal for decrease in paucity in any nation. Alda(2006) noted that

the goals of the stratagem of the agricultural include escalating growth in agricultural
sector, viewed as significant for rising incomes for the rural poor as well as making
certain there is unbiased distribution of resources.dny the policy on agriculture
gyrate more or less around the key objectives of growing output as well as increase in
returns, particularly for smallholder farmers, improved food security as well as
impartiality, importance on irrigation to initiate constg in farming production,
commercialisation and strengthening of farming more so amongst the smallholders,
suitable as well as all inclusive strategy formulation and ecological sustainability.

Alila et al (2006) stated that the SRA 2004 in Kenya waskskeed to work hand in

hand with the Economic Recovery Strategy in crop growing and animal husbandry so
as to emphasize cooperation between the public and the private sectors so has to
enhance markets, make it possible for competition to thrive, endigetive
resources use as well as make better dmusih prosperity. Farming in Kenya mostly
relies on weather conditions therefore it is necessary to lay down vigorous adjustment
structures which will concentrate on susceptibilities of climate changehaedts
previously felt and the future ones. Planning to adopt climate changes ought not to be
looked at as a fresh division of community laws instead it should be viewed like an
important component in a collection of plans whose aim is lessening of yp@agert

well as bringing forth of long lasting development of the people. But in regards to
marketing of agricultural produce, policies taken up haven't been entirely doing well,
mostly since the laws are disjointed in addition to not placing marketing systam

are orderly and guarantees the farmers a market that is reliable for their produce
countrywide taking into consideration the perishability of the produce and risks which
may be related to these measures. Additionally, the capability of the stashiold
agribusiness moreso in the buying and selling of farm produce as well as inputs is
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inhibited by lack of finance or capital, infrastructure that is poor, undeveloped
entrepreneurial skills, legal and institutional structures that are not concscivell

as an inadequate competition. Therefore farmers who are the producers do not receive
returns that are fair.

Markets for farm produce are most of the time considered an important component for
the development of Kenya's economy as well as redymomgrty. Good markets will
ensure the attainment of Sustainable Development Goals on ending poverty, ending
hunger and also ensuring good jobs and economic growth. Market access is a
restrictive issue which must be considered by governments of develogiiogs,

their supporters and NGOs\ccessing markets by smallholders is laden with
difficulties. In Kenya there are many laws and legislations as well as plans for the
different phases of growth in agricultur&enya's Vision 2030 lays emphasis on the
necessity to boost worth in farming, rearing of animals as well as fishing. Vision 2030
gives an overview of seven major schemes in crop and animal areas. The major goal
in the any policy is meant to rouse the agricultural sector in the direction of the
preferred development so as to realize the dream of a country that is food secure.
Despite being a great as well as a worthwhile goal, its achievement is marred by
challenges. In regards to marketing of agricultural produce, policies taken up haven't
beenentirely doing well since the laws are disjointed they do not introduce marketing
systems that are orderly and guarantees the farmers a reliable market for their produce
countrywide and are not well implemented.

According to FAO (1997), the meaning of dthalders vary amongst nations and

also amongst agrecological regions. In regions that have favourable farming
conditions that have high populations, they farm fewer than an hectare of land, but
they may also possibly farm 10 hectares or higher in dnedasre serparid. For the
purpose of this study this will be someone who farms or cultivates 5ha of land and
these farmers rely on rain to grow their produce and they depend on harvest seasons
which are two per year to harvest and sell their produce.

Research objectives

The study sought to accomplish the following objectives:

1. To examine the agricultural policies in Kenya

2. To assess the farmers level of knowledge of agricultural policies
3. To determine the effect of agricultural policies on markeéss
METHODS

Research Design

The researcher used descriptive design in this study, the design was flexible and
allowed the researcher to collect the appropriate data, both qualitative and
guantitative.
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Target Population

The study targeted all smallhold@armers in Buuri SHECounty. According to Meru
County Directorate of Agriculture (2015) Buuri has 36,880 smallholder farmers.

Sample and Sampling Procedure

The sample size was drawn by use of a sampling matrix by Krejcie and Morgan
(1970). As the poputen size is 36,880 from the matrix the corresponding sample

size is 380. The questionnaires were administered by the researcher. Secondary data
was found in government records and documents that is the policies in agriculture and
the data on the number sihallholder farmers in Meru county.

Validity and Reliability

To test the validity of the questionnaire it was presented to an expert, this was to assist
get an idea for the practical accuracy and accurateness of the questionnaire, how big
the questionnag will be and how much time will be required to answer the questions.
While Alpha Test of Reliabilityvas used to test and ensure inner consistency of the
model used. Tavakol (2011) stated that the score that is deduced from the test should
be in the rang of 0- 1 and is used to interpret and establish the inner consistency of

the calculated variables. Obtaining score of 0.7 and greater indicates a higher internal
reliability of the scale items. The overall score for this study was found to be 0.843,
thusindicating a good reliability.

Data analysis

SPSS was used in the analysis of the dataset and descriptive statistics, which include
tabular, graphical and numerical representation of data were used to present the
results. Logistic regression was use@dmalyse the dataset, it is defined as an
arithmetical technique use to analyse data where the independent variables are one or
more and decide on the end result.

RESULTS AND DISCUSSION

Response Rate

The researcher administered 380 questionnaires whashlve sample size of the

study, the number of those who that correctly answered were 375 (98.7 %) and 5
(1.3%) had errors thus not suitable for the analysis. 98.7% responses were found to be
very significant to carry out the study by the researcher.

Farm Size and Ownership

The study sought to analyse the farm and family size of the respondents. This was
deemed useful to understand the sizes of the family and farm tilled and to ascertain
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they fall within the smallholding category set out for this reseavbith was less

than 5 hectares of land. On the size of farm tilled majority of the respondents (57.9%)
indicated that they tilled a land of less than one hectare, 33.6% tilled a land of 2 to 3
hectares while 8.4% were tilling 4 to 5 hectares of |&wdhoko and Oladele (2013),
noted that size of a farm does not have any impact on better proceeds since smaller
farms can yield higher per acre more than huge fadmdand ownership 88.3% of

the respondents stated that they owned this land while the hhd@%ased.

Level of Education

Table 1: Respondents Education Level

Education Level Frequency Percent
Primary 170 45.3
Secondary 157 41.9
Tertiary 19 5.1
None 29 1.7
Total 375 100.0

As shown in Table 1, 45.3% attained a primary level educatiofi%attained a

secondary level education, 5.1% attained tertiary level while 7.7% did not have any
basic education. Majority of individuals in the stunty were found to have attained
formal education. On educatidBptlhoko and Oladele (2013) estabkshthat

educated farmers are more probable to accept modernization than uneducated farmers,
therefore, their production is enhanced resulting to larger farming proceeds. While
Gilbert et al (2001), noted that education played a very vital role in thefsale

produce for the farms by having less transaction costs.

Source of Income

The researcher sought to determine the source of income for the farmers in Buuri Sub
County. This was important in understanding the economic activities of the

respondents, Alenet al (2008) noted that income from farming activities may

contribute to what is sold if it is invested in the farm. To achieve this the respondents

were given three options to choose from that farming only, farming with business and
farming with enployment. As indicated in Figure 1, the study established that, 76.5%

of the respondents had farming as their sources of income, 19.2% farming with
business and 4.3% of the respondentsd inc
alongside farming.

199



Fig 1: Souce of income

300 187

No. of Respondents

Farnmung Only Farnung With Farnung with
Business Employvment

Source of Income

M Frequency Percentage

Level of Knowledge

The level of knowledge of agricultural policies amongst the smallholder in Buuri was
low as 72.6% were not aware of any policies while 27.4% indicated they had some
awareness on policies on weights and measures gogenarketing of produce. This
could be attributed to the level of education among the respondents as 5.1% had
tertiary and higher level of education, 41.9% had secondary education level, 45.3%
had primary level education while 7.7% did not have any lemkication.

Taxes

Type of Fee Charged for Selling Produce

Fee Frequency Percent
Tax 1 0.3
County License 11 2.9
None 363 96.8
Total 375 100.0

Table 2 shows that only 0.3% and 2.9% of the respondents indicated that they pay tax
and county license rpsctively but they only pay when they sell their cereals produce

at the main market while 96.8% did not pay any form of tax. On taxation Gitau et al
(2009) stated that Strategy for Revitalizing Agriculture (SRA) identifies key areas
among them improving aess to markets for example through rural roads

development and internal taxes.
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Set Prices

Buyers were found to set the prices for the produce with 98.4% of the respondents

stating so, while 1.3% of the respondents stated that the farmers did setekdaqri

their produce and 0.3% of the respondents indicated that government was responsible

for setting the prices.

Agricultural policies in Kenya

The Kenyan Government has formulated various policies over periods of time to deal

with reduction in poveytand food security. These policies include:

Policy

Year

Purpose

National Food Policy

Sessional Paper no.
of 1981

Sustain food sel$ufficiency and to
guarantee food of nutritional value
is equitably distributed to all
Kenyans.

National food policy

sessional paper No.2
of 1994

Promote a market focused look to
food security

Kenya Rural 20022017 Emphasized food security as the
Development Strategy first step to alleviating or reducing
(KRDS) poverty and rural development
Economic Recovery | 2003-2007 Achievement of wealth and
Strategy(ERS) employment creation

Strategy for (SRA 20042014). Provide a framework to increase
Revitalizing agricultural productivity, to
Agriculture promote investment and encourag

private sector involvement in
agricultue.

Kenya vision 2030

launched in 2007

The vision identifies agriculture as
the key mover o
GDP to 100%.

Agriculture Sector
Development Strategy

(ASDS), 2009

To align sector initiatives to vision
2030.

The National Food
Security and Ntrition
Policy

(NFSNP), 2009

Deals with the necessity for better
food and sustenance security,
coordination of information
management systems and the rolg
of various ministries and agencies
to achieve food security.

Agriculture Act

(Cap 318)

Aims topromote and maintain a
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stable agriculture, provide
conservation of soil, stimulate
development of agricultural land

price stabilization and Aims to:
producersupport

. . : () imports by the National Cereals
prices for maize policy

and Produce Board (NCPB)rfo
strategic grain reserve (ii) supply ¢
maize to millers at prices fixed (iii)
fixing the purchasing price of maiz
(iv) input subsidies on a continuou
basis

Table 3

Effects of agricultural Policies on Market Access

Effect Frequency Percentage
Very High 285 76.0

High 83 22.1
Moderate 7 1.9

Table 4 shows the effect of agricultural policies on market adoelsates the effect
was very high with the majority of respondents at 76% stating so.

CONCLUSION

The farmers in Buuri were natvare of any agricultural policy, since they sold their
produce to middlemen they did not pay any tax or cess to the government and the few
who paid did so when they sold their produce to the urban market. The buyer set the
prices of the produce, this caukead to exploitation by the middlemen by giving the
farmers lower prices than the prevailing market price.

Though policies on agriculture have been developed over time little has been done in
regards to marketing of cereals save for tariffs that haae in@posed and lifted but

not felt by the farmers. The level of knowledge on any agricultural policies was very
low, thus in cases of exploitation farmers were not aware has it was the buyers who
mostly set the prices. The effect of agricultural policiesrarket access as very high,

an indication that if the policies are well actionalized they would greatly benefit the
farmers.
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RECOMMENDATIONS

Farmers need to be sensitized on use of formal agricultural information from
agricultural officers. This wouldssist farmers in getting the correct information
about the market and the government should formulate policies to make market
information available to all farmers. This would make market information a public
good therefore available to everyone who need$ie government should
synchronize the different agricultural policies and have the extension officers
disseminate the knowledge on the various policies to the farifeolicies
formulated and implemented should guarantee farmers a market forrtidhice.
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An assessment of KeyCT skills for specialneedspeople andentrepreneurship
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Abstract

Entrepreneurship is not meant to be enjoyed by normal people only but also to special
needs group this includes the deaf people and the blind people .This paper examined
the technology and skills neatlby special needs people that is the deaf and the blind
category. The study used desk research where online journals and information were
reviewed .The findings revealed that for the deaf to succeed in entrepreneurship, they
needed A higfspeed internetVideo relay services (VRS) assist us to communicate

in sign language with an interpreter who then speaks to a hearing person via the
phone, Video remote interpreting (VRI) allows hard of hearing business owners to
communicate with people in the same lomat which is great for business meetings

and Smart phones and apps k&, created by deaf people for deaf people, provide
reattime captions .For the blind the study found out that they ne€al@sl Recorder
Speech Compressor, Talking Computer Termikairzweil Reading MachineQptacon,
Talking CalculatorsPaperless Braille Machine§omputer Driven Braille Printer. The
study further noted that most modern equipment for the blind are expensive thou of
help to the entrepreneurs .The study thereforgpgmed subsidy in technology
equipment to facilitate special needs entrepreneurship

Key words : ICT Skills, Special needs people Entrepreneurs, Entrepreneurship ventures

205


mailto:elingitokwi@yahoo.com

Use of Public Private Partnerships as an Innovative Tool for Achieving
SustainableDevelopment Goals in Nairobi County, Kenya

Dr. Lucy Kibé®* and Justice J. Mutua Nzidki
School of Business and Economics, Mount Kenya University
www.mku.ac.ke
Phoné&*: +254703453636 Emailuciakiva@yahoo.com
Phoné&: +254726061917 Emailnutuajustice @gmail.com

Abstract

Developing countries have laid a continuous emphasis on Feibkate Partnerships
(PPPs) as a superlative taol achieving Sustainable Development Goals (SDGS).
PPPs have become a dominant model and proved to be an effective mechanism
through which Kenya, in line with global trends, is striving to provide the much
needed infrastructure and services. The main @arpdthis paper is to provide expert
knowledge on how to manage and implement successfully the innovative agendas of
SDGs through PPPs. The specific objectives will be to assess the adequacy of capital
planning; to establish the level of capacity buildiagd to assess the intensity of data
management towards achievement of SDGs
guide the society and global development cooperation in a variety of aspects: People
ending poverty and hunger; planetitiate positive ad reliable measures to climate
change; prosperity fortify fulfilling lives; peace amicable, just and inclusive
coexistence for all. Kenya through the PPP Act 2013 created structures that ensure a
smooth operation of PPPs. The main source of data ferréisearch is a study of
various PPP initiatives in Nairobi County geared towards achieving SDGs. The study
is centred on a mixed research methodology and descriptive research design. The
target population is 15 PPP projects across Nairobi County selesitegl purposive
sampling. Interview guides and sestriuctured questionnaires are the main tools of
data collection. This research shall adopt descriptive statistics analysis. Data will be
presented as frequencies, figures, and tables. This researchhadtespital planning;
availability of budgets and other financial resources, new assets and replacement of
old and worn out machinery, capacity building; acquisition of skills, knowledge and
other competencies and data management: collection, storagesging, analysis

and interpretation and dissemination of results are key influencing determinants to the
use of PPPs for sustainable development.

Keywords Sustainable development, pubfidvate partnerships, capital planning,
capacity building, and a&a management

1.0INTRODUCTION

Public private partnerships have become a super model trough which developing
countries can achieve sustainable development. Sustainable development is tailored
on a vision, ambition, a target and a measure for countries wghrds to a
sustainable future and sustainable development. PPPs are sometime contrasted to
public delivery method. Under public deliver, key to note is that a government agency
designs, build and finances the related service or infrastructure. Thetefqoaklic
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agency remains responsible for the infrastructure and related services and is fully
responsible for all the project risk®elmon, 2014)

Under the PPPs model, significant risks such as designing, delivering, operating,
monitoring and maintaingnand partly financing the related projects are transferred to
the private partner. The roles, responsibilities and risks of the partnership are formally
outlined in the PPP contract. PPPs can directly address the provision of social services
and healthcar by improving the coverage, quality and accessibility. PPPs are a bright
avenue to ensure inclusive and affordable quality education for all for long life
learning through vocational educational facilities and services. PPP initiatives can
also involve devery and management of water and sanitation infrastructure and
servicedHoppe & Schmitz, 2013) PPP initiatives in Kenya have targeted the energy
sector through generation, distribution and transmission including renewable energy
initiatives.

According to lossa and Martimort (2012) there has been multiple occasions where
PPPs have been perfectly involved in building resilient infrastructure, making cities
safe through sustainable security, ending all forms of poverty through job creation,
actively invdved in ensuring gender equality and empowering all women an girls,
promoting sustainable consumption patterns, combating climate change through by
regulating emission and designing projects to withstand the future impacts of climate
change related events.

Capital planning is key in budgeting for resources of a PPP projectdamgplan.

Proper capital planning brings about sound financial stability for a PPP project thus
ensuring that budgeting for new and replacement of machinery, research and
developmenand other major capital expenditures. Without proper capital planning
mechanisms itodés difficult for PPP project
Financial dyslexia is the major reason as to why many PPP projects fail. Without
proper finanang projects will delay leading to an escalation of costs thus failure in the

long run(Maheshwari & Varshney, 2010)

Capacity building in PPPs ensures that the partnership and the project in general is
able to obtain, improve and retain the skills knowkdgols, equipment and other
resources needed to ensure that the project is managed and completed competently to
a great capacitgTeferra, 201Q)Capacity building brings about capacity development
that greatly empowers the PPP initiative. Focusing gaaty building brings clarity

in understanding obstacles that inhibit PPPs form realizing their development goals
and enhancing their abilities thus allowing them to achieve measurable and
sustainable result§Heslop & Vivienne, 2010) With the increasingconcern on
climate change and in order to ensure local communities are empowered to be self
sustaining, capacity building has become a crucial part towards achieving sustainable
development.

Data management has slowly evolved to information managemeninewtated
information data management easily helps in resource management thus improving
performance. Data is the most valuable resource in a PPP project. Data management
very much depends on what you do with it. \Afehnaged data should be easy to
acces, clean and well integrated with the PPP project. Data should go through a
proper data analysis system as it flows though the project. Ease of data access is key
and proper technologies should be in place to make access to data easy and efficient.
Data quality should be credible and usable for the intended purpose. Data integration
mechanisms are important to facilitate combination of different data from multiple
sources. According to Kjorstad (2015) data management aids in the development and
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execution ofpractices and policies that properly manage the full lifecycle of a PPP
project.

1.1 Background study
1.1.2 Global perspective

Developing countries in Asia and the Pacific worked towards sustainable
development by strengthening the delivery of infrastmecand socidealth services
through PPPqMathieu, 2016) Most countries in this region, inline with global
trends, have established long term contractual relationships between public and
private parties. Collaboration with private parties involves mpitive tendering
process in which the financing required is provided by the private partner and
sufficient risks are transferred to private partner and remunerations linked to their
performance.

In Philippine, PPPs initiatives such as the Jakarta Adasfance project, the Manila

Bay Integrated Food Control and the Coastal Defence and Express Way Project. In
Australia PPP solutions were considered for developing social ho(dimgsing
Choices Australia, 2012 o enhance security and reduce lossestal@xposure and
deterioration the Indian government developed grain storage facilities in Punjab
through a PPP initiativdFC Advisory Services, 2011)

In Samoa, the outsourcing of road construction projects to the local Samoa private
companies greatlyimproved the quality of roads according to an African
Development Bank studgAsian Development Bank, 2018The mining sector in
Indonesia introduced specific requirements for community development in mining
through public private partnershigBwC Indonsia, 2018) PPPs were used in the
development were considered in the development aquaculture and the fisheries sector
in a socially and environmentally responsible manner.

1.1.2 Regional perspective

PPPs in Nigeria were widely accepted and used in aclyisustainable infrastructure

project (Aliyu, 2013) The Lagodbadan Expressway, Maervis Management of
Airports, LekkiEpe and KuteBagana Bridge are perfect examples of PPP projects in

Ni geri a. However therebds need guaeHPBr mul a
procurement and contracting.

According to a report by the Government of Ghana (2015) the government has shifted

to PPPs for developmerfAfrica Infrastructure Country Diagnostic , 2015)he

report indicates that the government of Ghana thrabghMinistry of Finance has

embarked on a massive sensitisation drive to create awareness, improve knowledge

and understanding of PPPs. This has attracted advocacy for PPP on a national level
and use it as a formidabl e gapoirodrderttam c | 0 s
accelerate socieconomic development. The-development of the of Salaga market

in the greater Accra region and the Ac@ema Motor Way are perfect examples of

PPP project in Ghar@@gnfraPPP Partners, 2018)

In South Africa energy projédubbed Offshore Supply Base in Western Cape town
and the Durban port cruise terminal are among the many such partnership projects
driving the South African economy to sustainable developrfieffaPPP Partners,
2018) The South African PPP environmenvery strong with a solid tract record of
delivering major infrastructure and so@oonomic projects. This has mainly been
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brought about by the presence of firm legal framework that guides and governs PPP
initiatives (National Treasury, 2004)

1.1.3 Loal perspective

The Konza Technology City project in Makueni County is an ICT sensation project
that has grabbed the headlines for a couple of years now. This project is part of an
economic blue print PPP project geared towards transforming Kenya inteeroidsi
economy by 203QAdvantech Consulting, 2017)

The construction of a Coal Fired Power Generation Plant in Lamu is consortium
bet ween East African Centum investment a
was commissioned in 2015 will add more thabQMega Watts of energy to the

national grid(Oxford Business Group, 2015)

The commencement of this project also culminated to another PPP project dubbed
35MW Ormat Orpower Geothermal power project in Olkaria, Naivasha. The project
is a PPP green fielgeothermal electricity generation project whose aim is to increase
more Mega Watts of power to the national grid in an eco friendly way.

The MombasaNairobi Dual Carriage Toll Project is a mega PPP initiative between
Kenya and the American government thgh the Kenya National Highways
Authority (Government of Kenya, 2018Jhe over 400 Kilometre road forms part of
the longer Trang\frican Highway and will be the main transport route serving East
and Central African countries from the Indian Ocean Seapdfombasa.

Likoni Cable and Expressway project is an initiative between the Kenya government
and the African Development Banfnfrapppworld, 2017) This PPP project is
currently under construction and is expected to complete by 2020. The project will
offer Kenyans safe and secure transport across the Likoni harbour. This will be more
cost efficient to operate compared to the conventional ferry system.

1.2 Statement of the problem

A World Bank Benchmarking Report in 2016 revealed that Kenya is amortgphe
most countries in Africa as regards preparing an ambient legal and regulatory
framework through which PPPs can thri¥&orld Bank, 2016) While Kenya is still

at the top cream as regards the regulatory framework, there is much room for
improvement. Thee are many areas that require greater clarity and reviewing.

PPPs contribute in several ways in the delivery of services and infrastructure in a
country. They can easily improve the volume and pace of infrastructure delivery in by
effectively mobilizing he technical, operational, managerial and financing capability.
PPPs improve the value for money improving the efficiency of capital consumption.
An opportunity exists for developing countries like Kenya to establish the -much
needed PPPs and ensure theyntigoute optimally to attaining sustainable
development.

Kenya needs to move with haste and ensure PPPs are well initiated in the sustainable
development agenda. Developing PPP projects that lead to sustainable development
have to be directly linked to s@l and economic development infrastructure and plan

for the country. There is a dire need for an immediate country guidance mechanism
whobés intend is to provide the much need
maximizing the contribution by PPP3his guidance will act as a reference by

leaders, experts, manager and practitioners from the public and private sectors as well

as the civil society who act as a watchdog for PPP initiatives.
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Kenya the necessary capacity building geared towards PPPE. dfaproper
legislation, policies and institutional arrangements to guide PPPs is major reason as to
why they fail to take off or thrive to achieve their potential. Capital planning is also a
major concern for PPPs. Lack of financial resources and otpealcalated facilities

for PPP project origination and transaction support has gravely affected PPPs take off
and operations in general. By failing to incorporate proper data management right
from the beginning, public authorities are bound tot miss igquenopportunity to
significantly reduce the whole life cycle cost of a PPP infrastructure project.

1.3 Research objectives
1.3.1 General objective

The general objective of this study is to analyse the use of public private partnerships
as an innovativéool for achieving sustainable development goals in Nairobi County,
Kenya

1.3.2 Specific objectives
This study was guided by the following specific objectives:

1 To assess how the adequacy of capital planning influences achievement of
sustainable developmeimt Nairobi County Kenya.

2 To establish how capacity building influences achievement of sustainable
development in Nairobi County Kenya

3 To assess how the intensity of data management influences achievement of
sustainable development in Nairobi County Kenya

1.4 Research questions

1 How does the adequacy of capital planning influence achievement of sustainable
development in Nairobi County Kenya?

2 How does capacity building influence achievement of sustainable development in
Nairobi County Kenya?

3 How does the itensity of data management influence achievement of sustainable
development in Nairobi County Kenya?

1.5 Literature review
1.5.1 Theoretical framework
1.5.1.1 Capital Structure Theory

Decisions related to capital planning have irritated theoreticiansnémy years to

date. This theory assumes that the benefit that a project derives from the infusion of
proper financing structures determines the viability and efficiency of a project.
Without proper financing and an increase in debt leads to an increaieeo risks
associated with the project, mainly bankruptcy risk and such risks interfere with the
expectations of a project. Risk of corruption and financial mismanagement are a big
blow to feasible project management. Clear financial structures anckvixaks
ensure that PPP projects are well financed and remain stable to achieve their long
term goals and objectives.
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1.5.1.2 Theory of Change

The theory of change is a comprehensive theory addressing capacity building as an
initiative made to bring abowtontinuous improvement in performance of a project.
This theory does this by first of all mapping out the current position and coming up
with the best structures that ensure continuous improvement in performance by
initiating changes that ensure achievemmaf desired goals. The theory advocates for
initiatives like continuous skill upgrade and training, continuous facility improvement

in performance and above all creating an ambient environment for the best of skills
and techniques to thrive.

1.5.1.3 Information Theory for Data management

This theory is fundamentally about harnessing data to extract information and
discover new patterns by analysing well managed data into a glean structure. Data
management presents multiple cost beneficial todffe If more data is store it is
easy to get proper answers to queries. The ability to properly quantify data makes it
possible to improve the ability of designing the best representations, storage
mechanisms and analysis tools for data. Information theory m®tie best tools for
guantifying information. The theory clearly explains that data management involves
the creation, obtaining, transformation, sharing, protecting data by documenting and
preserving it in the best way possible that ensures ease of &ceswmlysis and
review. Wellstructured data comes in handy when entering into contractual
agreements or when seeking funding for a project.

1.5.2 Empirical literature

According to the UK government, PPPS give local authorities access to capital
investmat and management skills thus availing the much needed financing and
operational skills(Fitzgerald & Melvin , 2002) They help the state to afford and
engage in more capital investment that it would through the conventional procurement
methods. This resezh noted that poor capital planning was a major reason for failure
of many PPP projects.

A research study conducted by Suresh and Debdatta in 2006 on capacity development
as a research domain in a food production industry project concluded that capacity
building strengthens the production of a project. With improved knowledge, skills and
capabilities projects are better enabled to meet the urgent policy and production
challenges. This researcher therefore agrees that capacity building is a major
influencerto the success of a PPP initiative thus creating an ambient environment
through which PPPS can become fully sustainable develogi@eresh & Debdatta,

2006)

A study by Divesh Srivastava in 2010 on information theory for data management in
Utah noted tht taking a long term view in data management leads to a better
understanding and utilization of between cost and benefit when designing effective
projects. Data management brings about the best cost effectiveotfadeading to
efficiency in operatingrojects(Divesh, 2010) The researcher further noted that the
quality of data management goes further to determining the quality of output of a
project and the same applies to PPPs.

2.0 RESEARCH METHODS
2.1 Research methodology
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This research adopted a ratk research methodology, which entailed collection,
analysing and integration of quantitative and qualitative research to give a better
understanding of the research problem.

2.2 Research design

The research study adopted a descriptive research desigrasnipdp in quality
regarding collection of data and analysis. Nairobi County was selected based on its
high-ranking number of PPPs based on a Kenya PPP Pipeline Status Report of June
2018 regarding current status of PPP projects in Kenya thus attratdingf anterest.

2.3 Sampling design

According to Kothari (2008) a wetlhosen sample of at least 10% of a population can
often give a reliability that is good. This study however used approximately 30% of
the total number of PPPs in Nairobi County. Thesle size comprised of managers,
directors and chief officers working in various PPP projects in Nairobi County.

2.4 Data collection instruments

Questionnaires were the main tools used to collect data used in this study. Semi
structured questionnaires warsed to collect primary data. Descriptive statistics and
content analysis was used to analyse data.

2.5 Data analysis

Quantitative and qualitative methods were used to analyse data. Frequencies,
percentages and tables were used in presenting data. ®moseds used to present
gualitative data. The researchers employed content analysis in order to discover and
describe the focus of individual and group attention.

3.0 RESULTS AND DISCUSSION
3.1 Response rate

Table 27: Response rag

ltems Respondents Response rate
Filled questionnaires 24 88.9%
Nontfilled questionnaires 3 11.1%
Total 27 100%

A total of 27 questionnaires were administered and only 24 were filled and returned
yielding an 88.9% response rate as indicatedable 1. The data was considered
sufficient just as (Babbie, 1995) who considered over 70% to be sufficient.
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Figure 48: Duration of the PPP Project

From the findings inFigure 1 a majority of 78% of the PPP Projects in Nairobi
Countywere one year old and above.
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Figure 49: Size of the PPP Project

From the findingsFigure 2 above a majority 58% of the PPP Projects in Nairobi
County are large and extra large.

213



Table 28 Extent of agreenment of statements regarding influence of Capital
planning on the use of PPPs for sustainable development

Very Large Moderate Small  Not at all
large extent extent extent
extent
Capital planning is 41.7 41.6 16.7 0 0
important for the PPF
project
The PPPRoroject is 0 29.2 41.7 29.2 0
well funded
The PPP project 0 20.8 41.7 37.5 0
operates on a strict
budget
The PPP project 0 25.0 37.5 37.5 0
observes budget anc
other capital
guidelines
The PPP project is 0 4.2 20.0 41.7 33.3

free of financial crisis

From the findings inTable 2 100% of the respondents agreed that capital planning
has large influence on the use of PPPs for sustainable development. 100% of the
respondents agreed that the PPP is funded to a fair extent. A majority 100% also
agreed thathe PPP operates on a fairly strict budget. 100% of the respondents agreed
that the PPP fairly observes budget and other capital guidelines. A majority 67.7%
agreed that the PPP is fairly free of financial crisis thus presence of poor capital
planning.

Table 29 Extent of agreement of statements regarding influence of Capacity
building on the use of PPPs for sustainable development

Very Large Moderate Small  Not at all
large extent extent extent
extent
Capacity building is 25 37.5 25 12.5 0
key to the success of
the PPP project
The PPP invests in 125 16.7 29.2 25.0 16.7
improving employee
skills
The PPP appreciates 0 12.5 25.0 37.5 25.0
trained and skilled
staff
The PPP provides the 4.2 16.7 29.2 292 20.8
necessary resources
and tools
The PPP secretariat  20.8 29.2 29.2 20.8 0

assesses the capacit
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needs of the PPP

From the findings inTable 3 A majority 100% of the respondents agreed that
capacity building is key to the success of a PPP project. 83.3% of the respondents
agreedthat the PPPs fairly invest in improving employee skills. A majority 75% of

the respondents agreed that the PPP appreciates and rewards employee skills to a fair
extent. 100% of the respondents agreed that the PPP secretariat assesses the capacity
needs dthe PPP to a fair extent.

Table 30: Extent of agreement of statements regarding influence of Data
management on the use of PPPs for sustainable development

Very Large Moderate Small  Not at all
large extent extent extent
extent

The PPP acquires an 0 25 45.8 29.2 0

validates all data
relevant to the projec

The PPP protects ant 20.8 37.5 33.3 8.3 0
stores safely all data
relevant to the projec

The PPP has investe 0 125 20.8 37.5 29.2
in the best data
processing tools

relevant to the projec

Data is conveniently 8.3 20.8 33.3 37.5 0
accessible

Data is reliable and 0 16.7 29.2 375 16.7
trustworthy

From the findings iMable 4 100% of the respondents indicated that the PPP acquires
and validates all data relevant to thejpct to a fair extent. 100% of the respondents
indicated that the PPP protects and stores safely all data relevant to the project to a
fair extent. A majority 70.8% of the respondents indicated that the PPP has invested in
the best data processing toaoldevant to the project. 83.3% of the respondents
indicated that the PPP data is only reliable and trustworthy to a fair extent.
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Table 31: Mean and Standard Deviation

Descriptive Statistics

N Mean Std. Deviation| Variance
Capital planning | 24 14.9583 2.21613 4911
Capacity 24 14.8750 1.84891 3.418
building
Data 24 14.2917 2.11576 4.476
management

From the findings inTable 5 it is evident that Capital planning has a high
contribution to the use of PPPs for sustainable dewsop with a mean of 14.9583.

Data management has the lowest influence to the use of PPPs for sustainable
development with a mean of 14.2917. Capacity building has a moderate influence
with a mean of 14.8750 to the use of PPPs for sustainable development.

Table 32: Karl Pearson Correlation

Karl Pearson Correlation (r)

Use of Capital Capacity Data
PPPs for plannin building management
sustainable g
developme
nt
Use of PPPs Pearson 1 769" 551" 594"
for Correlation
sustainable
development 24 24 24 24
Capital Pearson 769" 1 243" .188
planning Correlation
N 24 24 24 24
Capacity Pearson 551" 243 1 -.090
building Correlation
N 24 24 24 24
Data Pearson 594" .188 -.090 1
management Correlation
N 24 24 24 24
P-Value
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Karl Pearson Correlation (r)

Use of PPP: Sig. (2tailed) .000 .005 .002
for
sustainable
development

N 24 24 24 24
Capital Sig. (2tailed) .000 .253 .379
planning

N 24 24 24 24
Capacity Sig. (2tailed) .005 .253 675
building

N 24 24 24 24
Data Sig. (2tailed) .002 379 675
management

N 24 24 24 24

**_Correlation is significant at the 0.01 level@iled).

*. Correlation is significant at the 0.05 leveltled).

The results of Karl Pearson Correlation of the Use of PPPs for sustainable
developmeniTable 6, the correlation between Capital planning and Use of PPPs for
sustainable development, the coefficient of correlation was r(24)=0.769, p
value=0.000<0.05. Therefore the variables have a strong positive relationship that is
significant at 5% level of sigficant. The correlation between Capacity building and
Use of PPPs for sustainable development, the coefficient of correlation was r (24)
=0.551, pvalue=0.005<0.05. Therefore the variables have a moderately strong
positive relationship that is significamstt 5% level of significant. The correlation
between data management and the Use of PPPs for sustainable development, the
coefficient of correlation was r (24) =0.594;vplue=0.002<0.05. Therefore the
variables have a strong positive relationship thasignificant at 5% level of
significant.

4.0 RECOMMENDATIONS
4.1 Recommendations for practice

The national and county government in Kenya should foster for the use PPPs in
attaining sustainable development. PPPs can easily help the government achieve big
projects within a short time as they avail all the necessary finances, knowledge,
expertise and other resources necessary for the PPP project. We recommend that they
capitalise on this sort of partnership in undertaking the Big Four Agenda.

4.2 Recommendatias for future research

We recommend that future research be conducted in order to review the strategies
proposed in this research and improve where necessary. Researchers should also
perform similar studies in other counties and explore more objectivesllas
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5.0 CONCLUSION

This research noted that capital planning; availability of budgets and other financial
resources, was the strongest determinant of the achievement of PPP goals, while
capacity building acquisition of skills, knowledge, and other caemmes and data
management: collection, storage, processing, analysis, interpretation and
dissemination of data rated closely as key influencing determinants to the use of PPPs
for sustainable development.
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Eliciting Attitude of Farmers towards A gricultural Insurance and Willingness to
Pay I n ¢ar Kk arhnmnsunDliurkey r i ct of

Kipkemoi, K. B. and Ceyhan, V.
Ondokuz Mayis University, Turkey

This study examined the attitude of farmers towards agricultural insurance and willingness to

pay for agricultural insuranceni ¢ ar kamba di strict of Samsun ¢
data were collected from randomly selected 42 farmers by using structured questionnaires.

Risk attitudes of farmers were elicited by using the modified Neusivtorgenstern model.

Logit model was usetb explore the factors influencing agricultural insurance motivation.
Research results showed that the level of buying agricultural insurance contract was not
satisfactory level. The most important reason for not having agricultural insurance was
limited content of the insurance policy. Lack of trust, unclear content of insurance policy,

high level of bureaucracy, limited information on insurance, high premium, presence of small

farm size and long waiting period for claim were other barriers to adoptiagrifultural

insurance. Research findings also showed that nearly half of farmers were eager to buy
agricultural insurance policy. Far mers were
hazel nut , whil e that of p e aamiy sizepschioalimycahd was 1
experience and farm size affected the willingness positively and all of them were statistically
significant. However, the variables of awareness of government support for insurance, credit

use and the amount of the support paymena f f ect ed t he farmersdé w

agricultural i nsurance negatively. Designing
on agricultural insurance to enhance far mer s
agricultural insuranceSimultaneously, revising the content of the insurance policy and

reducing bureaucracy may increase the far mer

long waiting period for claim should be shortened via reducing bureaucracy. Agricultural
insurance promotion activities should focus on the educated farmers having large farms.

Keywords: Risk attitudes, insurable risk, willingness to pay, agricultural insurdnckey
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Sustainable Operations Management Practices And Firms Competitive
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Sustainable operations management practices are can be explained environmental
initiatives with the quest for social, economic and environment obgsctiithin and
beyond the operations of a given firm. It extends the scope of sustainability evaluation
beyond manufacturing as it keeps in mind all relevant aspects of operation to obtain
the utmost possible payback from sustainability practices. The grigddhis paper is

to do an empirical and theoretical literature review on the area of sustainable
operations management practices and competitive advantage so as to identify research
gaps for consideration for future reseai@bspite the role played lgreen innovation

to green issues and business sucaessyiew of these studies revealed that little has
been discussed in connection to the strategic role played by sustainable operations
technologies. The literature is limited on the information regardsustainable
operations management practices in industry. In addition, few attempts have taken a
simultaneous approach to describe the three elements of sustainability (economic,
environmental and social). In explaining the link between environmentagaarent

and firm competitiveness, little is known about the mediating effect of sustainable
organization performance on the link between the two variables. Furthermore, the
assessment of the probable direct relation between environmental consciousness and
firm competitiveness in literature has resulted in mixed outcomMégreas some
studies have found a positive connection, others do not make out a positive link of
environmental proactivity and competitivene$se lack of the consensus on these
links brings out a research gap in literatufidhese gaps in the literature are very
important hence need to be filled.

Keywords: sustainable operations management practices, sustainable organization
performance, competitive advantage

1. INTRODUCTION

The contemporgrhuman consumption of natural resources is unsustainable, leading

to major environmental challenges. Climate change, resource exhaustion, biodiversity
loss as well as air pollution impact greatly on many people and the earth, which calls

for behavior chage. There is a need for movement towards sustainable development
which fimeets the needs of the current ger
future generations to meet their own nee
semi renewable naturd numerous world resources plus the constrained ability of the
ecosystems in absorbing of contaminants has been recognized for some time. The
drivers at the core of the concept of sustainability as a management challenge include
population and per capitabnsumption growth, the narrow nature of resources and

sinks as well as the responsibility and exposure of organizations in resultant
ecological risk and cost (Kleindorfer, 2009).

A rising expectation is being experienced by both the consumers and stigkedol

the need for organizations to be responsible for both the operations and portray good
environmental and ethical conduct (Ashby, Leat & Hudsanth, 2012).
Manufacturing activities consume considerable amounts of resources which are non
renewable ath are energy intensive, emits toxic wastes and contaminate the natural
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environment leading to negative environmental challenges including acid rain, global
warming, poisoning of biosphere and climatic change in addition to raising concerns
regarding deplé&n of natural resources. Sustainable developments represent an
opportunity to a firm, as action towards esgstainability can be a basis of
competitive advantage as it leads to reduction in operational costs and operational
expenses, organization furthgain from environmental improvement via product
marketing ( Roos & Roos, 1997).

In spite of the current efforts, sustainable efforts are yet to merge into the mainstream

of operations management research (Gavronski, Paiva, Teixeira, & de Andrade,
2013). Companyo0s operations management deci
contributors to the anthropogenic impact on ecosystem sustainability. If appropriately
addressed, sustainable operations have likelihood of becoming crucial to competitive
advantage and a saion to the problems experienced, this is because the distribution

and manufacturing constitutes a vast section of human activity and a huge
improvement margin exists (Gonzaléz, Perera & Correa, 2003). Sustainability calls

for sustainable practices becausfethe central position of companies in the world
economy (Esty & Winston, 2006).

Sustainable operations management practices can be explained as the quest for social,
economic and environment objectives within operations of a given organization and
operdions beyond the organization to encompass the communities and supply chain.
Sustainable organizational performance can be explained as a result related term that
measures the intersection of the economic, environmental as well as social dimensions
(Paulrg, 2011). While competitive advantage can be explained as the ability of a
given firm to improve the quality offered in the market, ensuring healthy cash flow,
reduction in costs and enlargement of its share in the market.

2. METHODS

The relationship beteen sustainable operations management and competitive
advantages is grounded on four major theories. These are: resource based view,
institutional theory, stakeholder theory, resoudspendence thearyrhe principal

idea of the RBV is that for an orgaation to achieve competitive advantage then it

all depends on its heterogeneous resources, which are inimitable, rare, valuable and
nornt substitutable (Barney, 1991). If an organization has intangible assets like
knowhow or culture of being sustainable,gives it mileage from its competitors

because for them to acquire these resources, it requires time to catch up and by the
time they catch up, the organization will have moved on to a different level hence this
becomes a source of competitive advantagstitutional theory recommends that
companies can only gain legitimacy through reduction of their impact to the
environment and being responsible socially, hence adopting sustainable operations
practices (Bansal & Clelland, 2004). The primary idea of theory is that
Aforganizations must match to the establi:
order to gain support and be perceived ac
151). Customers try to push organization into being conscious of themmant by

supporting and promoting organization that have measures to take care of the
environment and are ready to pay premium prices for their environmentally friendly
products. This gives a firm a sustainable competitive advantage, as they will always
strive to please all the parties.
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The stakeholder theory offers that any entity is not only obliged to attend to the
interests of its owners, but also those of their consumers, labor force as well as the
local community (Piacentini, MacFadyen & Eadie, 2000 the operations are
sustainable and take care of the environment, health, safety and quality of life, this
will be serving the interest of the stakeholders. It will portray a good image of the
organization, making it reputable, increase its salegetndns to its shareholder and

at the same time leading to competitive advantage. Resource dependence theory
assumes that the firm cannot be independent with regard to critical resources for its

survival . |t depends on 0 U tettived therelpyar t i e s
developing a need to manage this dependence with other organizations for sustainable
devel opment (Wathne & Heide, 2013). Sust a

partnerships to ensure performance benefits, where partnership ancteesharing

are important for environmental and productivity improvements, it leads to diffusion
of environmental practices between the partners and competitive advantage (Sarkis,
GonzaleZTorre & AdenseDiaz, 2010).

3. RESULT AND DISCUSSION

Past variions of the climate were associated mainly to natural processes, presently
the observed changes are as a result of anthropogenic causes especially increased
emissions of greenhouse gases, causing global warming and shift in rainfall patterns
(Watson & Alkritton, 2001). Operational decisions of the company determines
technologies and systems designs, efficiency of material consumption, the form and
the rate of waste injected into the eco system. Therefore sustainable operations
management potentially playa critical role in contribution of solutions for
sustainability challenges faced by humanity as it forms part of the key contributors to
the anthropogenic impact on ecosystem. Despite its importance and ongoing efforts it
has not yet fused into the mairestm of operations management research (Gavronski,
Paiva, Teixeira, & de Andrade, 2013) as very little has been discussed on the strategic
role played by sustainable operations technologies within the industry (Stonebraker,
Goldhar, & Nassos, 2009). Imprawent in awareness in this area has the potential to
enhance better implementation of sustainable operations practices. This gap in
literature is significant and hence the focus of the research.

Sustainability as defined, rests on three constituent ca¢sgoased upon the TBL.
However, previous studies (Adebambo, Ashari & Nordin, 2015; Aigner & Lloret,
2013; Longoni & Cagliano, 2015; Esty & Charnovitz, 2013) paid attention on some of
the aspects of sustainability and less of them present a simultangoacpthat

takes into account the three dimensions of sustainability. Manufacturers should
consider economic gains alongside responsible social and environmental behaviours
in order to attain greater sustainability (Gimenez, Sierra & Rodon, 2012). Althoug
this point is often neglected, they are tangled and reconnected to theanstituent

of APl anet Eartho and they reinforce ea
connection with one another (Svensson & Wagner, 2012a). There are, at least few
attemps that has taken a simultaneous approach to describe the three elements
(Abdul-Rashid et al., 2017). In this regard, considerable work is needed to address
this issue. The assessment of the probable direct relation between environmental
consciousness andrrh competitiveness in writing has brought mixed results
Whereas some studies have found a positive connection, others do not identify a
positive link. The lack of the consensus on these links causes a research gap in
literature.Hence, this study endeagoto show how sustainable operations practices
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accords competitive advantage mediated by sustainable organizational performance,
in which the three important dimensions of sustainability are taken into consideration
simultaneously to fill the gap and dslish the link. From the discussions, the
researcher is posing the following question; what are the gaps in the area of
sustainable operation management practices and firm competitive advantage?

4. CONCLUSION

Despite the role played by green innovationgteen issues and business success,
review of these studies revealed that research on the area of sustainable operations as
a whole is limited. Most of the past studies touch on some aspect of operations
(sustainable manufacturing and supply chain)rtmitcomprehensively. Furthermore,

the studies that touch on sustainability are not all inclusively to include triple bottom
line approach and the social measurement suffers most. In explaining the relationship
between environmental management and firm agipeness, little is known about

the mediating effect of sustainable organization performance.

The assessment of the probable direct relation between environmental management
and firm competitiveness in writings has resulted in mixed outcowlbereas sme

studies have found a positive connection, others do not make out a positive link of
environmental proactivity and competitivene$se lack of the consensus on these
links causes a research gap in literatiiteerefore, there is a need to conduct aystud

on the relationship between sustainability and competitive advantage, which will be
all inclusive and detailed to establish the link and to aid in proper decis&ing

plus to extend on the existing knowledge.
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Tacit knowledge sharing and public sector performance in Kenya: Is workforce
communication and interactionthe driver?

Wamitu S. N.

Department of Business and Entrepreneurship, School of Business and Economics, South
Eastern Kenya University, Kitui, Kenya

Knowledge is a crucial component in the growth of any economy and forms a
significant fraction of all te resources required for organizational growth. Out of the
renowned factors of production, three out of the five factors (60 percent) are human
factors (resource) who are actually, the main drivers of knowledge management and
tacit knowledge sharing. In ¢hKenyan civil service, there seems to be ignorance
about the amount oknowledge that flows through the service every day. Chief
among the reasonfr this scenario are strong hierarchy and bureaucracies that
impede workforce communication and interacsi@nd consequently, the generation,
distribution and sharing of knowledge and information which is crucial for
organizational performance. The study sought to establish the role played by
workforce communication and interactions as a driver of tacit krigelsharing, and

the consequent effect this has on performance of the Kenya public sector. The study
was guided by intellectual capital t heory
The study employed use of descriptive research design and targgtedlalisector
departments in Kenya. Eight counties namely Samburu, Makueni, Kirinyaga, Kilifi,
Nairobi, Homa Bay, Bungoma and Garissa, formed the sample of the study. The study
adopted purposive sampling and simple random sampling to seek responses from
targeted civil servants. Data was collected by use of questionnaires, was analysed and
presented using tables and other appropriate presentations. Chief among the
conclusions made was that workforce communication and interactions had
insignificant influenceon tacit knowledge sharing in all the counties under study, save
for Garissa, Makueni and Kirinyaga counties. Among the key recommendations, were
creation of knowledge repositories whereby crucial information is stored and retrieved
at will in order to prpagate a knowledge economy. In addition, there should be
automation of workflows for ease of work and enhancement of Government service
delivery efficiency.

Key words: Tacit knowledge, communication, public service, knowledge economy
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Effect of risk retention techniques on theft in publichospitals in Embu County,
Kenya
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Abstract

Majority of Kenyan people receive health services from public hospitals. There is
then a need to guarantee security of hospital resources against theft. Theft in public
hospitals has become a common problem with statistics shahatdospital theft
stands at 61% compared to other hospital crimes in Kenya. Cases of stolen medicine,
hospital equi pment 6s and stolen babies a
eliminate or minimize these losses, institutions embrace risk ratetebniques to
reduce the severity of theft incidences .This paper sought to determine the effect of
risk retention techniques on theft in public hospitals in Kenya. The objective of the
study was to determine the association of risk retention techraapgetheft in public
hospitals in Embu County. This study adopted a descriptive research design. Data was
collected using questionnaires from 161 junior staff and 56 senior staff who were
sampled through stratified sampling from the public hospital in Ei@bunty.
Validity of the instruments was ensured through opinions and expert judgments of
research experts. A ptest study was done at Chuka referral hospital and reliability

of the instruments tested using split half technique-9ghare was used to tebe
hypothesis.The results revealed that there was no significant association of risk
retention technique with theft in public hospitals. The study concludes that risk
retention techniques has no significant association with theft in public hospitals.
therefore recommended thRublic hospitals should adopt and fully employ risk
retention techniques like captives, borrowing, current expensing and maintaining
reserves thus minor losses resulting from theft can be borne by the hospitals without
having to nterrupt the normal daily activities of the hospitals.

Keywords: Risk, Loss, Risk Retention, Captive, Risk Transfer

1.0Introduction

Theft is a worldwide phenomenon that appears to have defied efforts to contain it
across the globe. Theft causes damagkefear that affects the life and wdléing of
people. Theft in Hospitals is common with hospital property and patients falling
victim to theft. The scale of theft to personal possessions and hospital property going
missing in public hospitals is depreggirand losses run into millions every year
(Ministry of Health Report, 2014). When theft occurs it disruptsexistence and
results to poor delivery of health services (Kimama, 2011). Tiset threat to
peopl ebs health, g 0 v e wes and competitiendvghentlegal h o s p |
industries (Lindstrom, 2007)gnoring theft will not make the risk to go away but
limits institutions from achieving their set objectivé&sk retention techniques are
recommended by Fischer and Green (2004) as the m@fask financing method
when the loss values are relatively low .This implies that the consequences of a loss
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will be borne by the party exposed to the chance of loss, often a deliberate risk
management decision (Dorfman, 2005).

Hospitals assume risk wh loss cost are small and can be funded from the current
cash flow, Loss exposure are retained and funded with a cash reserve. An important
advantage of using retention is that it encourages hospitals to adopt loss prevention
projects, thus reducing the t a | cost of risk 1tdéds i mport
techniques ensures there is continuity in organization operations. Kallman (2009)
observes that to set up a reserve, the hospital places an appropriate amount usually the
expected value of losdys a certain multiple of the standard deviation on the right
hand side of the managerial balance sheet. With an unfunded reserve the claim can be
paid for by liquidating any of the hospitals assets. Many hospitals also have a special
fund set aside to pdpr small cost or claims (current expense funds). The expense of
these losses is taken as a-tEeductible expense on the income statement and the
system is known as current expensifgghawar, 2014).0ther retention techniques
utilized to cope with riskn hospitals include borrowing and maintaining captives.

In the world, theft in hospitals is a significant problem according to a report by the
Global Security Index from the Institute for Economics and Peace 2014. This report
indicates that theft cases Hospitals escalate each year despite various risk control
techniques being installed in hospitdls.the united states, united kingdom and Asia
along with other Nations, valuable property that have been frequently stolen included
wheelchairs, walking stks, hearing aids and glasses, medicines, Laptops, children
and children toys, money among other thirigespitals in Africa have experienced
significantly high levels of theft with Namibia being ratbeé worst with the hospitals
reporting to have fallemprey to thieves who are dressing as hospital workers or
service company employees and stealing expensive medical equipment and valuable
properties (Lindstrom, 2007).

A majority of Kenyads popul ation receive:
The range of services provided include preventive, promotive, curative and
rehabilitative (Ministry of Health, 2014). dgardless of this, Kenya has remained
highly rated in hospital crime with theft being the most common crime recording a
66% which is almostwice the global average of 34@/ander, 2014)In 2013 the
Kenyan government through the Ministry of Health commissioned a survey on theft
in public Hospitals to be done in response to the overwhelming theft cases reported in
public Hospitals. The worst ted Hospital in Theft included Pumwani Hospital,
Kenyatta National Hospital, Embu Level five Hospital and Nandi Hospital. The most
reported theft incidents in Kenya were medicine theft, equipment theft, personal
property and money. Baby theft cases wese abmmon (Ministry of health, 2013).

The government of Kenya recognized the growing threat of theft in Hospitals in early
2014 after publication of a national wide information report by the Kenya police
which stated that 73% of theft incidents were régubin hospitals, followed by city
street theft at 20%According toMinistry of Health survey (2013) the most reported
theft incidents in Kenya public hospitals were medicine theft, equipment theft,
personal property of patients and money. Baby thefiscasealso very common. This
survey rated Embu General Hospital among hospitals with most frequent and severe
theft incidents Although adoption of risk retention techniques is on the rise in
hospitalsthese institutions are experiencing complex theksiwith hospitals losing
millions and this is threatening the safety environment in hospitals.igkhestention
techniques are designed to detect, prevent, and identify theft thereby minimizing the
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risk and loss to an organizatiofihey are expected tffer a safe environment for
employees, patients, visitors and hospital propéttywever risk retention tools can
be in an organization but be not effective when they are not properly developed and
administered. For this reason, the study therefore sdagtstablish the effect of risk
retention techniques on theft in public hospitals in Embu Couftye study was
guided by the following hypothesis which was tested at 0.05 level of significance.

Hox: Risk retention techniques have no significant assiociatvith theft in public
hospitals in Embu County.

2.0 Methodology
2.1 Research Design

Research design refers to a set of decisions that make up the master plan indicating
methods and procedures for collecting and analyzing needed inforngiittmari,

2004. This study employed a descriptive research detsighdescribed the state of

affairs at the time of data collectioft involved assessing attitudes or opinions and
thoughts about effectiveness of risk control techniques on theft severity and
frequency.The research design was able to reveal and me#sarstrength of the
target groupds opinion, attitude, and beh

2.2 Location of the Study

This study was carried out in Embu County which is on the eastern slopes of Mount
Kenya. The choice of Embu County Public hitelp is inferred from the 2014
Ministry of Health report that names Embu level five hospital among the hospitals
with highest number of reported theft cases. The choice of Embu County was also
because its easily accessible to the researcher is ableeate capport with the
respondents. An ideal location of any study should be easily accessible to the
researcher and should be that which permits rapport with the informants (Singleton,
2003).

2.3 Population of the Study

All items of interest in an inqoy constitute a population (Kothari, 2004).This study
targets a population of 1608 hospital staff from all the five public hospitals in Embu
County.

Table33: Population of Study

Description Senior Staff Junior Staff
Kianjokoma Sub District Hospital 7 251
Mbeere District Hospital 9 202

Ishiara Sub District Hospital 6 231
Runyenjedistrict Hospital 13 280

Embu General Hospital 21 588

Total 56 1552

2.4 Sampling Procedure and Sample Size

A sample is a part of a large population which is thought to be representative of the
larger population. It is a subset of the total target population. Sampling is the process
of selecting a few cases in order to provide information that can be used to make
judgments about the larger population and hence should be a true representative of the
population characteristics (Kathuri & Pals, 1993). This research stratified the
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population into junior staff and senior staff. Senior staff were selected through a
simple census and junior staffs through a simple random samingple random
sampling is preferred because it gives each subject an equal chance of taking part in
the study.The simple random sampling was necessitated by guidelines given by
Nasiuma (2001).

NC*
n=—"""""""3
C*+(N,)e"

Where n = population; C =coefficient of variation which is < 30%; e=standard error
which is fixed between-8%

Taking a coefficient of variation of 26.8 % and a standard error of 0.02 out of a target
population of 1552 hospital staffs, a sample of 161 viaied.

2.5 Data Collection

A research permit was obtained from the National Commission for Science,
Technology and Innovation. The researchers explained the nature of the study to the
respondents and pointed out what was expected of them. The reseasshees

them of the confidentiality in handling the information provided. Primary data was
collected through questionnaires which were distributed to the respondents by the
researcher and filled questionnaires were collected two weeks after.

2.6 Data Andysis and Presentation

Data analysis is the process of systematically arranging filed notes, data and other
materials obtained from the field with tF
and to enable one to present them to others (Orodho, 2013).waat cleaned by

being checked for logical consistency and any unnecessary data removed. It was then
refined and processed using statistical package for social sciences (SPSS) version 23
for windows. Martin and Acuna (2002) observe, SPSS is able to hangéeamount

of data given its wide spectrum of statistical procedures purposefully designed for
social sciences, it is also quite efficient. Quantitative analysis that entailed analyzing
numbers about a situation by choosing specific aspects of thadiositueas used. The

results of data analysis are presented in frequency tables and percentaggsiahi

test was used to show the association between variables and test hypothesis at 5%
level of significance.

3.0 Results and Discussion
3.1 Adoption of Rsk Retention Techniques by Public Hospitals

The risk control technigues in a hospital are responsible for protection against all
manner of risk through reducing the risk frequency and its severity if it occurs. Thus,
they are responsible for ensuring desanvironment to the hospital and the people.
This study sought to find out the risk retention techniques adopted by public hospitals
in Embu County. Descriptive statistics of frequencies and percentages were used to
present the data.
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Adoption  of risk control Fully Partially  Not Mean Standard

techniques adopted adopted adopted deviation
F % F % F %

Reserves 30 20.3 81 54.7 37 25.0 2.0473 .67345

Captives 15 101 17 115 116 78.4 2.6824 .64983

Current expensing 44 297 84 56.8 20 13,5 1.8378 .63958

Borrowing 40 270 94 63.0 14 95 1.4595 .66372

Table 1: Senior staff response on adoption of risk retention techniques

The results further indicated that risk retention techniques were partially adopted with
majority of the senior staffs (66.7%) curteexpensing and (82.4%) reserves
indicating that minor losses could not be taken care by the public hospitals
independently.

The junior staff indicated that risk retention techniques were partially adopted
represented by a majority (63.0%) borrowing, (86)&urrent expensing and (54.7%)
reserves. Senior staff response on adoption of the risk control techniques was similar
to that of the junior staff hence these results indicated a true account of risk control
techniques adoption in public hospitals.

Table 2: Junior staff response on adoption of risk retention techniques

Adoption of risk Fully Partially Standard

retention technique adopted adopted Not Adopted Mean deviation
F % F % F %

Reserves 10 196 32 627 9 17.6 1.9804 0.6161

Captives 12 235 10 196 29 56.9 2.3725 0.799

Current expensing 14 275 34 66.7 3 5.9 1.7843 0.5408

Borrowing 15 294 29 569 7 13.7 1.8431 0.6441

3.2 Employment of Risk Control Techniques by Public Hospitals

The possibility and outcome of any theft incident is higldpendent on the nature of

risk control techniques present in a hospital. The 2004 edition of American national
standards report indicates that effective employment of risk prevention; retention and
transfer techniques will address the protection, mitigatpreparedness, response and
recovery from theft incidents. This study therefore sought to find out the level of
employment of risk retention techniques by public hospitals. Data gathered was
analysed using percentages and the results presented in teloskdions by table 3

for junior staff and table 4 for senior staff.
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Table 3: Junior staff response on level of employment of risk retention

technigues

Risk Retention  Very Low Moderate high Very mean Standard

Technique Low high deviation
% % % % %
Reserves 21.6 31.1 25.0 20.3 2.0 2.5608 1.1018
Captives 54.1 16.2 12.1 11.5 6.1 1.9932 1.2962
Current 27.0 44.6 18.9 8.1 14 1.9932 1.2962
expensing
Borrowing 18.9 284 25.7 24.3 2.7 24730 1.2146

Most of the junior &ff indicated that risk retention techniques were also not fully
employed indicated by a majority (31.1%) reserves, (44.6%) current expensing and
(28.4%) borrowing. Captives were rated very low by a majority 54.1% of the junior
staffs.

Table 4: Senior staff response on level of employment of risk retention

Employment of risketention Very low moderate high very mean stanc

techniques . .
Low high deviai

% % % % %

Reserves 98 275 235 314 7.8 24706 1.1891
Captives 235 314 176 13.7 13.7 2.8235 1.2760
Current expensing 314 19.6 13.7 15.7 19.6 3.0784 1.3090
Borrowing 13.7 431 39 33.3 59 3.2353 .9074
techniques

Majority of the senior staff also indicated that publispitals lacked the capacity to
retain theft risks indicated by majority (43.1%) borrowing and (31.4%) current
expensing who felt hospitals had low employment of risk retention techniques. The
senior staff responses were similar to those of the junior staff

3.3 Effectiveness of Risk Retention Techniques

Young (2014) in his research on security risk noted that most organizations including
hospitals already have risk retention techniques that aim to minimize the destruction

of property and loss of life. Howey, these risk retention techniques can be in an
organi zation but also may not be effectiyv
find the effectiveness of risk control techniques in reducing theft frequency and
severity. Descriptive statistic$ frequencies and percentages were used to analyse the

data collected and the results presented in tables 5 for senior staff and table 6 for
junior staffs

Table 5: Senior staff response on effectiveness of risk retention techniques
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Effectiveness ofisk retention  Very Fairly Not Mean Standard
techniques effective  effective  effective deviation

F % F % F %

Reserves 9 176 14 275 28 549 1.6275 .7735
Captives 12 235 14 275 25 49.0 2.2549 .8208
Current expensing 11 216 12 235 28 549 2.2549 .8208
Borrowing 28 549 12 235 11 216 1.6667 .8165

Risk retention techniques were also rated not effective by a majority (54.9%) current
expensing, (54.9%) reserves and a 49.0% captives. Borrowing was considered to be
the most effective risk retentiaiechnique in reducing theft severity by a majority
54.9 %. Responses from the senior staffs were considered to be more reliable
therefore it was concluded that risk retention techniques were not effective in
reducing theft severity therefore the workingvieonment was not conducive for
coexistence.

Table 6: Junior staff response on effectiveness of risk retention techniques

Effectiveness of risk retention  very Fairly Not Mean Standard
technique effective  effective effective Deviation

F % F % F %

Reseves 28 189 48 324 72 48.6 2.2973 .7689
Captives 8 54 20 135 120 81.1 2.7568 .5423
Current expensing 32 216 49 331 67 453 2.2365 .7856
Borrowing 30 20.3 40 27.0 78 52.7 2.3243 .7929

Risk retention techniques were rated not effective in minirgizheft severity as
indicated by majority (48.6%) reserves, (81.1%) captives and (52.7%) borrowing.
Findings from the junior staff were similar when compared to those of senior staff
indicating public hospitals need to review their implementation levelattiveness

of risk retention techniques has to be improved.
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3.4 Severity of Theft in Public Hospitals

Most public hospitals learn how to respond to theft incidents only after suffering
severe attacks that result to significant losses. Risk retemingh risk transfer
techniques are meant to reduce severity of losses. When theft severity is high, risk
retention and transfer techniques are considered not effective and vice versa is true.
This study therefore sought to determine the severity of theflents in public
hospitals. Descriptive statistics of frequencies and percentages were used to analyse
the data and results presented in table 7 for senior staff and table 8 for junior staff

Table 7: Senior staff responses on theft severity in public hosal
From the findings in table 15, theft severity in public hospitals was rated to be highly

Theft Severity very Severe not severe No Mean Standard

severe incident o
deviation

F % F % F % F %

Burglary 12 235 24 471 10 196 5 9.8 1.9216 1.0362
Larceny 18 353 19 37.1 11 216 3 59 22549 .8681
Shoplifting 3 59 20 392 26 510 2 39 16275 .7735

Medical identity theft 18 25.3 22 43.1 10 196 1 20 18824 .7911

Robbery 12 235 28 549 8 157 3 59 1.7255 .9397

severe. This is because madtthe senior staff (47.1%) burglary, (37.1%) larceny,
(43.1%) medical identity theft and robbery (54.9%) indicated that when theft occurred
it resulted to severe losses. Severity of shoplifting was classified not severe by a
majority 51.0%.

Table 8: Junior staff response on theft severity in public hospitals

Theft severity very Severe not severe no Mean Standard

severe incident o
deviation

F % F % F % F %

Burglary 56 378 64 432 23 155 5 3.4 1.7905 .82687
Larceny 24 16.2 88 595 30 203 6 4.1 16892 .93205
Shoplifting 28 189 36 243 74 500 10 6.8 2.4459 .87508

Medical identity theft 48 32.4 74 50.0 23 155 3 2.0 1.8716 .74029

Robbery 33 223 99 669 15 101 1 .7 1.4459 .70261

Results presented in table 16 shows that majority of the junadf €3.2%)
burglary,(59.5%) larceny,(50.0%) medical identity theft and (66.9%) robbery
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indicated that theft incidents were severe when they occurred. Half of the junior staff
(50.0%) indicated that shoplifting incidences were not severe. These restdts we
similar with those of the senior staffs. This implied that risk transfer and risk retention
were not effective in reducing theft severity in public hospitals. Public hospitals
should therefore focus on employment levels of these techniques if they bee t
effective in reducing theft severity. These results on theft frequency and severity were
consistent with Henrich triangle that puts forth if the frequency of theft incident is
high, the severity is low and vice versa is true (Dorfman, 2005).

3.5 Assaiation of Risk Retention Technique with Theft Severity in Public
Hospitals.

Risk retention techniques are designed to lessen the severity of theft incidents once
they occur. This study sought to find out the association of risk retention techniques
with theft severity in public hospitals. To measure the association of risk retention
techniques with theft severity a retention index (RI) was computed. The retention
index comprised of four (4) variables representing the four most adopted retention
techniquesas given by (Dorfman, 2005). The variables were borrowing, current
expensing, captives and reserving. These variables were scored on a likert sehle of 1
with 4 representing the highest scores implying theft had never occurred and 1
representing the lowescore meaning theft losses were very severe.

RI=BT+CT+CET+RT

4
With BT= borrowing technique, CT= captives technique, CET= current expensing
techniques and RT= reserve technique. The results are presented in Table 9.

Table 9: Assocation of risk retention techniques with theft severity in public
hospitals

Theft Severity

Very Severe Not No Totals

Severe severe Incident
Not sure 2.01% 4.02% 0.50% 0% 6.53%
Not effective 16.08% 35.68% 2.01% 0% 53.77%
Moderate effective 3.52% 25.13% 3.52% 0% 32.16%
Effective 2.01% 2.51% 2.01% 0% 6.53%
Very effective 0% 1.00% 0% 0% 1.00%
Total 23.62% 68.34% 8.04% 0% 100%

Chi-square=11.932, df=12, p=0.167

The findings in table 19 shows that majority (53.77%) ingidahat risk retention
techniqgues were not effective in reducing theft severity. Among them majority
(35.68%) indicated that theft was severe when retention techniques were not effective.
16.08% rated theft to be very severe when risk control technigeresnet effective.

Those respondents who indicated that theft in public hospitals was severe (25.13%)

al so indicated that retention techniques
that none of the respondents indicated that theft had never ocaurtkd public

hospitals .Only (1.00%) of the respondents indicated that risk prevention techniques
were very effective when theft was severe.
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These findings were further statistically tested for significance usingoetare test at

5% significant level The computed cksquare value of 11.932 and a p value=
0.167implied that risk retention techniques had no significant association with theft
severity in public hospitals. This study thus failed to reject the null hypothesjs (h
which stated that thergas no significant association of risk retention techniques with
theft in public hospitals in Embu County. The paper therefore find that risk retention
techniques are not effective in reducing theft severity in public hospitals. The findings
are consistentvith Mwenda (2015) findings that risk control techniques in a hospital
may not be effective when matters of theft are taken casually.

4.0 Conclusion

This paper evaluated the effect of risk retention techniques on theft in public hospitals
in Embu County.The main focus of this study was on Reserves, Captives, Current
expensing, Borrowing and their effect on theft severity. Results on Risk retention
techniques studied revealed that borrowing, reserves, and current expensing were
adopted by the public hosals. It emerged that captive were not adopted by the
public hospitals. Further the findings revealed that employment of risk retention
techniques by public hospitals was very low. Risk retention techniques were also
found not to be effective in reducingefh severity in the public hospitals. The paper
therefore concludes that risk retention techniques had no significant association with
theft in public hospitals. It was therefore concluded that public hospitals that had not
adopted and fully employed rigktention techniques were vulnerable to high levels

of theft severity.The paper recommends that public hospitals should adopt and fully
employ risk retention techniques like captives, borrowing, current expensing and
maintaining reserves thus minor lossesulting from theft can be borne by the
hospitals without having to interrupt their daily activities. This will therefore reduce
the severity of theft in the public hospitals.
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Influence of Market Orientation on the Relationship BetweenCustomer
Relationshp Management Practices and Performance of Larg&cale
Manufacturing Firms in Kenya
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Abstract
The main objective of the study was to measure the influencardetorientation on
the relationship between customer relationship management practices and firm
performance of largecale manufacturing firms in Kenya. The population of the study
comprised largescale manufacturing firms that were members of the Kenya
Association of Manufacturers (KAM). A descriptive cregsctional survey was used.
The target respondents were three top managers in each firm, and aggregated single
scores were computed to lessen single source response bias. Data was analyzed
through desaptive statistics and regression analysis. The results revealed that market
orientation was a strong statistical predictor of firm performance. In addition, the
moderating effect of market orientation on the association between CRM practices
and performace (F=9.138, Falue<0.05) was found to be statistically significant.
The study supported findings of previous studies on the influence of CRM practices
on firm performance. In addition, the study found that both CRM practices and
market orientation had positive and significant influence on performance. Further,
the findings of the study support the theoretical link between CRM practices, market
orientation and performance.
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Influence of Knowledge Management systems on performance of commercial
banks in Nyeri

Wachira A. K. & Sang A.W.

Knowledge management is an emerging force and by extension KMS, that is creating
an edge to the organization over the competition if managed effectively and
efficiently. This is quite applicable in commercial Banks whichym crucial role in
empowering the banking sector in the nation and create an edge over comgétéion.
objective of the study was to determine the influence of knowledge management
systems on the performance of Commercial banks in Nyeri town. Theadogyed a
descriptive research survey. The target population comprised of 48 staffs working in
commercial banks in the Nyeri town that include managers, operation managers,
credit managers and customer care managers and thus a census study was undertaken.
Primary data was used and collected using questionnaires. Quantitative data was
collected and analyzed by the use of descriptive statistics such as mean, median,
standard deviations, and inferential statistics like regression analysis, correlation
analysisand frequencies using SPSS. The information was then presented by use of
bar charts, pie charts, tables and percentages. The study showed that knowledge
management systems had a significant effect on the performance of the commercial
banks and thus can hesed as an essential strategy towards achieving competitive
advantage amongst the commercial banks. Based on the findings of this study, the
researcher concludes that Banks need capitalize on their KMS in order to improve
their performance. The researchecommends that the banks invest in modern
KMS6s such as CAM as a strategy to be
objectives. The researcher recommends further study to be done on the influence of
knowledge management systems on the service deliv@uhbtic institutions.

Knowledge, knowledge management systems, Commercial Banks
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ABSTRACT

SACCO societies have more complex financial structures given the localization of
capitalization and liquidity albeit mutual grantee capital structure. In this case, the
aim of this study was to analyze the influence of equity capital financing levels, debt
capital financing levels and tax as a controlling variable on financial performance of
SACCO Societies in Kikuyu Sub Countihe study adopted@osssectionakesearch
designwhich captured the views of SACCO Societies owners and managers at a
specific time. The population of the research consisted of SACCOs in Kikuyu Sub
County which were27 SACCO societies. The study usestondary data from SACCOs
accounting records for the period 2013 to 20Halrollected was presented and analyzed
guantitatively using content analysis, regression and analysis of variance. According
to the study, equity financing was applied dependimghe contribution of members.

Debt capital was not applied by SACCOs compared to equity capital in the study
period. There was an increase in SACCOs Financial Performance whenever there was
an increase in Equity. The study results showed that, shartalcapd retained
earnings had a significant influence on financial performance in SACCOs in Kikuyu
Sub County. This was compared to debt capital which had less or no influence. The
study recommended that Sub County-@peerative officers should conduct traigs

to the Central Management Committee Members and the Executive Managers on
capital financing in order to enhance retained earnings as well as improving members
share capital. A new phenomenon from the research findings, is that, share capital is
a nev practice by the SACCOs in order to enhance their capital base. However,
members have not embraced the idea and hence proper sensitization by the Sub
County Coeoperative officers is also encouraged.

Key words: equity capital, debt capital, financing lesglfinancial performance
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The Influence of Entrepreneurship Capacity on Innovation Efficiency

Isaac Gachanjj Lucy Kiganane

1 Mount Kenya University [Lecturer]
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Abstract:

The pupose of this paper is to examine the relationship between entrepreneurship
capacity and innovation efficiency in all countries captured consistently in the
Global Entrepreneurship Monitor and Global Innovation Index between the year
2010 and 2014 with theiew of adopting best practice in Africa. The work is
anchored on innovation diffusion theorkongitudinal design was used and
secondary data provided a trend analysis of 29 countries across the world with the
aim of benchmarking. Weighted averages, batar correlation and ordinal
regression techniques were used to analyse the data. The study fouhdréhat

a positive significant influence of entrepreneurial capacity on innovation
efficiency. The study recommends establishment of appropriate emtezpship
education and its integration in the education system in Africa. There should also
be collaboration between governments, researchers, policy makers and industry
players. Further studies should be geared towards enablers of innovation

commercialiation.

Keywords: Innovation, Entrepreneurship, Commercialization and Efficacy
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Introduction

Innovation and entrepreneurship play an
important role in the social economic
development of a country. Entrepreneurship
activities support innovation plermance by
recognizing existing opportunities, assembling
the necessary resources, taking risks and

establishing  enterprises  that  enhance
commercialization of innovation. This study is
the influence of

aimed at examining

entrepreneurship capacity on inabwn
efficiency with a view of demonstrating the
relationship therein. The paper is anchored on
Rogerds (1995) innovati
The theory stipulates that innovation that is
geared towards addressing the needs of the
society are embraced fastthan complicated
ones that seems alien to a community. The
theory led to the development of innovation
decision process model. The model examines
the prior levels,

conditions, knowledge

perceived characteristics of innovation,

adoption or rejection, inpmentation and
confirmation. The relevancy of the theory in
this paper is that its model looks at the process
of commercialization of innovation which
depends on entrepreneurial efficacy which can
be enhanced by strengthening entrepreneurial
capacity whiti improves the rate of innovation
thus innovation

adoption and increasing

efficiency.
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Innovation Efficiency

Dominant economies in the world like the
United States of America, Japan and Germany
have been propelled by their innovative
capacity to their cuemt status. China, for
example, is in the league of the fastest growing
economies in the world propelled by its
proactive innovation which is causing jittery in
western countries as a result of upsetting the
status quo (Samuelson, 2010).

The innovation diciency of the country has
provided important lessons to both developed
amahdevtlpping ecosntriesninnbvhatierohasybeen
defined as a process of creating a new product,
new enterprise, or enhancement of existing
product, new process and new enterprise
(Gergui, 2011).

The prosperity of nations in the contemporary
times is driven by knowledge economy which
is manifested through innovation. There has
been a paradigm shift from past ways of
evaluating the success of product efficiency
from 1960 to 1970 and totalquality
management from 1980 to 1990. These have
been

replaced with focus on knowledge

economy that thrives on innovation
performance and efficiency. However, African
countries are still struggling with poverty due
to o low levels of entrepreneurship. Tredio

of entrepreneurs to workers in Africa is 1 to 52



while in most developed countries is 1 to 10
(Acs, 2009). This has made many African
countries be net importers of technology that
disadvantage them in international trade and
thus aggravating theirgdicaments.

Innovation efficiency parameters in this study
are the ratio of innovation input and output.
The ratios have been adopted from the Global
Innovation Innovation

Index (GlI). inputs

parameters comprises the role of research and

development omgnisations, the education

system, the supporting environment in the
context of creativity and the prevailing market
conditions. Innovation output parameters, on
the other hand, are knowledge, technology and

creativity.

Entrepreneurship Capacity

Entreprenarship in Africa can accelerate

innovation, bring about value creation,

increase productive activities and create the
elusive employment opportunities which lead

to economic growth and sustainable

development. Entrepreneurs utilize the

available scours resirces to create and seize

opportunities that

up

Entrepreneurship has been defined as a tool for

innovators to commercialize their innovations
(Donovan, 2013). Entrepreneurship capacity
can be gauged in terms of Entrepreneurshi

Self-Efficacy (ESE). The key drivers that can
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provide the required resilience, optimism and
dynamism are tolerance to ambiguity, risk
taking, proactiveness, opportunity
identification and innovation which constitutes
an ESE of an entrepreneur. Howevéhge

antecedents of ESE still perturb
entrepreneurship researchers (Urassa, 2015).
The study adopted the Global

Entrepreneurship Monitor (GEM) index to

demonstrate entrepreneurship capacity. The
index focuses on social cultural and political
factors as thénputs that feed on the general

national framework of a country. The general
conditions lead to

national framework

improvement of entrepreneurship profile and

establishment of firms. Entrepreneurship
profile involves improvement of
entrepreneurship  attide, activity and

aspirations. These result in a social economic

development which includes job creation,

innovation and social value (Slavica, 2015).

The study therefore considered

entrepreneurship activities, the perception of
social

opportunity, cultural and political

factors as the antecedents of entrepreneurial

acaphcitywas dlepicted byrGEM.e o p |l e s 0

The Study Objective and Hypothesis
The paper examined the relationship between
entrepreneurship capacity and innovation

efficiency in all countries captured consislg

f

e.



in GEM and GII between the year 2010 and
2014 with the view of adopting best practice in The Conceptual Framework

Africa. The study hypothesized that; The elements of entrepreneurship capacity are

Ho ‘Entrepreneurship  capacity has no depicted as the independent variable which

N ) . . - includes; entrepreneurship activities,
significant influence on innovation efficiency

perception of opportunity, social cultural and
of a country and H1 - Entrepreneurship
political factor. Innovation efficiency, on the

capacity has an important impact on _ _
other hand, is the dependent variable whose

innovation efficiency of a country. ) _ _
antecedents are innovation output index and

innovation input index. This is illustrated in

The Theoretical Underpinning in the Study o
the conceptual framework as shown in figure

Mar k Cassonds (1945) , economic theory

1.1.
attempted to address the relationship between | Entrepreneurship

Capacity Innovation efficiency
entrepreneurship and rinovation. The theory Entrepreneurship activities

[nnoration qutpt index

\4

Perception of opportunity

posits that entrepreneurship is a result of Sociatcultural and political Intwvation inpa index
: . . factors
conducive economic environment and argues
that demand for enterprise arises from the need )
Independent variable Dependent
for change. Cassons defines an entrepreneur as .
variable

one who specializes in taking judgmental )
Figure 1.1: The conceptual framework.

decisions abat the scarce resources and
coordinate them, motivated by séiterest and The  conceptual ~ model  shows  how

creativity. The theory also addresses risks, €ntrepreneurship capacity is related to

uncertainties and break even points. However, ~Innovation efficiency.

the theory is of the view that the core  Methodology Used
capabilities of entrepreneur are difficult or Longitudinal design was used to examine the

impossible to learn. Innovation is one of the  relationship between the study variables.

innate competences and the notion of limited ~ Quantitative secondary data was used to
cognitive ability in Ma&EPRUCt@Lrend anpplysisf gnipeprenpugshing 4

be investigated by establishing whether there is ~ capacity for five years from GEM index and

a relationship between entrepreneurship for innovation efficiency fronGlI for all the

capacity and innovation efficie. 29 countries across the world which had
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consistently been included in both indexes
between 2010 and 2014. These countries
included South Africa, Belgium, Bosnia,

Brazil, Chile, China, Colombia, Croatia,
Finland, France, Greece, Hungary, ldrel,
Japan, Malaysia,

Mexico, Netherlands,

Norway, Peru, Portugal, Romania, Russia,

Slovenia, Spain, Sweden, Switzerland,

Trinidad and Tobago, United States of
America and United Kingdom.

The GEM index is constituted through a
survey based on primary d@atcollected on
attributes that either promotes or hinder
entrepreneurial activities. The GEM survey
covers over one hundred countries across the
world. Data is collected using standardized
tools which can be used to design evidence
based policy interventio On the other hand,
Gll measures the innovation index of different
countries. Innovation efficiency was obtained
by establishing the ratio of innovation output
and input. Weighted averages, bivariate
correlation and ordinal regression techniques
were usd to analyse the data in order to find
between

the association entrepreneurship

capacity and innovation efficiency.

Findings and Discussions
Entrepreneurial capacity was obtained by
determining the average score for the five

years under review. The sameasvdone for
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innovation efficiency for the similar period. A
correlation between the two variables was then
conducted. This was done at 5% level of

significance shown in Table 1.1

Table 1.1. Correlation betweerEC and |IE

Model R R Adjusted R Estimation Errol
SquareSquae
37 135 .103 .08606
1

The value of R square was positive and hence
a positive relationship between the two
variables was confirmed. The two variables
were then regressed to show the relation
between entrepreneurial cagity and

innovation efficiency. This was done at 5%
level of significance shown in Table 1.2

Table 1.2. Regression between EC and IE

Model ' Log Likelihood ‘hi-Square df Si
Intercept Only 191.144
Final 186.159 4.985

The value of P was 0.026 which is less than
0.05 hence the rejection of the null hypothesis
and acceptance of the alternative hypothesis.
This means that there is a significant positive
influence of entrepreneurial capacity on
innovation efficiency.

The malel deviance and test the goodness of
fit of the regression model was obtained using

the Pearson deviance at level of significance as

shown in Table 1.3.



Tablel.3. Test of Goodness of Fit of the
Model

higher learning in Africa to enhance the
entrepreneurial capacity of graduate so that
they can be propelled into innovation prowess.

Collaboration between esearch and

development agencies, policy makers,

217 governments and industry players should also

Chi-Square df Sig.
757579 728

Pearson

Deviance 184.773 728 1.000

The pvalue atc/, =757579, is 0.217

which is greater than 0.05 and

atcf, =184773 the p value is 1 which is

less than 1.96 hence the model is good.

Conclusions, Summary and

Recommendations

It was concluded thantrepreneurial capacity
significantly influence innovation efficiency

positively. Capacity building of potential and
practicing  entrepreneurs is  therefore
paramount in promoting innovation efficiency.

The study recommends the establishment of
suitable entrepreneurship education programs
in Africa to inculcae and enhance their

entrepreneurial capacity and promote lifelong
learning. Experiential learning should be

encouraged as it develops competences to
successfully engage into entrepreneurship

which  enhances commercialization  of

innovation. There should Isd be an
integration of entrepreneurship education in

various study disciplines in institutions of
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be encouraged to develop seamless and

supportive infrastructures that facilitate
innovation efficiency in Africa. Further studies
on how to promote commercializam of

innovation should be carried out.
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Abstract

Coffee is a widely traded commodity grown in over 50 countries. It is mainly grown
within the tiopics and mainly consumed in the US and Europe. In Kenya coffee is
grown by both small holder farmers as well as large and medium estates. The coffee
grown by small holder farmers is managed through cooperative societies. Kenya used
to experience high praodtion of coffee until 1989 when the international prices
declined due to collapse of coffee trade quota system. This negatively affected the
performance of coffee cooperative societies. Though there has been some
improvement in coffee production the coynis yet to produce the coffee as produced
before 1988. This study proposes diversification as a means of improving the
performance of coffee cooperatives in Kenya. Data was collected from 283 of the
1052 coffee factories in Kenya. The factories were famth East and West of Rift
Valley in Kenya. The data was collected using a structured questionnaire and analysed
using SPSS and STATA. The study found a correlation between level of
diversification to norcoffee businesses and the performance of a caffeperative
society. An increase in revenue from diversification of 1 unit causes the performance
of the coffee cooperative to improve by 3.4 units.

Keywords: Bag of coffee Coffee Cooperative, Diversification

1. INTRODUTION
Coffee is a widely traded conudity in the world where it is grown in over 50 countries
(International Coffee Organization, ICO, 2010). Every year over 400 billion cups are
consumed (Bagel, 2013.). Coffee is the source of livelihood for over 25 million families
and hence supports ovEDO million people (Ponte, 2002). The commodity is produced in
three regions; America, Africa and Asia and consumed mainly in Europe, America (ICO,
2014). In Africa coffee is mainly grown in Ethiopia, Uganda, Ivory Coast, Tanzania,
Rwanda and Kenya. The minent used to produce 33% of all the global coffee produced
annually in 1970s (ICO, 2013) This decreased to an average of 16% in 1990s and further
to 13.1% in the 2000s. This decrease in production has resulted in decline in the
per f or man c ergamitatiohsaIC 015).dn Kenya coffee was introduced in
1893. The sector employs 30% of all staff in agriculture and supports 700, 000 families
and over 5 million people are engaged in coffee business (AFFA, 2016). The country has
434 cooperative sodies and 4000 estates (Kenya Coffee Traders Association, KCTA,
2015).

Before independence small scale farmers were not permitted by the government to grow
coffee. This was until the year 1934 when the British Colonial Board in London
permitted some mininhiamall scale farming of coffee. This was restricted to 100 trees
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and not on more than % an acre (Gachanja, Obere & Thuku, 2013). The farmers had to be
members of cooperative societies and had t
estates. By 2@ cooperatives share had grown to 128000 hectares from 13000 hectares

in 1964. The estates had some 33000 hectares the same time. Currently the cooperatives
command about 75% of the total area under coffee.

Coffee was the leading export crop in Kenya fromdependence to 1988 (Kabura &
Doppler, 2009) contributing 40% export value. After the coffee crisis of 1989 the
situation changed and by 1992 its contribution to export value was a mere 9%. The prices
also declined. The average price for the period 1976986 was 141.66 US cts per

gallon and by 1992 the price had decreased to 28US cts per gallon (ICO, 2007).

Annual Coffee Production
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Figure 1.1: Kenya Coffee production in tonnes; Source: ICO, (2017)

1.1 Coffee Marketing Cooperatives

A cooperative isa peopl esd autonomous relationship
social, cultural as well as economic wants through jointly owned and democratically
controlled businesses. A cooperative is user owned, user controlled and user benefitted
outfit (Komo & Gumba, 2010). There are seven principles that guide the cooperatives;
democratic member control, economic participation of members, voluntary and open
membership, independence and autonomy, training and education, collaboration amongst
cooperatives as welhs concern about the community (Ortman & King, 2007).
Agricul tur al cooperatives play a <chief f u
(Chloupkova, 2012). These cooperatives offer major services like marketing, supply and
specialized services, (Ortm&nKing, 2007). In Kenya the small scale coffee is marketed
through the cooperative societies that are owned by the farmers.

Kenyabds cooperative sector dates back 1in
cooperative was formed in Lumbwa, KipkeliorearRift Valley. The enactment of the

first legislation on cooperatives was done in 1931. The first national cooperative was
Kenya Cooperative Creameries that was formed in 1931. Kenya Farmers Association was
formed later that same year. Kenya Planters €adjve Union was formed in 1932. In

1964 the Kenya National Federation of cooperatives was formed. All these apex
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cooperatives have gone under although KCC has been revived by the government
(Nkandu, 2010).

The initial threat of agricultural cooperativescurred in 1950s when people started
abandoning the cooperatives to join the war group, Mau (Gamba & Komo, 2010). The
postindependence but pideralization era saw the number and capacity of cooperatives
grow tremendously (Gamba & Komo, 2010). Begimnearly 1980s Kenya, just like in
other SubSaharan African countries started the structural adjustment prograinmes
Kenya developed the Sessional Paper number 6 of 1986 that guided the liberalization.
This same liberalization led to splits and mergersoaiperative$ the overall effect was

the split of profitable cooperatives into small uneconomic units. This decline saw the
production of coffee decrease by 50% between 1988 and 1998. Tea and horticulture
sectors, that are not managed through cooperatoseement were not affected and had
remarkable increase in their contribution to GDP.

I n Kenya the coffee cooperativesod perfor m:
due to two scenarios; The collapse of coffee quota system that depressed prices and the
introduction of structural adjustment programmes by the World Bank and the IMF. The

guota system in coffee trading had been introduced by the International Coffee
Organization to mitigate fluctuations of global coffee prices.

With the collapse of the qt® system, the Kenyan coffee farmer absorbed the full shock

of the plummeting world prices. The production of coffee in Kenya decreased from 130,

000 metric tonnes to 37, 000 metric tonnes in the next 25 years (KIPPRA 2014). This
greatly affected the coffe f ar mer sé cooperatives perform
cooperativesd earnings was made even wors
Adjustment Programs (SAPs)supported by the World Bank and the International
Monetary Fund in 1980s as well as 1990ke programmes geared towards structural

change had been initiated in Africa after leading organizations like cooperatives and
parastatals performance started declining after independence (Franz, 2011). The SAPs
removed the control of cooperative socigtiparastatals and other organizations from the

state and were privatized.

Following the decline in coffee cooperatives performance in Kenya, innovative ways are
needed to bring the coffee sector back to where it was and even beyond. This research
soughtto evaluate the effect of diversification on improving the performance of coffee
cooperative societies in Kenya.

2. MATERIALS AND METHODS
2.1 Study Population

Population refers to the whole group of events, objects or individuals with common
observable chacteristics (Mugenda & Mugenda, 2003). The target population included

al | the coffee cooperativesd factories i n
factories in Kenya according to the Kenya Coffee Traders Association (KCTA, 2016).

The factory, as # unit of observation, was selected after an evaluation of how
cooperatives operate. A cooperative society may have one or more factories. It was
realized that all the variables being measured were different in factories belonging to the
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same cooperativel-or example, the income earned is per factory not for the entire
society. Different factories of the same cooperative society could have different incomes.
Different factories of the same coffee cooperative could have different performance
levels. The famry manager was the respondent since he is the senior most employee of
the factory. Each factory has a factory me
executive management.

2.2 Sampling Technique and Sample Size

Sampling refers to the processobibosing a number of objects from the population under
study in such a way that the chosen objects represent the population being studied
(Mugenda & Mugenda, 2003). The study applied stratified sampling first. Stratification
refers to the process of paidning the entire population into small groups called strata.
The advantage of this is that it capitalizes on homogeneity of the stratum and so a small
sample can be used to study the population. This was combined with simple random
sampling as follows;

Kenya has two main regions where coffee is grown, East of Rift Valley and West of Rift
Valley. Each of the two regions was included in the sampling. East of Rift Valley has 782
factories out of the 1052 and as such 74% of the sample were from the Easfand 2
from West of Rift Valley. East of Rift Valley has 9 Stdyjions (strata). Simple random
technique of sampling was utilized to pick 4 out of the 9 strata to take part in the
research. In each of the 4 strata again simple random technique of samplintijines

to pick factories that participated. The same process was repeated in selection of study
units for the West of Rift Valley. This technique is also in line with Olaniran (2016), who
used a two stage sampling by applying stratified sampling fotlomesimple random
sampling. Makongoso (2016) in a study on collective entrepreneurship in Kenya coffee
cooperatives, used multistage sampling technique.

2.3 Sample Size Determination

This study adopted Cochran formulae to determine the sample size.qUhisoa was
found to yield a reliable sample size as illustrated below.

n=272pq/ e?

n - Sample size

Z2 - abscissa of the normal curve at 95% level of confidence
e?- is the desired level of precisidnn this case 5%

p i is the estimated proportiasf population with a certain attributen this case we use
0.5 since we donét have the proportion

q=1ip
Sample size will be; 1.96 * 1.96 * 0.5 * 0.5/ 0.05 * 0.05

= 385 factories
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If the population is small (less than 100@0¢n the sample is reduced slightly with the
formula;

Corrected sample size = n
1+ (ni 1)/N
Where N is the population
= 385

1 +(3851)/1052
Using the formula, the sampdeze was 283.

Therefore, the sample size was 283 coffee factories in Kenya who were selected using
multistage sampling.

Table 2.1: Distribution of sample size

Region Rift Valley &West of Rift East of Rift Valley
Valley

Total number of factories 270 782

Number of strata 9 9

Strata selected using simp 4 4

random sampling

Factories selected using simg 73 210

random sampling
=No of factories/1052 * 283
Percentage 25.8 % 74.2%

2.4 Data Collection Tools and Procedure

The study involved document rew to get the necessary secondary data. The secondary
data included panel data for the years, 2014, 2015 and 2016. This was combined with
crosssectional data. A combination of panel data and esesfional data enhances the
guality and quantity of dataGyjarati, 2003). Primary data was gathered via single
factory visits and holding interviews with the factory managers. Structured questionnaires
were administered to respondents by enumerators. A respondent was the factory manager
in charge of a factory. Atudy unit was a factory since the data being collected belonged
to factory not individual farmers or the cooperative society. Questionnaires were
designed by use of a 5 point Likert continuum scale (Very low, low, moderate, high, and
very high,); this wa in tandem with (Azadi, Hosseinnia, Zarafshani, Heydari & Witlox,
2010).

2.5 Measurement of Variables
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The variables in this study were performance and level of diversification tocaffae
businesses Performance was measured in terms of earninglimgssiper kilogram of
clean coffee whereas level of diversification was measured by determination of the
percentage of annual income earned from-caffee business.

2.6 Data Analysis

After collecting data using questionnaires, it was prepared to ma&ady for analysis

by handling blank responses, coding, editing, categorization as well as keying into
Statistical Package for Social Sciences(SPSS). Analysis of data was done by use of
correlation analysis, panel regression analysis as well as descsafafigtics. This was

also supported by the STATA (for panel data) and SPSS software (forsexdgmal

data).

The data was then subjected to a linear regression analysis and an optimal regression
model developed. The model revealed an association éetiie dependent variable, the
independent variable as presented below.

Y=b0 +blX +e

2.7 Ethical Considerations

To ensure ethical standards, informed consent, privacy, anonymity, openness, honest
disclosure of the information was practised. The enatoes signed a bond to abide to
these regulations.

3 RESULTS AND DISCUSSIONS

This section consists of interpretation, analysis of data, discussion and results summary
the findings were presented in charts as well as tables.

3.1 Rate of Response

The guesbnnaires which were issued to the coffee factory managers were 283 and a total
of 252 questionnaires were correctly filled and returned. Some of the respondents
returned the issued questionnaires Hfilid while others refused completely to return
themin spite of several follow up. The findings ofsponse rate are presented in Table
3.1.

Table 3.1: Response Rate of Respondents

Response Frequency Percent %
Returned 252 89.05
Unreturned 31 10.95
Total 283 100

The rate of response was 89.05% iadicated on Table 3.1. The rate of response of
greater than 50% is sufficient for a descriptive research (Kothari, 2004). The response
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rate is also in tandem with the rate in a research conducted by Abubakar et al (2015) on
the factors affecting the cperatives performance in Malaysia, which was 72%.

3.2 Demographic Characteristics

This part includes the information that explains crucial characteristics for instance age,
gender, education level, duration of work in the factory as well as age of theyfac

83% of the respondents were male. 60% were above the age of 55. Only 4% were below
the age of 30 years. 41.7 had gone up to college level of education. 51% of the
respondents had worked in their respective factories for more than 10 yessts. M
factories were quite old. Majority of the respondents (71.8%) stated that their factories
were over 20 years old.

3.3 Diversification and Performance of Coffee Cooperatives

The respondents were asked to give their opinion on effect of diversifidatioon

coffee business on the performance of coffee cooperative societies in Kenya. Majority of
the respondents (85%) believed that diversification to-auifee business affected the
performance of coffee cooperative societies. This implies that the dieesified a
cooperative society is the more it is likely to perform better. These findings agreed with
that of Culas and Mahendrajah (2005) who argued that performance of a coffee factory is
highly affected by the level of diversification to other basses. Only (15%) indicated

that diversification to nowoffee business would not affect the performance of coffee
cooperative societies in Kenya. Diversification expands markets of a company and
increases income Chiranibet al (2013).

The respondents werdurther asked to indicate their opinion on what extent
diversification to norcoffee business affected the performance of coffee cooperative
societies in Kenya.

80.00%
70.00%
60.00%

67.07%

[+
&) 50.00%
5 40.00%
2 o
cc_: 30.00% 21.95%
o7
20.00% 976%
10.00% 1.22%
0.00%
To avery great To a great Moderate No extent
extent extent extent
Respondents Opinion

Figure 3.1: Extent Diversification to NonCoffee Business and Pedrmance

The results in Figure 3.1 show that majority of the respondents (67.07%) believed that
diversification to norcoffee business affected the performance of coffee cooperative
societies to a great extent. This implies that diversification tecoffiee business by the
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coffee cooperatives is likely to improve the level of performance of the cooperative
society. These findings agreed with that of Culas and Mahendrajah (2005) who argued
that performance of a coffee factory is highly affected by the lefvdiversification to

other businesses. This is also in tandem with Okibo and Karagu (2014) who stated that
cooperatives should introduce more products to remain competitive in the market. Only a
smal | percentage didnot b e maneevas a oefult @ n y
diversification.

The study further sought to establish the extent to which the diversification 4mffen
business affect performance of coffee cooperative societies. The results of this study were
as depicted in Table 3.2.

Table 3.2: Diversification to non-coffee business and performance

Strongl

y Dis Ne A Strong M Std

disagre agr utr gr ly ea .D
Statement e ee al ee Agree n ev

%
Diversification to norcoffee businesse
would  improve/has  improved th 11. 51 4.
performance of our factory 1.2 71 9 2 286 0 0.9
The diversification strategies in the factc
would help/has helped cope wi 10. 53 4.
competition 3.6 83 7 6 238 3 45
Risk has been/would be minimal due 15. 19. 50 3.
diversification 6.0 5 0O .0 95 4 1.1
Farmers have befited/would benefit fromr 13. 48 3.
diversification 9.5 60 1 8 226 7 1.2
3.

Average 9 19
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The results in Table 3.2 revealed that majority of the respondents (79.80%) agreed
with the statement that diversification to rooffee businesses wouldhprove the
performance of the factory. This implies that coffee factories that diversify are likely
to perform better than those that do not diversify. Most of the respondents showed
agreement with the other statements analyzed above that highlightedptréance

of diversification. Diversification to nenoffee businesses would increase the income
streams of the cooperatives making them perform better. Diversification would also
mitigate the risk of low performance due to unfavorable weather. Kara@kiBo

(2014) advises cooperatives to diversify to other products so as to remain competitive.
Athar et al (2015) argued that managers diversify in order to get higher returns as well
as distribute business risk. When a firm is diversified business uaitsntike losses

are able to be supported by the profit making ones.

On a fivepoint scale, the average mean of the responses was 3.85 which means that
majority of the respondents were agreeing with most of the statements that were
supporting the positiveefationship between diversification and performance; The
deviation among the respondents was minimal with a standard deviation of 1.92. This
means that there was near consensus that diversification is important in improving the
performance of the coffee aperatives in Kenya.

3.4 Non coffee Products Introduced

The number of products that a society was considered to be a measure of
diversification in the factory. The figure below summarizes the number of products
introduced.

Figure 3.2: Products Introduced

The average number of product introduced in the year 2014 was 0.25, the average
decreased slightly to 0.2 in the year 2015 and further increased to 0.24 in the year
2016 . It i's therefore noted that there i
introduced across the three years.
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