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Abstract

About 50% of the Zambia’s population in the rural areas do not have access to an improved source of water
supply, thus relies on untreated water from shallow wells, streams and rivers for drinking and other activities. The
lack of access to clean water is associated with water related illnesses and other negative social impacts. This
paper aimed to propose use of solar energy in water pumping systems for water supply in rural areas of Zambia.
The information used is from secondary sources.Use of the solar energy in water pumping system is not only an
important part of providing household with clean drinking water alternative, but also important for access to an
improved source of water supply for rural households and sustainable water resource development in Zambia. The
paper further investigates the potential of using solar energy in water pumping system to avert the nation’s disease
burden and its sustainability using number of employment created as indicator. The analyzed results indicate that
the use of solar energy in water pumping systems have the potential of reducing the Zambia’s social cost burden by
30% which translate to about US$61million saving per year and can create employment of about 24,000 in
Zambia.

country.
Keywords: PV water pumping system; solar energy; Photovoltaic; Water; Sustainable water development,

1. Introduction 8hours per day throughout the country with monthly

Zambia is located in the heart of Southern Africa &verage of daily solar irradiation of 5.5kWh/m2/day

between latitudes 8 and 18 degrees south of the equator.
Over 98.77% of Zambia’s surface is taken up by land
leaving only 1.23% covered by surface water such as
rivers, streams, lakes and other inland water (Source). It
has no access to the sea or ocean. The country is
surrounded by eight neighboring countries namely;
Tanzania and Democratic Republic of Congo (DR
Congo) to the North, Angola to the West and Namibia
to the South West; Botswana and Zimbabwe to the
South; and Mozambique and Malawi to the east as
shown in fig.l [1,2]. It has a population of
approximately 15.5million people (2015 estimates) of
which 58% live in rural areas and 42% in urban areas
[1,3,4]. According to UNICEF data, the level of access
to improved source of water supply in Zambia for the
whole population is about 64% and 50% for access to
adequate sanitation [5]. However, only 55,3% of the
rural populations have access to improved source of
water supply and adequate sanitation [6]. The country
has favorable climate with average sunshine of about 6-

throughout the year. Such irradiation is adequate for
using solar energy technologies such as Photovoltaic
water pumping systems [7]. The supply of clean and
reliable water and reduction in distance to water supply
source in rural areas is vital for the life of the
community, livestock and agriculture. The use of solar
energy in water pumping system is one of the best
alternative solutions for rural areas that are located far
from the electric grid since the solar energy resource is
readily available in the communities.

The aim of the study is to assess the potential of solar
energy in averting the water borne disease burden in the
rural areas of Zambia, through improved access to safe
clean water supply sources by using solar energy in
water pumping systems. This desktop study involved
collecting data from various literatures.

(e |
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2.  Water Situation in Zambia

2.1. Water Resources

The country has adequate water resources as compared
to other countries in the region with water surface area
of about 9,220km? It is rich in lakes such as Lake
Mweru, Bangweulu, and Tanganyika and manmade
lakes of Kariba and Itezhi-Tezhi, and rivers like
Zambezi, Kafue, Luapula, Chambeshi, and Luangwa as
shown in figure 1[2]. Table 1 shows statistics on the
river catchment areas of some rivers and lakes in
Zambia [2]. However, despite rich in water resources
the availability of water in the country, the surface
water is not evenly distributed as shown in fig.1, and
the access to safe clean water by the rural population is
low. The country has average annual rainfall ranging
between 600 mm in the south and 1, 500 mm in the

north [2,6].
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Fig. 1: RI\:(;I’ Basins of Zambia [2]

Table 1: Percentage Contribution of Rivers and Lakes
to Water Resource [2]

River/Lake Total Contribution to Annual
Area(km?) | Surface water | Run-Off
Potential (%) (km®)
Zambezi 803,267 36,36 41,75
Luapula 268,235 26,25 30,14
Luangwa 144,358 19,44 22,32
Chambeshi 44,427 7,62 8,75
Kafue River 156,995 8,40 9,88
Tanganyika 15,856 1,73 1,99
Total for 803,267 99,8 114,830
Zambia

(Source: Ministry of Energy and Water Development)

2.2.  Water Quality

The water quality in Zambia is generally good, however
due to increase in population since independence this
have resulted in increasing pressure on the water
resource. As the results of human activities and ever
increasing population in the country the water quality
has generally reduced [2,6]. According to the World
Health Organization 2013 report, water pollution of
drinking water in most developing countries like
Zambia are due to poor sewerage disposal, such as use
of pit latrines for toilets in many rural and sub-urban

areas and lack of access to clean water [8]. When pit
latrines are used for toilets, the wastes are kept in the
toilets holes because there is no sewerage system for
disposing off the wastes far from the residential areas,
thus during rain seasons, the polluted water from the
toilets are gradually washed into the nearby
groundwater or surface waters. This leads to affecting
the environments and leads to water related diseases
such as dysentery, cholera, diarrhea, and many other
kinds of illnesses related to drinking untreated water
from shallow wells in many rural areas.

2.3.

Zambia’s total annual water consumption is just under
40 km?® per year with hydropower generation taking the
largest amount of water followed by agriculture,
industry, drinking water and domestic water supply as
shown in figure 3[2,6]. The government is facing with
the challenge of satisfying 4,8 million people without
access to safe water and 6,6 million people without
access to adequate sanitation facilities [2,5]. This has
been due to lack of investment in the water and
sanitation infrastructure by the government and also
because of the settlement patterns in the country [2,9].
As the result, there is low rate of access to water supply
and sanitation especially in rural areas where the
majority of the population lives as shown in table 2
section 3 below. Therefore, most people in these areas
use untreated shallow water wells for their household
water needs. However, the uses of these untreated water
resources are mostly related to water borne related
illness. Table 3 below in section 3 show the national
outpatient and admission cases due to water borne
related diseases due to lack of access to safe clean
water and sanitation.

Access to Safe Water

The government of Zambia stated a standard for access
to domestic water supply which was set at 500 m and
each water point is supposed to serve about 200 people
[2,9]. These set standards can easily be achieved by use
of solar energy technologies in water pumping systems
in rural communities far from the grid.

3. PV Water Pumping System

A photovoltaic water pumping system is a water
pumping system that uses solar energy as the primary
energy source for pumping water. In these systems, the
photovoltaic cells are used to convert solar energy into
electrical energy, which is then used by the motor-
pump unit for pumping water. This system offers best
alternative solution for rural areas far from electric grid
for pumping and supplying clean and improved water
to the communities. In these systems water is usually
pumped during the day and kept in water tanks for
treatment and use during day time, night or under cloud
cover [12].
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Access to water supply in rural areas in many
developing countries such as Zambia (for household,
livestock and irrigation use) is very difficult and time
consuming [13]. This is because people have to walk
for long distances to draw water from rivers, streams,
shallow wells, or boreholes that are usually located far
from the communities [14]. Thus, water pumping
systems that use solar energy are the best alternative
solutions for rural areas for improved access to clean
water supply source [14,15]. Typical Stand-alone solar
water pumping systems generally consist of PV array,
power conditioning unit, motor-pump unit, and water
tank. The use of PV water pumping system in rural
areas can greatly contribute to the development of the
rural areas as it has potential for not only pumping and
supplying water to the communities but also creating
employment and reducing the use of untreated shallow
water sources, thus, reducing the water borne related
diseases such as mentioned in table 3.

4. Materials and Methods

This section shows the summary of the data considered
for the investigation, the results and brief discussion of
the results. In the study, polycrystalline PV module has
been considered with the following specifications; PV
power 250WP, Voltage VMPP 30.3V, operating current
IMPP 8.25 and PV module area of 1.64m2 [24]. The
monthly averages of daily solar irradiation for the study
area have been extract from the NASA Surface
Meteorology and Solar Energy. Table 4 contains the
input parameters used for sizing a PV water pumping

system for each serving point using the above equations
above. In this study, only the direct employment at each
serving point has been considered. Furthermore, in
calculation of saving on social burden cost, the
assumption was access to safe clean water reduces the
water related diseases by 30% which was according to
the study carried out by Esrey, S.A. The data used to
estimate the cost of social burden was according to the
study carried out in Zambia by Lumbwe Chola as
shown in Table 5.

In order to investigate the potential of using solar
energy in water pumping system to avert the nation’s
disease burden and its sustainability, the number of
employment created has been used as indicator at 100%
access to safe and clean water. According to the
Zambian standards the average family size is 5 [1] and
the average amount of water required per person per
day in this study has been assumed to be 40 liters per
day. According to the government of Zambia, the
standard access point to domestic water supply is set at
500 meters from the furthest house and each water
point is suppose to serve about 200 people [2,9].
Furthermore, according to [26] the cost of water on
average is $0.25/m® (0-6m°) and the annual average of
daily solar energy is 6,37kWh/m?-day [7,25].

The components efficiency and factors considered in
this study have been extracted from various literatures:
Inverter MPPT set efficiency of 98% [24], Motor-Pump
set efficiency of 42% [18, 23], cable losses 2% and PV
other losses 10% [23].

Table 2: Summary of Access to Safe Water Supply and Sanitation in Zambia (Source: 2013,2014, NWASCO
reports[4,5,9,11])

2012 2013 2014
Population Coverage (%) Population Coverage (%) Population Coverage (%)
SW S SW S SWS S
Zambia 13,817,480 68,5 41,9 14,222,230 72,3 47,8 14,638,510 67,2 54,9
Urban 5,760,541 81,8 57,3 | 5,965,575 839 | 587 6,122,284 83,8 60,7
Rural 8,056,939 59,0 31,0 8,256,655 64,0 40,0 8,516,226 55,3 50,8
*SW-Safe Water Supply, S-Sanitation (Source: 2013,2014, NWASCO reports[4,5,9,11])
Table 3: Water Borne Related Disease Cases
Disease Description Year
2010 2011 2012
Outpatient | Admission | Outpatient | Admission | Outpatient | Admission
Typhoid Cases 977 37 2,657 101 2,433 93
Severe Diarrheal (with Dehydration) Cases 1,546 59 25,742 982 29,948 1,143
Cholera Cases 8,893 339 796 30 483 18
Dysentery Cases 60,327 2,302 64,525 2,463 56,902 2,172
Diarrheal Non-Blood Cases 1,038,596 39,640 1,127,520 43,033 1,148,832 43,847
Total Cases 1,110,338 42,378 1,221,239 46,610 1,238,598 47,273
Total Population 13,460,310 13,881,340 13,817,480
Percentage (%) 825 | 031 8,80 | 034 8,96 | 034

(Source: Ministry of Health, Planning and Policy Department [9,10])
Table 4: PV Water Pumping System Sizing Parameters

Parameter Quantity
Average water required per person per day 0.04m3/day
Average Borehole Depth 30m




Tank Height from ground level

10m

Annual Monthly solar radiation

Maximum Radiation: 7.23 (kWh/m2/day)

Average Radiation: 6.37(kWh/m2 /day)

Minimum Radiation: 5.19 (kWh/m2/day )

Location

15057°40°" S, 26022°1”’E

Optimal Inclination Angle

210

Number of people at each serve point

200 (40 house, 5 people per house on average)

Specific Pumping time (average sunshine time

)

6hrs

Autonomy period

3Days

Table 5: Cost of Treatment for Water Borne Related Diseases [9,10]

Cost Description Amount Amount Number of visits Amount
($/visit) ($/bed/day) (days) ($/a)
Outpatient Costs
Treatment Cost Treatment 26 26 4 104
Outpatient 3 3 4 12
Transport Cost Transport and incidentals 10 10 1 10
Productivity Cost Productivity Losses 25 25 1 25
Total Cost for Outpatient 151
Admitted Patient Costs
Treatment Cost Admission cost 78 78 4 312
Treatment 26 26 4 104
Transport Cost Transport and incidentals 10 10 5 50
Productivity Cost Productivity Losses 25 25 4 100
Total Cost for Admitted Patient Costs 566
Water Treatment Cost $0.7/person/a a-annual
Maintenance Cost (Well, Boreholes, Taps, Pumps) $2/person/a
Cost of Installing PV Water Pump System (assumed) $10/W

5. Theory/Calculation
5.1. Amount of Water Required

The amount of water required V, to be supplied at each
serving point per day, has been determined in terms of
water required per person per day V, and the number of
people at the serving point N,. Therefore, the volume of
water V (m®) in a tank that is required to supply each
serving point for any number of autonomy days has
been determined by [14,17].

Vt:NP'VPTD (_‘]_)

Where Vt is total amount of water required to be
pumped per day (m%), Np is total number of people at
serving point, Vp is total amount of water per person
per day (m°), and Tp is number of autonomy days (3
days in this case study).

The pumping rate which is also called water flow rate
has been estimated using the average number of peak
sunlight hours and the total amount of water required to
be pumped per day using the equation given below
[14,18].

V.
t- )

Q=vA=

Where Q is pumping rate (m3 /s) or (m3/hr), tr is

number of sunlight hours or the total pumping time
(hr), v is velocity of water (m/s), A is cross-section area
of the pipe (m?), and Vt is total amount of water
required per day per serving point (m?).

5.2.Pumping Head

The total dynamic head TDH is the sum of suction head
Hsp, discharge head Hpy and total frictional head losses
Hy. [18]. Assuming only 5% friction head losses should
be allowed in the system the total dynamic head has
been determined using eq. 3 [18,19]

HTDH =1105(H SH +H DH) . (3)

Where Hqpy is total dynamic head (m), Hsy is suction
head (m), and Hpy, is discharge head (m).

5.3.  Pump Hydraulic Power

The energy required by the motor-pump set depends on
the efficiency of both the motor and the pump.
However, the efficiency of subsystem depends on the
efficiencies of motor-pump set, cables, other electronic
components and inverter-MPPT  system, these
efficiencies translate into the total subsystem efficiency
used to determine the total energy required per day. The
power delivered by the pump to the fluid called
hydraulic power which is required per day to supply
volume of water Vt (m3) at total dynamic head Hpy
has been determined using eq. 4 [12,18,20].
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P — ngH TDH.

e 1000 (4)
Where Py is Hydraulic power delivered by the pump
to water (kW), p is water density (1000 kg/m3), g is
acceleration due to gravity (9.81 m/sz), Hrpy is total
dynamic head (m), and Q is water flow rate (m*/ s). The
subsystem efficiency is given as:

77$ubsyst - 77mp 770 77 pcu (5)

Where Msuwsystem 1S €fficiency of the subsystem, 1y, IS
efficiency of power condition Units and other
electronics, mn is efficiency of Cables, and g, is
efficiency of Motor-Pump set.

The total energy E+ (kWh) that has to be supplied to the

subsystem for the specific period of time t; called
specific pumping time has been determined using eg.6.

P hyd tT.
nsubsyst (6)

E. =

5.4. PV Generator Sizing

In order to determine the size of the PV generator and
the number of PV panels required for the system.
Firstly, it is important to determine the required PV
area Apy (M) from the worst case minimum monthly
average of daily solar radiation, H (kWh/m*day), the
PV module laboratory efficiency npy, and the
operating efficiency of the PV module, and has been
estimated using the eqs.7,8,9,10 and 11 given below
[14, 22, 23]. PV module laboratory efficiency mpy,, has
been determined using eq. 7.

— V MPP I MPP
7« “1000 Ao @

Where Ve is PV module Voltage (V), lyer is PV
module current (A), and Apy, is PV module area (m?).
The PV module operating efficiency has been
calculated using eq.8.

77PV :77pv,u'770 (8)

Where npy u IS array efficiency at 1000 (W/m2) and 25
°C and n is array efficiency due to other losses in PV
(shading, dirty, Temperature, etc, 10% losses due to
other losses has been considered in this study.) The
total active area that is required for the PV generator
Apy has been calculated using eq. 9 given as:

=
H 77PV (9)

The Total PV generator Power PV e and the number
of panels Npy that is required to supply the energy to the
pumping subsystem has been determined using eg. 10
and 11 given below.

AF’V

H
PV v ~1000 239 :
77PV nsubsyst OPT (10a)
PV MPP :1000 77Pv,u APV (10b)
N ., = PV uee _ PV wee
PV PMPP V MPP [ MPP (11)

6. Results and Discussion

Assuming that lack of access to clean safe water is the
main cause of all the water borne related diseases in
Zambia, the estimation of the average total social
burden cost of the diarrheal illnesses to the country’s
economy is summarized in table 6. Fig.2 illustrates the
projection of the diarrheal illnesses and the social
burden cost per year expected to be in the future. It is
worth noting that both the social burden cost and
diarrheal illnesses are expected to continue increasing
yearly if a anything is not done to combat the situation.

Table 6: Estimation of Social Burden Cost of Diarrheal

illness

Cost Description Year

2010 2011 2012
Outpatient Cases 1,110,338 1,221,239 1,238,598
Outpatient Cost ($/Patient) 151 151 151
Total Outpatient Cost ($/a) | 167,661,038 | 184,407,089 | 187,028,298
Patient Admission Cases 42,378 46,610 47,273
Admitted Patient Cost 566 566 566
($/Patient)
Total Admitted Patient 23,985,948 | 26,381,260 | 26,756,518
Cost($/a)
Total Burden Cost ($/year) | 191,646,986 | 210,788,349 | 213,784,816
Average Total Burden 205,406,717
Cost($/yr)

2000
1]

mmm Diarrheal Ilinesses

——Burden Cost

2 1800

I
2 1600

'_g 1400
1200
1000
800 -
600 +
400
200 +
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Fig. 2: Projected Social Burden Cost and Diarrheal

illness cases
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There is a link between lack of access to adequate safe
water supply source and diarrheal diseases. When
communities do not have access to safe water sources
they tend to use unclean and untreated water sources.
However, with the use of solar energy technologies in
water pumping system in the rural areas means access
to safe clean water supply source and reduction in time
spend to collect water, since the use of solar energy in
water pumping system can be used to pump the water
into the storage tanks for treatment and supply to the
consumers. Table 7 summarizes the findings of the
study and shows the social burden cost saving and
potential of solar energy in water pumping technology
to provide clean and reliable water source for rural
communities in Zambia. According to [28] the
improvements in water supply system in most cases
would reduce the water borne related diseases by 30%.
Considering the 30% reduction in diarrheal case due to
use of solar energy in water pumping systems for
improved safe clean water supply to communities
means saving 30% of the social burden cost. Therefore,
by implementation of the solar energy technologies in
water pumping systems in Zambia, the government
would save approximately $61,6 million per year from
the social burden cost and be able to create direct
employment of about 24,000 by employing kiosk
attendants. Furthermore, it can be noticed from the
analyzed results, that if these systems are used in the
country a huge number of people will have access to
clean safe water sources, and also both direct and
indirect employment will be created which will result
into boosting the economy of the communities. On the
other hand, the system has short payback period of
about 7years.

Table 7: Calculation of PV Water Pumping System
Costs and Saving on Social Burden Cost of Diarrheal

illness
Description 2014
Population to be Serviced 4.8million
No. of Water Serve Points 24,000
No. of PV Water Pump Systems 24,000
Total Water to be Pumped(m3/a) 264.09million
Total Water Sell Cost ($/a) 66million

Total Power to be Installed (MW) 36.0

Total Installation Cost ($) 360Million
Total Water Treatment Cost ($/a) 3,36Million
Total Maintenance Cost($/a) 9,6Million
Average Total Burden Cost($/a) 205.41Million
Saving on Social Burden Cost($/a) 61.62million

Payback Period (years) 7
Saving on Social Burden Cost ($) (7yrs Period) 431,354,105.7
Employment Created 24,000

Conclusion

In this paper the water situation and diseases related to
water situation in Zambia were outlined. At the same
time, the potential of solar energy to contribute to
improving access to safe and clean water supply source
and avert the nation’s water borne related disease

burden has been assessed. There is a saying that’s goes
like “’Prevention is better than cure’’. It is vital to
prevent water borne related disease transmission than to
cure them. This can be achieved through increasing
access to safe clean water supply sources and reduction
in use of untreated water from shallow wells. The
analyzed results show that through improved access to
safe clean water supply, the government will be able to
create employment of about 24,000 people and also
reduce on the social burden cost related to water borne
disease by 30% which is translated to about
US$61million savings per year. This money can be
used in other development activities such as rural
electrification. Therefore, the use of solar energy for
water pumping systems in Zambia can greatly benefit
the nation in averting the social burden costs related to
water borne disease and create employment for rural
communities. Furthermore, through the use of solar
energy in water systems gives the government the
ability to achieve four (4) of the SDGs (Sustainable
Development Goals) of access to safe clean water
supply source, creation of employment, and better
health for the population of Zambia.
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Abstract

Nowadays keeping the air clean is one of the most important aims in environmental protection. The
fugitive emissions especially Volatile Organic Compounds (VOC'’s) and the ozone-precursors nitrogen oxides
(NOy) have a great impact on the quality of the atmospheric air. Worldwide fugitive emissions from leaking valves,
pumps and flanges amount to over a million metric tonnes per year. Elimination or reduction of fugitive emissions
could save industry many millions of dollars and prolong scarce resources.

Sealing system is the major contributing factor will be through the lowering of fugitive emissions. In this study,
various kind of fibre reinforced Nitrile Butadiene Rubber (NBR) sheet sealing materials and new developed
expanded graphite sheets were investigated. Experimental results shown that, the sealing performance has been
improved by the development in material technologies. Fibre base materials have higher permeability than
expanded graphite for both liquid and gas environments. They have adequate sealing performance to need for all
over applications. Expanded graphite shows better sealing performance than fibre base materials but it has lower
recovery.

As a result, for every specific application, careful selection, correct installation and operation according to the
performance envelope, regular inspection and maintenance must be considered for low or zero emission
requirements.

Keywords: Fugitive Emission; Global Warming; Volatile Organic Compound; Sealing Materials; Characterization;
Sealing Performance

1. Introduction

It is recognised that industry must reduce its impact on the environment if we are to continue global development
for future generations. A major contributory factor will be through the lowering of industrial emissions, which has
been catalysed by a combination of public pressure, environmental legislation and the internal requirement to
minimise the loss of valuable feed-stocks. Large proportions of the emissions to atmosphere are represented by the
by-products of combustion (notably the oxides of carbon, nitrogen and sulphur), along with known losses of
Volatile Organic Compounds (VOC’s) and steam. In general, these are all emissions anticipated from the industrial
process, under the control of the plant operator [1-3].

The fugitive emission is often defined as; any chemical, or mixture of chemicals, in any physical form, which
represents an unanticipated or spurious leak, from anywhere on an industrial site [1-3]. It also covers all losses of
materials (usually volatile) from a process plant, through evaporation, flaring, spills and unanticipated or spurious
leaks [1].

The fugitive emissions especially VOC'’s are of significant environmental concern because some have the potential
for Photochemical Ozone Creation Potential (POCP), Ozone Depletion Potential (ODP), Global Warming Potential
(GWP), toxicity, carcinogenicity and local nuisance from odour. These properties mean that VOC’s are a major
contributor to the formation of “Summer Smog”. The prevention of VOC emissions is therefore one of the most
important issues facing the operation of many industrial processes [1, 4, 5].

VOC is the generic term applied to those organic carbon compounds which evaporate at ambient temperature, and
is defined usually as “a substance having a vapour pressure of greater than 0.3kPa at 20°C”. The term covers a
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diverse group of substances and includes all organic compounds released to air in the gas phase, whether
hydrocarbons or substituted hydrocarbons. Their properties, and hence need for control, vary greatly and so
systems have been developed to categorise VOC’s according to their harmfulness. The three classes are [1]:

e Extremely hazardous to health (such as benzene and vinyl chloride)

e Class A compounds, which may cause significant harm to the environment (e.g., acetaldehyde, aniline and
benzyl chloride)

e Class B compounds, which have lower environmental impact

Some VOC’s may also be highly odorous, for example aldehydes, amines, mercaptans and other sulphur-
containing compounds. This may necessitate additional stringency in the prevention measures (e.g. high integrity
equipment to reduce fugitives) and the abatement of losses.

To put the scale of the challenge into perspective, fugitive emissions in the USA have been estimated to be in
excess of 300,000 tonnes per year, accounting for about one third of the total organic emissions from chemical
plants, and inevitably mirrored in Europe. Irrespective of any environmental impact which it may cause, this is a
tremendous financial burden on industry because it represents a huge loss of potentially valuable materials, and
cause of plant inefficiency [4]. Yet in most instances, the true costs are not appreciated, since many of the costs
associated with fugitive emissions are invisible (Figure 1) [1-4]. The values of fugitive emissions will depend upon
[1,2]:

Equipment design

Age and quality of the equipment
Standard of installation

Vapour pressure of the process fluid
Process temperature and pressure
Number and type of sources
Method of determination

Inspection and maintenance routine
Rate of production

Visible costs Lost material

Invisible costs Labour to repair leaks

Material to repair leaks
Wasted energy

Plant inefficiency
Environmental "clean up”
Environmental fines

Lost sales due to poor image
Claims for persenal injury

Figure 1. The sources and costs of fugitive emissions [1-4]

A significant proportion of fugitive emissions can be losses from unsealed sources, including storage of liquid and
gas tanks, open-ended (non-blanked) lines, pressure-relief valves, vents, flares, blow-down systems, spills and
evaporation from water treatment facilities. These are part of the industrial process, usually anticipated by the
process operator. In other cases, these losses may be caused by leaks in the sealing elements of particular items of
equipment, such as [1]:

Agitators / Mixers
Compressors
Flanges

Pumps

Tank Lids

Valves

Valves
Others Solvent Using 60%
15% Industries
30%

Pumps
10%
Flanges

Automotive Oil and Gas Tan:(s Relief Valves 5%
Industries Industries 10% 15%
35% 20%

Figure 2. Fugitive emissions by source type [3]
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As can be seen Figure 2, valves are considered to account for approximately 50-60% of fugitive emissions.
Furthermore, the major proportion of fugitive emissions comes from only a small fraction of the sources [1-4].
Leaking losses are often hard to determine since there are many potential sources and they are very dependent on
how well the installation is operated, maintained and inspected. Some important causes of leaking losses are [1]:

II-fitting sealing elements
Installation faults
Construction faults
Wear and tear
Ageing
Equipment failure
Contamination of the sealing element
Excursions out of normal process conditions
e Poor maintenance procedures
Sealing systems play a vital role in the environmental performance of industrial installations. After careful
selection appropriate for the specific application, correct installation, and operation according to the performance
envelope, regular inspection and maintenance must be considered for low or zero emission requirements.

A seal is a basically a device closing (sealing) a gap or making a joint-tight the fluid in this case being either a gas
or liquid [6, 7]. The primary purpose of a seal is to contain a fluid and so protect the immediate environment from
contamination and vice versa [8]. This may vary in significance from innocuous fluid loss such as steam and water
up to nauseous, toxic or hazardous fluid loss. In the former case, the loss of such innocuous fluid will lead
primarily to lack of plant efficiency for the operator, although such leakages may still present hazards such as
leakages of high pressure water or steam. Clearly, in the latter case it is not only financially inefficient but also
environmentally dangerous; for employees, members of the public and for nature at large! Consequently, the
correct selection and use of the appropriate sealing technology for the application is just part of the environmental
responsibility of the plant operator.

Sealing takes place between surfaces which do not move relative to one another in static seals or gaskets whereas a
dynamic seal where sealing takes place between surfaces which have relative movement [6, 9].

It is possible to say that a static seal or gasket is one of the most important mechanical construction parts of each
kind of machines and transport systems used in automotive and aerospace industry, piping systems and
petrochemical industry [10-12].

2. Experimental Studies

In this study, parameters affecting system performances to elimination of fugitive emissions were determined and
effects of variations on these parameters on sealing performance and mechanical properties are characterised
according to tests given by ASTM, DIN, BSI standards. For this aim the widespread used soft gasket materials,
have 0.80 mm thickness, were investigated in experimental studies. For this aim, fibre based static sealing
materials widespread using in sealing applications were determined then procured. Also new developed expanded
graphite sheet materials were used for characterisation.

Experimental equipment’s were designated and manufactured according to international standards. Also test
samples were prepared in steel cutting moulds to achieve close tolerance. Before every test five samples were
conditioned as specified for particular type of material and tests according to relevant standards.

3. Results and Discussions

The important sealing materials properties affecting system performance and fugitive emissions are discussed
below:

a) Density is the one of the most important properties affecting sealing performance. It is given by calculation
of the grams of material in a cubic centimetre (g/cm®). The sealing ability depends on the porosity amount of
materials. Generally, the higher the density gives the better the performance. But sealing elements must be
compressible enough to fill surface irregularities of flanges. Average densities of sealing materials used in
experimental studies are given in Figure 3.
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Figure 3. Density of selected gasket material types

As can be seen the above figure new developed graphite base materials have lover density from the other
commercial materials. Also it is clear that as the sealing materials technology develops, density decreases. On the
other hand, in the international sealing literatures sealing materials can be classified into three groups according to
their density:

1. Low density (lower than 0.88 g/cm®): Offer high degree of conformability for used or scratched flanges that are
often encountered in the aftermarket or service industries. Generally, lower density materials don't seal as well as
high density material, and don't have sufficient torque retention for the more demanding applications of global
OEM manufacturers. In this investigation all of samples have low density.

2. Medium density (between 0.88 g/cm®and 1.36 g/cm’): Offers a balance or compromise between low and
high density. These materials are acceptable for OEM use and offer the necessary sealability and torque retention
capability. Used in joints that does not require mechanical integrity or outstanding sealability. In this study, only
graphite base material is in this group.

3. High density (greater than 1.36 g/cm®): These materials are less compressible and suited for applications
with uniform flange pressures, since these materials will not conform well to flanges that bend or distort. High
density materials have excellent sealability, crush resistance and torque retention. Suitable for most OEM
applications. The asbestos and aramid fibre base sealing materials in this investigation are suitable for this criteria
widespread used material in the world.

b) Sealability is probably the most important of all gasket properties, because it measures the primary
function of a gasket's ability to seal. It is a measure of how much fluid escapes from a controlled flange surface and
measured as a leakage rate, generally in mi/h.

Standard ASTM testing used ASTM Fuel A or Nitrogen as the fluid, with the flange being a very smoothly
finished steel surface (thus evaluating leakage through the material only and takes flange surface condition out as a
variable).

1,20
@ Liquid (ml/h)

1,00 B Gas (ml/min.)
£ 0,80
=
3 0,60
E
& 0,40

0,20

0,00 T T T

Asbest Fiber Aramid Fiber Inorganic Fiber Graphite
NBR NBR NBR

Figure 4. Leakage rates of selected gasket material types

C) Compressibility is expressed in percentage; it is a measure of how much the thickness of a material
changes under a given load, compared to its original thickness. Compressibility properties of gasket materials vary
depending upon the type of material and the applications for which they are intended.

In order to function effectively, a gasket material must be somewhat compressible. This is necessary for two
reasons. First, the gasket material must be able to conform to surface irregularities of flanges. Second, in the case
of fibrous sheets, the gasket material must be sufficiently compressible to close the pores and render the material
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impermeable for sealing purposes. In addition, however, the gasket material must not be so soft as to easily crush
or creep [13].

d) Recovery is expressed in percentage; it is a measure of the resiliency of the material. The number indicates
the percentage of "spring back" of the material after it has been compressed under a given load. For example, a
material with 20% recovery means it regains 20% of the thickness it lost after being compressed under a given
load.

35

jllEillE
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Figure 5. Compressibility of selected gasket material ~ Figure 6. Recovery of selected gasket material types
types

Once compressed, most gasket materials do not act like perfect springs. If the compressive load on gasket materials
is removed immediately after application, the material will usually not totally re expand to its full initial thickness
(~100% recovery). Rather, the gasket material takes a partial compression set and recovers only partially. The
amount of recovery and the residual compressive strength of a gasket can be crucially important in applications
involving thermal cycling or vibration that can cause flanges to move with respect to each other.

On seating, a gasket must be capable of overcoming minor alignment and flange imperfections, such as:

Non-parallel flanges
Distortion troughs / grooves
Surface waviness
Surface scorings
e  Other surface imperfections
So, the primary function of a gasket is to create and maintain a seal between flanges, under conditions which may
vary markedly from one joint to another, dependent upon the nature and type of application. To meet these varying
conditions, a number of flange / fastener / gasket systems have been developed.

Importantly, for all of these systems, the performance of the seal depends upon the interaction of the various
elements of the flange joint system [9, 14]. Only when all the components of the system working together in
harmony, the seal can be expected to provide a good performance over a reasonable lifetime. The integrity of a safe
seal depends upon:

Selection of correct components appropriate for the application

Careful preparation, cleaning, installation and assembly

Correct bolt tightening and loading

Regular inspection

The behaviour of a flanged joint in service depends on whether or not the tension created in the fasteners will
clamp the joint components together with a force great enough to resist failure of the seal, but small enough to
avoid damage to the fasteners, joint components, gasket etc. The clamping load on the joint is created on assembly,
as the nuts on the fasteners are tightened. This creates tension in the fastener (i.e. preload). Although there may be
some plastic deformation in the threads when a fastener is tightened normally, especially on the first tightening,
most of the joint components respond elastically as the nuts are tightened. Effectively, the entire system operates as
a spring, with the fasteners being stretched and the other joint components being compressed.

e) Working Temperature and Pressure: Temperature will have a significant effect on the sealing performance
since hot and cold conditions will degrade the physical properties of the jointing materials and deform them.
Sealing material has to withstand maximum and minimum working temperature. Variations in thermal conditions
cause the flanges to expand and contract, giving rise to a complex array of lateral forces on the sealing materials.
The sealing material must either be able to withstand these lateral forces or the forces must be reduced to an
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acceptable level. Application of the anti-friction coating can also help reduce flanges distortion. The application
ranges of sealing materials are given in Figure 7 and Figure 8.

[:{:] [ weld gaskets 5:5 |‘TC| 1 weid gaskets
600 — B grooved gaskets i% 50 welgeslet L
weld gasket B spiral wound gaskets g 3 7 ij ;T;v:’::;;ﬂ
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1 B PTFE, cPTFE ; % ‘
® 400 — Il rubber i
I% | 20
E f
E
g 300 —
E K vm;e;:c;lmum
g 200 15! sl
5
£ 100
0
0 600 o [N/mm?
range of gasket
=100 surface pressure
Figure 7. The range of gasket surface pressure limits Figure 8. Pressure-temperature range and
in relation to the range of temperature for gasket diameter (p — T — d) for the
typical gasket types [2] gasket type or material may be used

safely [2]

In maintaining a seal, temperature can never be treated as a completely independent factor. For example,
temperature has effect on torque loss. Beyond that, temperature ties in with relative motion of flanges as well as
with the chemical considerations in maintaining the initial seal.

As temperature rises from the ambient condition under which a joint assembly is initially tightened, the seal
usually improves by a perceptible degree. This can be attributed to a softening effect in the gasket produced by
heat. The gasket flows into flange surface imperfections, thereby improving the initial conformation between the
gasket and flange.

Prolonged exposure to higher than ambient temperature will cause many non-metallic materials to harden
abnormally high temperatures can cause complete breakdown in the initial seal. These are the temperatures which
produce burning or charring in non-metallic gaskets. If such conditions exist, preference should be given to high
performance fibre-rubber gaskets. [10].

f) Cost: Probably the most important factor considered in any sealing design is cost. However, the cost of the
sealing materials, in terms of actual piece price and tooling, should be considered with the cost of other
components in the system, that is influenced by seals. In most cases, the cost of the actual sealing technology is
infinitesimally small when compared with the investment made in the plant as a whole (Figure 9). Indeed, for
many sealing technologies, the cost per unit may be in the region of a few cents, completely insignificant when the
total plant costs are considered.
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Figure 9. The cost of the sealing technology [2]

Importantly, the unit cost of the sealing technology is overwhelmed completely by the labour costs required to fit
the seal, let alone the downtime of the plant. Consequently, the actual cost of the sealing device is immaterial in
terms of economic considerations for best available techniques (BAT). However, for the sake of completeness, the
following diagram provides an overview of the relative cost of the gasket and the environmental impact of the
sealing system (Figure 10).

Hign W soft Material Gaskets
[ | Corrugated Gaskets

] Spiral Wound Gasket
Relative cost
= Kammprofile Gasket
B wetal Gasket

B weld Gasket

Low High

Environmental Impact

Figure 10. Relative cost of gasket versus environmental impact [2]

Alongside the introduction of asbestos-free gasket materials, there have been many developments for alternative
gasket technologies. The following diagrams represent the sealing requirements of the vast majority of process
applications.

4. Conclusions

It is recognized that industry must reduce its impact on the environment for sustained global development for
future generations. A major contributing factor will be through the lowering of industrial emissions, which has
been catalysed by a combination of public pressure, environmental legislation and the internal requirement to
minimize the loss of valuable feed-stocks. Sealing systems play a vital role in the environmental performance of
industrial installations. After careful selection appropriate for the specific application, correct installation, and
operation according to the performance envelope, regular inspection and maintenance must be considered for low
or zero emission requirements.

As a result, with increasing requirements to reduce industrial emissions, with new sealing technologies, and with
new sealing materials requiring more careful selection, handling and installation. Overall, these new materials can
outperform their asbestos equivalent, but are usually less forgiving; users must exercise more care in selecting the
right material for the job and assembling the seal.
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Abstract

The power generation from photovoltaic (PV) system is not constant and it varies based on solar irradiance and
temperature. For any environmental condition, to convert maximum available solar energy, PV systems must be
operated at maximum power point. To accomplish that two different maximum power point tracking (MPPT)
methods have been presented in this study. The first method can determine MPP point by measuring the derivative
of PV cell power (dP) and PV cell voltage (dV) which is called Perturb & Observe (P&O) method. The second
method uses fuzzy-logic-control (FLC) based MPPT method to determine MPP point for actual environment
conditions. In this paper, 3kW PV system model is studied in MATLAB. According to the simulated results, FLC
based MPPT method has better performance than P&O method. Compared to the P&O method, FLC-based MPPT
can increase tracking accuracy and efficiency performance 0.13% under standard test conditions (STC).

Keywords: PV model, PV characteristic curves, Maximum Power Point Tracking (MPPT), Perturb & Observe
(P&O) Method, Fuzzy Logic Control (FLC)

1. Introduction

Demand for energy is increasing every day. Due to fossil fuel exhaustion and the environmental problems caused
by the conventional power generation such as gasoline, coal, etc..., renewable energy sources such as photovoltaic
panels and wind — generators are now widely used [1]. They are popular and environmental friendly energy sources
[2, 3]. When enough solar irradiance reaches PV panel, PV panel generates electrical power without any harmful
effect to environment.

Recently, due to its development and cost reduction, PV systems become an efficient solution to the environment
problem [4]. However, the development for improving the efficiency of the PV system is still a challenging field of
research [5]. Efficiency of the PV panel system depends on load and environment condition.

Generated power from PV panels varies depending on electrical loads at the same environment condition. Because
of that, generation of maximum available power is not guaranteed at all electrical loads [6]. Hence, Maximum
available power can be generated at a specific point which is called Maximum Power Point (MPP). It is a single
operating point given by a localized voltage and current for each environmental condition. The position of MPP
point varies depending on solar irradiance, temperature and electrical load [7]. This problem requires a controller
algorithm to find and track the MPP point for all atmospheric changes. In the literature, there are various maximum
power point tracking methods used to operate PV systems at MPP.

Because of being simple and easy to implement, Perturb & Observe (P&O) method is one of the most used ones in
the literature. However, this method presents some drawbacks. P&O method shows convergence and oscillation
problems around MPP region. Also, depending on small derivation parameters, it has slow response rate to reach
MPP. To enhance the performance and remove these drawbacks of the P&O method, this study presents Fuzzy
Logic Control (FLC) based MPPT method. The simulation and a general comparison between P&O and FLC based
MPPTs are discussed in this paper.
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2. Equivalent Circuit Model of PV Panels

PV cells are p — n junction semi — conductors that when exposed to light releases electrons around a closed
electrical circuit [8]. In the literature, there are various types of PV cell equivalent circuit model. Commonly, single
diode equivalent circuit model is used to express typical electrical characteristic of PV arrays [6].

A PV panel is built from connecting several PV cells in series or parallel. Figure 1 shows a PV cell equivalent
circuit and a PV panel with 9 cells.
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Figure 1. A PV panel and Equivalent circuit model of a PV cell
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Electrons from the cell are excited to higher energy levels when a collision with a photon occurs. These electrons
are free to move across the junction and create a current. This current is modelled by the light generated current
source (I,). The intrinsic p — n junction characteristic of the PV cell is represented as a diode in the equivalent
circuit model [9].

The PV load current show in Fig. 1 is defined as

[=1, -1 (e% — 1) — V;:;SI (1)

where | and V represent PV cell output current and voltage. Rg and Ry, are the PV cell series and shunt resistance
respectively. Iy, is the PV cell photo current, I, is the diode saturation current, A is the diode quality factor (=1.2),
K is Boltzmann’s constant (1.38 x 10723 J/K) and T is the PV cell temperature in kelvins.

By using Eq. (1), the 3 kW PV panel system is modelled in MATLAB. As known by researches about PV cells and
panels, solar irradiance and temperature affect PV panel operating point and electrical characteristics. In this
context, the voltage — current and voltage — power characteristic curves are plotted for different solar irradiance and
temperature values to show electrical changes.

Variation of solar irradiance affects PV panel power directly that PV power increases if solar irradiance increases.
Figure 2 shows PV electrical characteristics curves for different solar irradiance levels (0-250-500-750-1000

W/m?) at a constant temperature (25°C). The maximum power occurs at around 80% of the open circuit voltage of
PV panel.
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Figure 2. Current, voltage and power curves of PV panel under constant temperature and different solar irradiance
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Variation of ambient temperature also affects PV panel power inversely that PV power increases if ambient
temperature decreases. Figure 3 shows PV electrical characteristics curves for different ambient temperature levels
(0°C, 25°C, 50°C, 75°C and 100°C) at a constant solar irradiance (1000 W/m?). Unlike previous case, the
maximum available power of the PV panel can be at different voltage level in different temperature.
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Figure 3. Current, voltage and power curves of PV panel under constant solar irradiance and different temperature
3. Maximum Power Point Tracking Methods for PV Panels

Current (A)

Power (W)
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PV cells and panels generate different power depended on different environment condition and electrical load.
Because of that, generation of maximum power is not guaranteed at all electrical loads [6]. Figure 4 illustrates
maximum power point where PV panels operates maximum efficiency for a specific solar irradiance and
temperature values. As shown in Figure 4, there is only one electrical load point which corresponds to the MPP for
uniform environment condition. To utilize the PV panels on MPP, there are many MPPT algorithms have been
developed and implemented by the researchers in the literature [10-11].

G =1kW /m* ,T =25°C
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Figure 4.V — 1 and P — V curves for electrical load value of maximum power

To accomplish MPPT for 3kW PV system, two different MPPT methods are presented and compared in this study.
The first method is P&O method which operates by periodically incrementing and decrementing the output voltage

of the PV panel and compares output power of PV panel. The second method is fuzzy logic control (FLC) based
MPPT method to determine MPP point.
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3.1. Perturb & Observe (P&0O) MPPT Method

One of the most and popular techniques of MPPT is the P&O technique. The main concept of this method is to
push the system to operate at the direction which the output power obtained from the PV system increases [5].
Basically, this method measures the derivative of PV panel power (dP) and derivative of PV panel voltage (dV)
and uses PV power-voltage curve to determine the movement of the operating point. If the sign of (dP/dV) is
positive, the actual point is in the left side of the MPP; else (dP/dV) is negative, the actual point is in the right side
of the MPP. And this process continues until (dP/dV) equals to zero. The implementation of the P&O algorithm is
shown in Figure 5.
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Figure 5. P&O maximum power point algorithm

This method works well in the steady state condition (solar irradiance and temperature changes slowly). However,
the P&O method fails to track MPP when the environment condition is rapidly changed [5].

3.2. Fuzzy Logic Control (FLC) MPPT Method

Fuzzy logic control (FLC) based MPPT is one of the most used method to perform MPPT for any PV system in
any environment condition. FLCs gain several advantages of better performance, robust and simple design. In
addition, this method does not require the knowledge of the exact model of system [5]. The main parts of FLCs are
examined in four parts, which are fuzzification, fuzzy rule-base, fuzzy inference engine and defuzzification. A
general FLC control scheme is shown in Figure 6.

In the proposed FLC system, the input of FLC is sum of angle conductance (6, = tan_l(dlp,, /dVy,,)) and angle of
increment of conductance (6, = tan™* (I,,/V,,)). The input variables are described in Eq. (2) and the MPPT
determination condition was illustrated in Figure 7.

— tan-1 (Yer —1(fw) _ o
6, + 6, = tan (dvp,) + tan (va) =0 2

As seen in Figure 7, sum of the angles of PV panel conductance and increment of conductance equals to zero
around MPPT point. Therefore, the membership function of the input and the rule base set of the FLC MPPT must
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be identified according to that condition for fuzzy inference system. In this context, the input variable of sum of
angles (6, + 6;) is assigned to several linguistic variables which are denoted by NB (Negative Big), NS (Negative
Small), ZE (Zero), PS (Positive Small) and PB (Positive Big). The membership functions for the input and output
are illustrated in Figure 8 and the corresponding fuzzy rule set is shown in Figure 9.

Output Membership Function

e

L]

Input Membershlp Function

Input Fuzzy Defuzzifier
—_— Infert.ence — | (Center of |— Qutput
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Figure 6. Block diagram of the proposed FLC-based MPPT system

3000 MPP 200

2000 / 100
o g
g a
g o
z 2
o <

T ——
1000 0
0 -100
0 50 100 150 200 250

PV Voltage (V)

Figure 7. PV power — voltage and angle MPPT diagram for the proposed FLC-based MPPT system
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Figure 8. Membership functions for the FLC based MPPT (a) Membership function for input (8, + 6,) (b) Membership
function for output (AV,,,))
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Figure 9. Fuzzy rules and PV power — voltage and angle MPPT diagram for the proposed FLC-based MPPT system

The defuzzification method used in this study is center of gravity method, which is one of the commonly used
method in the literature shown in Eq. (3):

Y ViX)x X;
Ycog = “o—7— (3)

Z?=1 Yi(Xi)
where Y; is the inference result of rule i; X; is the corresponding output value of rule i; and Yo¢ is the output
value of defuzzification process.
4. Simulation Results of MPPTs and Discussion

This study compares tracking performance and accuracy between P&O method and FLC method using MATLAB.
The performances of P&O method for 0.5V and 3.5V derivation parameters and FLC control method are shown in
Figure 10. The simulations have been investigated under standard test conditions (1000 W/m? - 25°C).
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Figure 10. PV power curves under standard test condition (a) P&O and FLC MPPT method response (b) P&O and FLC
MPPT oscillations

As shown in Figure 10, P&O (3.5V) MPPT has the best response iteration rate but the worst accuracy performance
because of more oscillations. The P&O (3.5V) method is 6.88 times iteration faster than 0.5V P&O and 5.4
iteration times faster than FLC method. Nevertheless, its accuracy performance is almost 99.86% and worse than
P&O (0.5V) and FLC MPPT method. The overall simulation results for response iteration rate, tracking accuracy
performance are presented in Table 1.

Table 1. Comparison results for P&O and FLC MPPT

Iteration MPP Power Tracking

MPPT Number (W) Accuracy
P&O (3.5V) 50 2995.85 999.86
P&O (0.5V) 344 2999.65 999.98

FLC 270 2999.7 9699.99

To highlight the FLC MPPT method performance, the following simulation results are shown in Figure 11 for
different solar irradiance values (1000 — 800 — 600 — 400 W/m?) at fixed temperature of 25°C. The P&O (0.5V)
algorithm has better MPPT accuracy than P&O (3.5V) MPPT but slower response rate than FLC and P&O (3.5V)
MPPT methods. Also, oscillations remain around MPP. The FLC method has better response time than P&O
(0.5V), and best MPPT accuracy performance (99.99%). In addition, oscillations do not occur around MPP. Hence,
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the FLC MPPT method has increased 0.13% the tracking accuracy — performance compared to P&O MPPT
method.

FLC- P&0 MPPT Analysis

T 21 T T T ‘
: lkw/m‘i : FLC MPPT
3000 - e [ ———P&0 (0.5/)MPPT [|
: | . ——P&O (3.5V)MPPT
i i i b i i i 3
S O NS WO SO O8kwlm A AR — B
' ! O : . : ! ' !
|3 S S S— S— S S — — S S— -
5 | 5 | 5 0.6kw/m’ |
; s ; s ; O : ; ‘
1500 fh4- -- - RSN SN SN S| YT L Y U S S TR I —
| \ | 1] H i H H i H 2
HHA -t H H H | : -\041&:“3/”?
| |I I| I| | | I ! : C/
| (. || . H = T | l_________________E_______ o |
Rt 1 1 CAACL A RA A AR ‘ i
500 I A A A i i i 1 i | ‘/‘ A i [ |
0 i i i i i i : :
o 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000

Figure 11. PV power curves under standard test condition (a) P&O and FLC MPPT method response (b) P&O and FLC
MPPT oscillations

For practical application, the FLC method must be selected for its higher performance and acceptable response rate
compared to P&O method. The FLC method has better tracking efficiency and less oscillation at each step.

5. Conclusions

Photovoltaic power is one of the cleanest and abundant energy type in environment. It is practically free and
inexhaustible in the world. According to the researches and applications, it is likely to be an alternative main
source of power in the future. The power generation from PV systems depends on atmospheric changes like solar
irradiance and temperature. Because of that fact, MPPT methods play important role to operate PV system at
maximum efficiency for all environment condition. This paper presents electrical characteristics of 3kW PV
system and general comparison of FLC based and P&0O MPPT methods. Both MPPT methods are investigated and
realized in MATLAB environment. The tracking accuracy and performance efficiency are compared in detail by
simulation results in MATLAB. Based on the simulation results, it can be concluded that with both MPPT methods
PV system can generate maximum power for actual environment condition. However, the tracking accuracy and
performance of FLC MPPT is better and more convenient than P&O MPPTs for PV system. FLC MPPT has no
oscillations around MPP region and more stable output power than conventional MPPTSs.
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Abstract

Twenty-four tons of medical waste is combusted every day in Istanbul. The plant is operated by ISTAC AS and
combustor type is rotary kiln. The air was being fed manually along with the waste being introduced to the kiln.
This case caused some problems regarding the combustion efficiency. The administration staff decided to open
holes to supply air to the combustor. In this study, CFD was utilized in order to determine the optimum places for
air inlets. Flow geometry of the air was prepared and then meshed for calculations. k-¢ turbulence model was
utilized in the calculations. Four air inlet pipes were placed on the edges of the circular inlet area. Different
locations were tested. When the air was fed from the top, waste could not completely contact with the air.
Additionally, different inlet angles were tested from zero degrees to thirty degrees. The degree of the inlet did not
distinguishably change the combustion characteristics inside the kiln. Piping holes were burrowed from the bottom
at zero degree angle.

Keywords: Incineration; rotary kiln; CFD; medical waste

1. Introduction

Medical waste is produced firstly from medical treatment and secondly from medical research [1]. The generated
medical waste amount was reported as 50 600 kg per day in Istanbul in 2010 [2]. The amount of waste per bed in
one day is 2.35 kg. Infectious waste is a large portion of the medical wastes and handling of this waste type should
be very sensitive due to its pathogenic ingredient [3].

There are several methods in order to dispose medical waste. Incineration and sterilization are the most preferred
methods worldwide. The first plant installed was the incineration process in Istanbul, which has 24 tons per day
waste capacity [4]. The plant was started accepted taking wastes in 1995. Later, sterilization plant was constructed
in addition to incineration system. Sterilization plant has an operating capacity of 110 tons per day [5]. It is
expected that this system is going to be able to accept medical wastes of Istanbul in a 30 year time.

Incineration is the ultimate point of the elimination of the pathologic wastes. The Kiln is operated at 900°C for 2
hours. This serves a volume reduction of 75 to 95 percent of the total waste volume [3].

Heat distribution is a critical part of the incineration operation. There are several studies on the evaluation of the
heat distribution in a furnace [6-8]. This study was conducted in order to i) investigate the current state of a
medical waste rotary kiln that is being operated, ii) investigate the effect of auxiliary air supply on waste
combustion, and iii) place the auxiliary air pipes to the kiln.

2. Materials and Method

Ansys Fluent v15 was used in this study for the computation of the fluid dynamic [9]. Calculations of this study
were executed in five steps. At first, the geometry of the flow volume was regenerated in AutoCad and converted
to “iges” file which can further be applied in the DesignModeller of Ansys. In the second step, the generated
volume was meshed. The calculations were executed at each generated mesh. In the third step, model parameters
were defined. The defined parameters are given in Table 1.
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Table 1. Fluent model configurations

Parameter Value
Mesh Quality
Mesh Elements 206830
Mesh Size Method Proximity and Curvature

Minimum Mesh Size
Minimum Orthogonal Quality
Maximum Aspect Ratio

Turbulent Model
Reynold Stress
Near-Wal Treatment

Operating Conditions
Operating Temperature
Operating Pressure

Solution Methods
Formulation
Flux Type

Spetial Discretization Method
Grandient
Flow

Boundary Conditions
Rotationary Wall Speed
Roughness Height
Mass Flow Inlet Flow Rate

1.25600 e-03 m
2.01889 e-01
2.33404 e+02

Linear Pressure-Strain
Standart Wall Fuctions

1000 °C
101325 Pa

Implicit
Reo-FDS

Least Squares Cell Based
Second Order Upwind

0.3 rad/sec
0.001 m
2 kglsec

In the fourth and fifth step, solution results were acquired and their results were shown on figures.

2.1. Geometry Design
Inner section of the rotary kiln, where air flow is occurred, is generated as a 3D plot in AutoCad. The flow field is
given in Figure 1.

3.000(m) i\

0.000 1.500

0.750 2,250

Figure 1. Modelling volume

Figure 1 was drawn by the actual kiln parameters. The length of the kiln is 7.5 m. Inner diameter, between the
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refractory material, is 2.70 m. The thickness of the refractory material is 20 cm. The rotary kiln has an incline of 3°.
In the previous design of the kiln, there was no inlet for auxiliary air feed. The air introduced along with the waste
being fed to the kiln. When the feeding door is closed, contact with the air from the upstream of the kiln was
stopped. This causes some inefficiencies such as high unburned content of the waste in the ash and high CO
amount in the flue gas. For that reason, it was decided to include four pipes to the inlet wall of the kiln. The
diameter of these pipes was 75 mm. The position of those pipes was approximately decided by the result of the
CFD model. The actual system now being operated in the plant is the one shown in Figure 1.

2.2. Theory/calculation
Some assumptions are present in order to solve the numerical problem. These are the conservation of mass and
momentum. These two equations were taken from Yaghmaelian et al. [10]. The mass conservation is given in Eq 1.

d(pw); _ 0 (1)

axi
The conservation of momentum is given in eq 2.

dpuinj _ 0P | 0 ous %>_Z CLTS
6xj - 6xl- + axj 'ueff <6xj axi 3'ueff axk + ng (2)

The effective viscosity is calculated as follows (3):
Mepr = M+ 1t (3)

where, y; is the absolute viscosity of the laminar flow, whereas y; is the absolute viscosity of the turbulent flow. u;
is calculated according to Eq(4).

k2
Uy = pCM s (4)

The solution was executed by Reynolds stress turbulent model. For this turbulent model, C, is 0.09. The Reynolds
stress from k and ¢ can then calculated as follows (5):

7 ou;  ou;j 2 2
—pully = fe (a_:] + —]) —5Pkdi; = 2uE;j — < pk;; (®)

E)xi
6U=1lfl=]and6u=0lfl¢]
Above equations from 1 to 5, were given in one dimension. In the actual processing of the model these were
executed in three-dimensions.

3. Results

The study was conducted in two steps. In the first one, the positioning of the inlet pipes was determined. In the
second one, inlet pipes were placed at different angles. Effect of different inlet angles was investigated.

3.1. Positioning of the inlet pipe holes

In this section, optimum height of the inlet air that is introducing to the kiln is decided. Four holes were located at
the top first and at the bottom next. The model was executed for both of these different geometries. Results of these
two studies are shown in Figure 2.
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Figure 2. (a) Auxiliary air inlet from below (b) Auxiliary air inlet from top

These results suggest that, if the air is fed from the top of the kiln, air would not contact with the waste
homogenously. It is obvious that due to temperature different of the waste and the air being fed leads to a
temperature layering. Air is being mixed after traveling some distance within the kiln. This may cause to oxygen-
lean burn in some parts of the furnace. Thus, elevated carbon fraction in the ash and CO in the flue gas can be
measured. In the previous configuration of the kiln, the air was being fed from between the center and top of the
kiln. In this case, revision is mandatory for this system, in order to increase the combustion efficiency and to lower
pollutant emissions.

When air is fed from the bottom, it is can contact with the waste, where it did not have possibility in the other
configuration. Additionally, air is gradually being heated with the waste as can be seen from Figure 2. So that,
layering does not occur. Further calculations at different angles were studied from the bottom-feeding
configuration.

3.2. Effect of inlet angle

Different angles from 0° to 30° were studies at five different stages, which were 0°, 5 °, 10 °, 15 °, and 30°,
respectively. The aim of this was to determine whether the inlet angle has a significant effect on the temperature
distribution or not. Volume rendering results are shown in Figure 3.




i)

Figure 3. Temperature distribution at different inlet angles

According to the plots in Figure 3, any significant visual variation was not achieved. Apart from 0° angle, the inlet
with 15° and 30° seems to have a better temperature distribution. However, in the inlet with 30° contact with the
waste is lesser in the downstream of the kiln. Inlet with 15° is somewhat more preferable than inlet with 30°. Inlet
with 0° and 15° were compared in Figure 4.

Figure 4. Comparison of inlet angles of 0° and 15°

Figure 4 shows the temperature distribution on a planar surface which is vertically placed in the kiln. The
temperature difference at the waste contact level is not significant. Thus, considering this insignificancy and ease
of engineering application for hole opening, 0 ° angle was selected for the inlet angle. That means auxiliary air
pipes are parallel to the surface of the kiln.

4. Discussion

In the previous configuration of the kiln, there was no auxiliary air feed channel. This study helped us to find the
accurate places for more efficient combustion. It is decided to open holes for auxiliary air pipes at the bottom of the
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kiln. Thus, the air had opportunity to contact with the waste at any part of the kiln.

Secondly, different geometries with varying inlet hole angles were prepared. It was decided that there was not a
significant difference between different configurations. So the inlet pipes were placed parallel to the kiln.

The plant is now being operated with the proposed configuration suggested in this study.
5. Conclusions

Air feed from the middle or the top of the kiln is not appropriate for the operational purpose. Temperature layering
occurs between the air and the waste. This prevents the complete combustion in the upstream of the kiln. The best
place for air feed was the bottom of the inlet wall, which is perpendicular to the kiln. Furthermore, the variations in
the inlet angles didn’t make significant changes. Pipes were placed parallel to the kiln.
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Abstract

Suitability classification of the land uses particularly involves the lands’ qualification based on their ecological
characteristics. Hence, ecological land use serves the sustainable planning objectives which ultimately constitute the
fundamentals of environmental landscape planning. Among the diverse land uses, suitable agricultural areas occupy
a significant interest not only because of their scarcity but also because of their environmental vulnerability. For this
purpose, in this study, the land use suitability classification was performed for the actual agricultural areas within the
Bartin stream watershed. The mesoscale watershed that covers approximately 1943 km® is located at the Western
Black Sea Region of Turkey. The watershed is mountainous with the average slope of 15° and with the altitudes
ranging between 20 m and 1735 m asl. The actual agricultural areas cover almost 37% of the watershed and
particularly located within the lower altitudinal gradients of the watershed. Based on the slope degree and soil depth
parameters, land use suitability classification was conducted for the agricultural areas. Between the slope degrees of
0° and 25°, five categories of slope degree ranges each of which was 5°, were determined. On the other hand, the soil
depth parameter was divided into two categories;, “moderate deep and deep (50> c¢m)” and “too shallow and
shallow (50< cm)”. Merging the digital map values of these two parameters using the GIS (Geographical
Information Systems), yielded the 10 classes of land suitability for the agricultural areas. These 10 classes of land
suitability for agricultural areas were displayed on the ultimate digitized map. According to the results of this study,
only 25% of the agricultural areas were within the first three land suitability classes. However, almost 32% of the
agricultural areas were within the last three land suitability classes. Furthermore, these problematic agricultural
areas are particularly located at the higher altitudinal gradients within the watershed. These results indicated the
significant misuse of the agricultural areas within the watershed. Consequently, re-arrangement of the land use plans
and programs should be proposed in order to achieve the sustainable use of the agricultural areas within the
watershed. This re-arrangement and re-handling will serve the objectives of landscape planning compatible with the
environmental ethics and morality.

Keywords: Environmental land use; suitability classification; agricultural areas; landscape ecology and planning;
Bartin stream watershed.

with their natural and ecological characteristics [1].

1. Introduction Otherwise, the misuse of lands incompatible with their

The use of lands deals with many aspects of natural
science including  particularly  the  ecological,
hydrological and environmental issues [1]. Hence, the
land use is associated with various earth and atmosphere
processes involving water [2, 3] and biogeochemical
cycles [4], nutrient dynamics [5], soil erosion [6] and
land degradation [7], biodiversity [8] and habitat
fragmentation [9]. Because of their significant roles on
the environment, the land uses must be in accordance

creation will gradually lead to the degradation of these
lands [10]. Frequently, agricultural areas constitute the
major land uses together with the forests and settlements
[11]. Therefore, they play fundamental role on the
environmental processes and dynamics, influencing and
being influenced by the overall landscape ecology [12].
In particular, during the recent decades, agricultural areas
not only face abandonment but also be exposed to the
urbanization and urban sprawl threats. The situation is
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also valid for the Western Black Sea Region (such as
other regions) of Turkey which loses its’ farmer
population of the villages to the city centers and
metropolitans [13]. Furthermore, the region suffers the
conversion of agricultural lands to the forests due to the
land  abandonment [3] and experiences the
transformation of agricultural lands to the poplar
cultivation [14] and settlements due to the agricultural
labor loss. Accordingly, the remaining dwellers of the
villages are forced to practice cultivation at some places
unsuitable for the agriculture [15].

In order to achieve and sustain comprehensive land use
planning, land use suitability classification should
especially be applied for the sensitive and vulnerable
areas including such as the agricultural lands [16, 17].
Thus, ecological health of the agricultural land will be
maintained and a control mechanism for the
environment will be supplied. Bartin stream watershed
at the Western Black Sea Region of Turkey have
encountered the forest spread into the agricultural areas
due to the land abandonment at the last few decades in
the region [3]. Besides, some of the villagers have
converted their agricultural areas close to the town and
city centers to the settlements due to finding real estate
more lucrative and due to the agricultural labor
deficiency. Moreover, agriculture was performed
compulsorily in some relatively steep and shallow areas
due to the lack of suitable areas around some villages.
Consequently, in this study, land use suitability
classification was conducted for the actual agricultural
areas of the Bartin stream watershed based particularly
on the topography and soil physical characteristics.
Thereby, the consistencies and inconsistencies within
the usage of the actual agricultural lands were tried to
be revealed.

2. Material and Method
2.1. Study area

The mesoscale watershed covers approximately 1943
km? at the Western Black Sea Region of Turkey [18]
(Fig. 1). The watershed is located within the 41°17' and
41°45' northern latitudes and 32°13' and 32°60" eastern
longitudes (Fig. 1). The altitude of the watershed ranges
between 20 and 1735 m asl. [19] whereas the mean
altitude is 517 m asl. (Figure 1). Almost 2/3 of the
watershed is within the first 600 m asl. altitudinal
gradients. About 71% of the rest of the watershed has
the altitudinal gradients between 600 m asl. and 900 m
asl. The average slope of the watershed is 15°. Almost
10% of the watershed constitutes relatively the plain
areas with the average slope of 5°. These plain areas are
particularly concentrated at the lowest altitudes of the
watershed. There is no definite dominant aspect within
the watershed. In other words, the exposure of the
watershed is directed evenly towards all aspects.

The major land uses are the forests, agricultural areas
and the settlements respectively. Forests cover almost
58% of the watershed [20]. Approximately 14% of
these forests are handicapped [20]. On the other hand,
agricultural areas constitute about 37% of the watershed
[21, 20].
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Figure 1. Altitudinal gradients of Bartin stream
watershed at Western Black Sea Region of Turkey.

Urban settlements spread especially at the lower
altitudes covering about 2% of the watershed. However,
rural settlements exist at the 2% of the watershed in the
form of scattered villages. The arable lands that belong
to the land capability classes of I, 1I, and Il intensively
occur at the lower parts of the watershed and at the
riparian zones of the stream and tributary channels [21].
These areas that belong to the first three land capability
classes cover only 10% of the watershed. However, the
rest of the lands that belong to the capability classes up
to VIII, and that are able to be used for forest, pasture
and recreation are particularly located at the higher and
mountainous parts of the watershed. Furthermore, more
than half of the watershed belong to the land capability
class of VII. Brown forest soils and grey-brown
podsolic soils [21] have formed on sandstone-mudstone
formation in particular [22]. These two soil groups
cover approximately 80% of the watershed [21]. The
remaining lands are covered by red-yellow podsolic
soils, alluvial and colluvial soils respectively [21].
More than half of the watershed has the shallow soils
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with the depth ranging between 20 cm and 50 cm.
Limestones and vulcanite-sedimentary rocks are the
second and third major geological formations after the
sandstone-mudstone formation within the watershed
[22].

According to the 30 years (between 1982 and 2011) of
meteorological data based on the measurements of
meteorological station in the city center of Bartin
Province, the average annual total precipitation is 1033
mm whereas the average annual temperature is 12.6°C
[23]. The region drops into the humid mesothermal
climate regime [24]. Nominately, October is the wettest
month with the 123 mm mean monthly total
precipitation. May is the driest month with the 49 mm
mean monthly total precipitation [23]. The warmest
month is July with the mean monthly temperature of
22.2°C. On the other hand, the coldest month is January
with the mean monthly temperature of 4.1°C [23].
Dependent upon the blowing durations, the dominant
winds are from western-northwestern and north-
northeastern directions where Black Sea is located [23].

2.2. Method

The slope degree and soil depth parameters were
referred for the land use suitability analysis of the
actual agricultural areas in Bartin stream watershed
(Table 1). Although the slope degree extends up to
values higher than 30° within the watershed, the areas
steeper than 25° were not included into the land use
suitability classification. Because, the agricultural areas
do not exist at these steeper areas. Initially, the slope
degrees between 0° and 25° were categorized into 5°
ranges (Fig. 2). The areas with 0° to 5° slope were
assumed as relatively plane (Table 1). In some places
particularly close to the stream and tributary channels,
the depth of the soil reaches down to the levels lower
than -90 cm (Fig. 3). The soil depth was grouped under
“impervious (0 cm)”, “too shallow (0-20 cm)”,
“shallow (20-50 cm)”, “moderate deep (50-90 cm)”
and deep (90+ cm)” (Fig. 3). In order to simply
incorporate this soil depth parameter into the suitability
classification, the “shallow” and “too shallow” soils
were categorized together as soils below 50 cm depth
whereas “moderate deep” and “deep” soils were
categorized together as soils above 50 cm (Table 1).

Table 1. Based on slope degree ranges and soil depth,

land use suitability classification for actual
agricultural areas.
s;ﬁzzs Soil Depth Categories SCulgst')s
0-5° 50> cm Moderate and Deep 1
0-5° 50<cm  Shallow and Too Shallow 2
5-10° | 50> cm Moderate and Deep 3
5-10° | 50<cm  Shallow and Too Shallow 4
10-15° | 50>cm Moderate and Deep 5

10-15° | 50<cm  Shallow and Too Shallow 6
15-20° | 50>cm Moderate and Deep 7
15-20° | 50<cm  Shallow and Too Shallow 8
20-25° | 50> cm Moderate and Deep 9
20-25° | 50<cm  Shallow and Too Shallow 10

Figure 2. Slope degree ranges within Bartin stream
watershed.

Soil Depth Groups
[0

12

) (]Kilomelers

Figure 3. Soil depth groups within Bartin stream
watershed.

Accordingly, the first two suitability classes represent
the relatively plane (0-5° slope) actual agricultural areas
with soils above and below 50 cm depths respectively
(Table 1). The third and fourth classes represent areas of
5-10° slope and with soils above and below 50 cm
respectively (Table 1). The fifth and sixth classes
represent areas of 10-15° slope and with soils above and
below 50 cm respectively (Table 1). The seventh and
eighth classes represent areas of 15-20° slope and with
soils above and below 50 cm respectively (Table 1). The
ninth and tenth classes represent areas of 20-25° slope
and with soils above and below 50 cm respectively
(Table 1). Ultimately, the distribution of the ten land use
suitability classes for the actual agricultural areas were
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plotted on the Bartin stream watershed map (Fig. 4)
which was generated by merging these definite slope

degree ranges and soil depth categories via GIS.

Table 2. According to altitudinal gradients, distribution of land use suitability classes for actual agricultural

areas.
Altitudinal Land Use Suitability Classes for Actual Agricultural Areas (%)
Gradient 3 4 5 6 7 8 9 10

(masl.)

20-100 814 274 388 3.17 086 0.15 0.17 0.04 0.05
100-200 0.78 0.88 2.27 280 127 273 040 127 012 047
200-300 082 053 106 153 1.07 254 051 248 014 1.28
300-400 047 038 061 124 0.92 267 070 321 021 1.88
400-500 033 028 041 118 0.82 295 1.06 361 0.33 2.08
500-600 014 019 027 088 0.64 277 084 323 0.28 219
600-700 002 018 0.06 056 0.38 207 052 197 018 1.79
700-800 001 008 006 031 031 122 032 119 015 134
800-900 001 017 003 044 016 092 019 063 0.08 0.75
900-1000 0.02 010 009 023 016 041 0.08 030 004 043

1000-1100 0.02 0.04 0.06 0.09 0.04 0.07 003 007 0.01 034
1100-1200 0.001 0.001 0.006 0.008 0.016 0.19
1200-1300 0.001 0.007 0.009 0.011 0.06
1300-1400 0.002 0.002 0.01

Total 10.8 5.6 8.8 12.4 5.8 19.2 4.8 18.2 16 129

Agricultural
Suitability
Classes
1
2
3
I 4
B 5
I ¢
7
8
B 0
Il 10

l 6Kilomctcrs

Figure 4. Land use suitability classes for actual agricultural areas within Bartin stream watershed.

3. Results

After delineating the map of land use suitability classes
for the actual agricultural areas, the distribution of these
classes based on altitudinal gradients was calculated.
Almost 11% of the watershed belong to the suitability
class of “1”. (Table 2). The cultivated areas are about
half of the “1” class for the “2” class agricultural areas
which have the similar slope and soil characteristics

except the shallower soil depth (Table 2). These “1 and
2” classes of agricultural areas are concentrated
intensively on the plains at the lower altitudes of the
watershed (Fig. 4). These plains have productive and
deep alluvium soils. The “3” class agricultural areas
where the average slopes are 5° higher than that of the
former two classes, constitute almost only 9% of the total
actual agricultural areas. These “3” class agricultural
areas especially extend to 300 m asl. (Fig. 4). The
shallower “4” class agricultural areas constitute eighth of
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the total actual agricultural areas and reach to 500 m asl.
in the watershed (Table 2 and Fig. 4).

The “5” class agricultural areas where the average slopes
are about 12.5°, constitute almost only 6% of the total
actual agricultural areas. The shallower “6” class
agricultural areas cover the highest portion of the total
actual agricultural areas with about 19% (Table 2).
Hence, they reach up to 800 m asl. (Fig. 4). The “7” class
agricultural areas where the average slopes are about
17.5°, constitute almost only 5% of the total actual
agricultural areas. The shallower “8” class agricultural
areas cover the second highest portion of the total actual
agricultural areas with about 18% (Table 2). Together
with “6 and 10” class agricultural areas, they climb up to
800 m asl. (Fig. 4). The “9” class agricultural areas
where the average slopes are about 22.5°, constitute the
lowest portion of the total actual agricultural areas with
almost only 2%. The shallower “10” class agricultural
areas cover the third highest portion of the total actual
agricultural areas with almost 13% (Table 2).

4. Discussion

According to the results of the land use classification for
the actual agricultural areas in the Bartin stream
watershed, the lands with slope degrees lower than 10°
cover almost only 38% (Table 2 and Fig. 4). Yet these
lands belong to the first four suitability classes which are
relatively more suitable for agriculture compared to the
subsequent six classes. The lands of the subsequent six
classes that have slope degrees higher than 10°,
constitute about 62% of the total actual agricultural areas
(Table 2 and Fig. 4). The soils of these relatively steep
lands; particularly the shallower ones are susceptible to
erosion and degradation. Also taming these soils are
more difficult compared to the ones at the plains. Bakker
et al. [25] emphasized that the increasing slope degree
had triggered soil erosion which then had led to decrease
in soil depth and consequently to land abandonment.

Moreover, these last six classes of agricultural lands that
belong to the suitability classes from “5 to 10” are
mostly widespread at the higher altitudes compared to
the previous four classes. Such that they intensely occur
at the altitudes up to 900 m asl. (Table 2 and Fig. 4).
Agricultural cultivation is practiced particularly at the
lowlands with the lower slope degrees rather than
upland. In their study, Gautam et al. [26] indicated that
the agricultural areas at the lowland had been more
susceptible to settlement expansion whereas upland
agriculture had been susceptible to forest vegetation
invasion. The agricultural areas that belong to the last
two land suitability classes (9 and 10) have steep slopes
higher than 20° which severely threaten the stability of
the soil. These lands constitute considerable portion of
the total actual agricultural areas with 14% most of
which has “shallow” and “too shallow” soils.

Despite agriculture was practiced at the problematic
lands at the higher altitudinal gradients with high slope
degrees and shallow depths, the lands at the lower
altitudinal gradients with relatively plain, productive
and deep soils are sealed by settlements. Furthermore,
these soils sealed by buildings pertain to the first three
land capability classes. According to Oztiirk et al. [27],
about 37% of all the housing in the watershed have
been settled on these productive and deep soils
pertaining to 1., 11., and I11. land capability classes.

5. Conclusion

Even though the referred slope degree and soil depth
parameters significantly serve the construction of land
use suitability classification for the actual agricultural
areas, more advanced classification supported by
multiple other components will be essential for the

watershed. These components should involve
geological, topographical, hydrological, ecological,
meteorological, environmental and management

parameters [28]. In consequence of the integrated
analysis of these parameters, a comprehensive land use
suitability classification will build up fundamentals in
order to achieve sustainable landscape planning.

Due to the settlements constructed on the productive
and deep alluvial soils particularly at the lower
altitudinal gradients of the watershed, the agricultural
areas lost a potential to expand on. Beyond that, current
development and sprawl of the town and city centers
over the actual productive soils, pose considerable
threat and handicap for the sustainable agriculture.
Besides, such that urban sprawl may trigger possible
silent climate change which directly or indirectly would
threaten agricultural biodiversity. Alteration in the
agricultural crop ranges may lead to leave the existing
cultivated area which ultimately put pressure on other
natural and reserved areas [29].

Because of the more frequent human intervene,
agricultural areas are very sensitive and vulnerable
landscapes prone to the anthropogenic disturbances
rather than forests and natural reserves. Therefore, they
require exclusive attention and protection against
external constraints. For this purpose, an environmental
land use model that is established on ecological basis
and that inquire spatial and temporal dynamics can
project and serve for the respond to the unplanned
urbanization, flood disaster and climate change impacts
on the agricultural areas of the Bartin stream watershed.
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Abstract

Rural projects become an important issue considering the rapid increase of population in Turkey. Alongside the contribution to
the national economy, dams serve as an environmental structure, which are utilized in flood prevention, sustainable energy,
fighting with forest fire and recreation. However, dam construction must be well planned and projected to minimize the
unexpected events such as water leakage. This study comprise the geotechnical studies and the design of the planned grout
curtain in Orhanlar Dam (Kitahya/Pazarlar). In this context, field and laboratory studies was realized in Orhanlar Dam axis and
reservoir area. Within the scope of field studies, engineering geology map was generated, a suitable axis location was specified
for the dam and drilling and in-situ testing was realized. Within the field studies, the joint conditions of the geological units under
the dam axis and its effect on permeability was observed. For the geotechnical purposes drilling works performed during the
planning stage, 5 boreholes total 166 m was realized on dam axis, 1 borehole total 10 m was realized on cofferdam, 1 borehole
total 10 m was realized on diversion tunnel and 1 borehole total 10 m was realized on spillway. To determine the permeability
profile on dam axis and design the grout curtain, Lugeon tests in Dagardi ophioloitic melange units observed in dam axis, falling
head permeability tests in alluviums observed in thalveg and slope debris observed in right abutment were performed. As a result
of these studies geotechnical information about the permeability of Orhanlar Dam was collected and the grout curtain hole was
designed.

Keywords: Orhanlar Dam; Lugeon Tests; Falling head permeability tests; Design and optimization of grout curtain

hole

1. Introduction

In the last decade, dams achieved important economic
benefit to the national economy in context of
agricultural irrigation, recreation, potable water supply
and many more. Additionally, environmental benefits
of dams such as recreation, fighting with forest fire,
sustainable energy, flood protection and swamp
draining are not negligible. Due to the difficulty of
finding a suitable dam axis location, residential areas in
upstream are submerged in order to provide irrigation
or water supply of the residential areas, which are
located in downstream. Additionally, in some cases,
dam construction cause destruction of common areas
belong to the village legal entity such as pastures.
These areas must be protected due to its environmental
importance. To overcome this injustice, finding an
optimum axis location that aggrieve nobody is the soil
remedy. However, in Orhanlar Dam, this location is
unsuitable to construct a dam body due to the
permeable ground conditions. Permeable grounds can
be remediated with the use of cement grouting
technique. To achieve this problem engineering
solutions become prominent.

Construction of a grout curtain under the dam body is a

technique, which is used in several dams all around the
world including huge dams such as Ataturk Dam
(Turkey), Keban Dam (Turkey), Al Wehdah Dam
(Jordan), Douera Dam (Algeria), Berke Dam (Turkey)
etc. Many researchers studied on dams and reservoirs
considering many different points of views such as
liquefaction, earthquake impact, landsliding etc.
(Lombardi, 1985; Nonveiller, 1989; Karagiizel and
Kilig, 2000; Aksoy and Ercanoglu, 2006; Aksoy and
Ercanoglu, 2007; Ulusay et al., 2007; Gurocak and
Alemdag, 2012; Tunar et al., 2013; Eryilmaz and
Korkmaz, 2015; Aldemir et al., 2015).

Study area is located in Eagean Region in which the
climate has a semi-arid continental climate with hot,
dry summers and cold, snowy winters. Water supply to
590 ha of agricultural area, fire fighting in case of a
forest fire and recreation are the construction benefit of
Orhanlar Dam. The dam and reservoir area is identified
in 1/25000 scaled Kitahya K22-al topographic map
prepared by National Mapping Agency of Turkey.
Transport to the dam axis from Kitahya city is accessed
by 131.5 km of asphalt and 3.5 km of dusty road (fig.1).
In case of excessive rainfall transport to the dam axis
location can be failed. For this reason a new access road
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to the dam axis must be projected for the construction
stage.
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Figure 1. Location map of study area

The aim of this study is briefly, determination of the
hydraulic conductivity characteristics of Orhanlar Dam
axis location and designing grout curtain hole. In this
context, optimization of grout curtain hole depths and
water income to the excavation pits are specified. Grout
curtain hole depth is calculated considering the
empirical formula proposed by Sekercioglu (2007).
However the ultimate grout curtain hole depth is
designed based on the engineering judgement by taking
into consideration the hydraulic head on the rock
medium.

Within this framework, desk studies, field studies and
laboratory studies have been performed. Within the
desk studies, literature survey is reviewed. Geological
mapping, drilling and in situ testing is realized under
field studies. Laboratory studies are realized on the
samples obtained from drilling operation. 1/1000 scaled
engineering geology map of axis location is shown on
figure 2.

2. Engineering Geology of Study Area

Orhanlar dam body is planned as clay cored rock-fill
dam. Height from thalweg of dam is 29.70 m and
height from foundation is 33.20 m. Crest length of dam
is 244 m. Minimum water elevation of reservoir area is

5 borehole (total 200 m of depth) is drilled along the
dam axis in context of field works. Lugeon (1933) tests
were performed in these boreholes in order to
determine hydraulic conductivity characteristics of
geological units under different hydraulic heads.
Hydraulic conductivity of soils is identified by the
falling head permeability tests. During the construction
stage soils of the dam foundation will be stripped, for
this reason calculation of groundwater income into the
excavation pit is important.

Geological units in the study area and its surroundings
pertain to Mesozoic and Cenozoic Eras. The rocks
observed are in the range of Cretaceous and Quaternary
(Fig. 2). Nethermost Cretaceous aged Dagardi Melange
(Kdm) is covered up with lower-middle Miocene aged
flysch units (Mc). Quaternary units such as Alluvium
(Qal) and Slope Debris (Qym) draw nigh discordantly
the older units. Geological map of the study area and its
surroundings is shown on figure 2.

2.1. Dagardi Melange (Cretaceous)
The geological unit defined as Dagardi melange spread

on large areas in Aegean Region. This unit is aged as
Cretaceous by many researchers. In the study area
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peridotite type rocks which pertain to Dagardi Melange
are observed. According to Bacak and Uz (2003)
Neogene units overly Dagardi Melange discordantly.
An important leakage problem is not expected
regarding the discontinuity orientations and dam axis
location based on the field observations. Infilling
material of the discontinuities is generally clay and the
mean discontinuity spacing is 3 m. The relation
between Cretaceous aged Dagardi Melange and
Quaternary aged alluviums and slope debris is
represented by the cross section (fig. 3).

2.2 Alluvium (Quaternary)

Quaternary aged alluviums are located along Koyulduk
riverbed (figure 2). This unit is formed as a result of
erosion transportation and deposition processes. It
contains gravel, sand, silt and clay sized material. Mean
granulometric percentage of the alluvium sampled from
the borehole SK-3 is specified as %42 gravel, %62 sand
and %6 fine material (clay and silt) based on the
laboratory test results. The data obtained from the
drilling works shows that the thickness of the alluvium
is changed between 4.50 - 5.00 m.

Figure 2. Engineering geology map of Orhanlar Dam
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Figure 3.Cross section of Orhanlar Dam body axis location
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2.3 Slope Debris (Quaternary)

Quaternary aged slope debris is formed as a result of
transportation process of the weathered bedrock to
piedmont (figure 2). It contains as well as gravel, sand,
silt and clay sized material. Mean granulometric
percentage of the slope debris sampled from the
boreholes SK-4 and SK-2 is determined as %15 block,
%15 gravel, %20 sand and %50 fine material (clay and
silt) based on the laboratory test results. Maximum
thickness of the slope debris is obtained by the drilling
operations as 3.50 m depth.

3. Methodology
3.1. Lugeon tests

Lugeon test is an in-situ test applied in a borehole with
the purpose of hydraulic conductivity determination of
rock masses under different hydraulic heads (Canoglu
and Kurtulus, 2017). This test is applied generally to
test levels varying between 2 — 5 m (Canoglu and
Kurtulus, 2017). Test level length is designate based
upon the physical and structural properties of rock
mass. In a uniform and impermeable rock mass test
level can be applied with 5 — 10 m test zone and in a
permeable rock mass which has variable physical
properties, this test zone can be reduced until 1 m
(Akylz, 2010). Test method proposed by Lugeon
(1933), 1 Lugeon is defined as the water amount
pumped to the 1 meter length of test zone under 10 atm
hydraulic pressure in 1 minute. The pressure applying
to the test zone is also specified by engineering
judgement depending on the physical properties of rock
but general application in Turkey is using 2, 4, 6, 8, 10
kg/cm? of test pressures (Canoglu and Kurtulus, 2017).
Each pressure stage applied to the rock during 10
minutes and the water leakages are recorded each 5
minutes. Then, 9, 7, 5, 3, 1 kg/cm? of test pressures are
applied and water leakages are recorded (Canoglu and
Kurtulus, 2017). Lugeon value is calculated by equation
1.
LU=(Qx10)/(PxL) (equation 1)

In this expression, LU is Lugeon value (It/min/m), Q is
water amount given to the rock formation (It/min), P is
hydraulic head applied to the test zone (kg/cm?) and L
is test length (m). The permeability class corresponding
to the Lugeon values is presented in table 1.

Table 1. Permeability classification based on the
Lugeon values of rock masses

Lugeon Values | Permeability Class
<1 Lugeon Impermeable

1-5 Lugeon Low Permeable
5-25Lugeon |Permeable

>25 Lugeon Highly Permeable

Lugeon test gives important information in dam
projects for the prediction of grout amount injected into
the rock mass. For this reason, Lugeon tests have been
realized in the boreholes drilled on the Orhanlar Dam
axis. Minimum, maximum and mean Lugeon values
obtained from each boreholes are presented in table 2.

Table 2. Minimum, maximum and mean Lugeon
values of each borehole

Lugeon Values (LU)
SK-1 SK-2 SK-3 SK-4 SK-5
Minimum 0.18 025 050 030 0.8
Mean 1.90 121 241 235 130
Maximum 3190 6.05 1194 429 387

3.2 Design and optimization of grout curtain

A number of method is proposed by many researchers
for the calculation of grout curtain depth design
(Bureau of Indian Standard, 1993; Pettersson and
Molin, 1999; Evert, 2003; Sekercioglu, 2007; Schleiss
and Pougatsch, 2011). Results of these calculations are
generally close but, in Turkey the method of
Sekercioglu (2007) get in favour as utilized in this
study. The calculation of the method proposed by
Sekercioglu (2007) is as follow;

ol
2

In this equation, h’ represents grout curtain depth, h is
height of water on the rock formation. In order to be in
safe side, the same grout curtain depth is applied to the
abutments considering the engineering judgement. In
addition, the grout curtain is extended through the
reservoir area for avoiding the potential leakages. The
grout curtain design and the permeability profile of
Orhanlar Dam axis is presented in figure 4.

]h +15 (equation 2)

It is planned to prevent the potential leakages with the
grout curtain shown in figure 4. The grout curtain depth
in left abutment is changing between 28 - 30 m.
Augmentation of hydraulic head trigger the leakages
with the increase of the hydrostatic pressure in rock
medium. As the maximum hydrostatic pressure will be
on thalweg, grout curtain depth is augmented
(approximately 35 m) approaching to thalweg. For the
right abutment, grout curtain depth changes between
25-30 m as well as left abutment.

3.3 Calculation of water income to the excavation pit

Koyulduk River flows during spring season but during
summers and autumns river is dry and groundwater
flows through quaternary aged alluvium. The
groundwater level surveys shows that the phreatic water
is changing between 3 m and 4 m. After cut-off
excavation on dam axis location, water flux will be
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Figure 4. Orhanlar Dam permeability profile and grout curtain borderline

oriented through the excavation pit. According to Darcy
Law the flow rate will depend on the new hydraulic
gradient and the hydraulic conductivity of the
alluviums. The permeability tests (falling head)
performed in the alluviums (borehole SK-3) indicates
that mean hydraulic conductivity is approximately
K=10"cm/s. The water income to the excavation pit can
be estimated by Darcy Law considering the alluviums
are homogenous and isotropic (eq. 2). Figure 5
represents a dam body cross section.

Upstream Cofferdam

Groundwater Level

/

A

H;

éedrof:k

7
P‘

>

Lupstream Ldo\mslream

Figure 5. Orhanlar Dam permeability profile and grout
curtain borderline

Darcy Formula is

Q=AXKXi (equation 2)
In this formula, “Q” is flow rate of water income to the
excavation pit, “K” is hydraulic conductivity of
alluvium, “A” 1is section area of the alluvium
perpendicular to the flow, “i" is hydraulic gradient, “H”
is water height accumulated behind the upstream
cofferdam, “h” is water height in the excavation pit and
“L” is the horizontal distance between “H” and “h”.
Calculation of water income to the excavation pit is
realized based on the following assumptions:

1. Mean alluvium thickness is (based on the geological
cross section) = 5.0 m.

2. Mean static level is =4.0 m.

3. Mean width of the alluvium is = 50.0 m.

4. Hydraulic pressure behind the upstream cofferdam
(H,) is assumed as free static groundwater level

H, = (Alluvium thickness + Formation) — static
groundwater level

H,=7.0-4.0=30m

5. Water amount incoming from rock formation is
neglected.

6. Water amount incoming from the upstream
excavation wall and downstream excavation wall are
assumed as equal.

7. Alluvium is fully saturated under static level.

Considering all these assumptions, water income to the
excavation pit is calculated as follow:

H; = Alluvium thickness (5 m) + Formation (2 m) = 7
m

Water income from the upstream excavation wall is;
fupstream = (7.0 —0.0) / 50 = 0.14

Q = (A XK x iupstream) X2

Q =800m2 x 10 cm/sn x 0.14 x 2

Q=0.224 1t/sn

Water amount incoming from the upstream excavation
wall is calculated as 6.72 It/min. In this circumstance,
the total amount of water flowage to the excavation pit
is calculated as approximately 13.44 It/min. This water
must be drained with suitable pumps.

4, Results and Conclusion

By favour of this study, destruction of arable lands and
environmentally important areas is avoided by finding a
new dam axis location and using grouting techniques
for soil remediation. In addition, injustice between the
villages located in the upstream of the planned dam axis
is averted. In this context, optimization of grout curtain
hole depths and water income to the excavation pits are
specified considering the universal consent techniques
using with engineering judgement. The following
results and conclusions can be drawn from the present
study.

a) The Lugeon test results of the boreholes drilled along
dam axis are evaluated for right abutment, left abutment
and thalweg separately based on the permeability
classification table (table 1).
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b) Lugeon tests of the left abutment performed in the
boreholes SK-1 and SK-2 drilled for indicates some
permeable layers in first ten meter but going to deeper
low permeable layers are observed. As for thalweg, the
borehole SK-3 shows the same permeability character.

c) The permeability profile of right abutment is low
permeable for first 15 meter and impermeable after 15
meter as obtained from the boreholes SK-4 and SK-5.
But there are some permeable layers for the first 15m fo
SK-4.

d) The bedrock of dam axis location belongs to
Cretaceous aged Dagardi Melange constituted of
peridotites. In addition, core samples obtained from the
drilling operations show that 4.5 — 5 m thick of
alluvium and 3.5 m thick of slope debris exist in dam
axis location. This alluvium and slope debris must be
stripped before the construction stage.

e) Water income to the stripping excavation pit is
calculated based upon Darcy Law. According this
calculation total amount of water income to the
excavation pit will be approximately 13.44 It/min. This
water must be discharged out of the excavation pit with
suitable pumps.

f) As a result of this study a huge leakage potential is
no encountered in dam axis. Small quantity of water
leakages from upstream to downstream are planned to
restrained by the construction of grout curtain.

g) Considering the strength parameters of bedrock, any
stability problem in dam axis is not awaited.
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Abstract

In this study, it is aimed that the analysis of export and import values of Bosnia and Herzegovina for wood and
articles of wood, wood charcoal with seasonal ARIMA model and forecasting of export and import values for next
term by the best appropriate seasonal ARIMA model. The data used in this study were obtained from Trade
statistics for international business development (TRADEMAP) and monthly data covering the period of January
2007 and December 2015. Augmented Dickey-Fuller test was used for the stationarity test. Temporary model that
have smallest values of forecasting accuracy measurement was determined. The appropriateness of the model
(whether plot of autocorrelation has white noise) was determined by using the Box-Ljung test. As a result, ARIMA
(3,1,0)(0,1,2);, model was found as the best forecasting model for both export and import series. It was estimated
that export value of Bosnia and Herzegovina for wood and articles of wood, wood charcoal is approximately 531
million$, while import value is 160 million$ in 2020.

Keywords: Seasonal ARIMA model; wood and articles of wood; wood charcoal; export; import; forecasting

. degree of difference [2]. General process of ARIMA
1. Introduction model is as follows [2];

Export provides to remain in the balance of foreign
trade by supply the amount of foreign currency going
abroad. In addition, companies are becoming more
powerful in global competition by expanding the

market network with export and as well negative trend

1. Plot the data. Identify unusual obversations.

2. If necesarry, transform the data to stabilize the
variance.

3. If the data are non-stationary, take first

of exports in the future. Export / import that are in a difference the data until the data are stationary.
close relationship with GDP, interest rates, inflation, 4. Plot the autocorrelation function (ACF)/partial
etc. may affect the country's economy. Therefore, the autocorrelation function (PACF) of the differenced
forecasting of accurately value of export/import is very data and try to determine possible candidate
important. models.

5. Try your chosen model(s) and use the akaike
information criterion (AIC) to search for better
model.

6. Check the residuals from your chosen model by
plotting the ACF of the residuals and doing a
Ljung-Box test of the residuals. If model has not
white noise, determine model again.

7. If model has white noise, calculate forecasts.

There are many forecasting techniques that including
qualitative and quantitative for predicting the future.
Quantitative methods are contained in the method of
time series analysis [1]. There are many methods for
analyzing time series. Box-Jenkins method is one of the
most used methods. This method is called as ARIMA
(autoregressive integrated moving average) analysis.
ARIMA model is divided into two. These are non-
seasonal and seasonal ARIMA models. ARIMA model ARIMA model was applied many studies [3, 4, 5, 6, 7,
combine differencing with autoregression (AR) and a 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19]. In this
moving average (MA) models. This model can be study, it is aimed that the analysis export and import
expressed as Wi=C+hpsWeit...... +OpWep +01611 +... +048.  values of Bosnia and Herzegovina for wood and articles
ot & Here, w, is the differenced series, p is order of the  of wood with SARIMA model. In addition, the best
autoregressive part and g is order of moving average appropriate SARIMA model estimated export and
part. Also, we said this an ARIMA (p,d,q), where, disa  import values.
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2. Materials and Method
2.1. Material

In this study, it was used that export and import values
of Bosnia and Herzegovina for wood and articles of
wood, wood charcoal. The monthly data was used for
examine the seasonal and trend components. This data
covers the period of January 2007 and December 2015.
Data were obtained from Trade statistics for
international business development [20]. Data was
taken as $1000. Minitab 16 was used for determine the
best model while Eviews-8 was used for the analysis of
stationary.

2.2. Method
2.2.1. Seasonal ARIMA model

The seasonal ARIMA (SARIMA) model is similar to
the ARIMA model which known as a linear
approximation for predicting future. This model
consists of stages such as identification, estimation,
diagnostic checking and forecasting. Accurate
predictive models can improve with this model by
removing the characteristics of seasonal variation
through seasonal differences [21].

The SARIMA  model consists of seasonal
autoregressive term (P), seasonal integrated term (D),
and seasonal moving average term (Q) as well as
autoregressive term (p), integrated term (d), and
moving average term (qg). Generally, the SARIMA
model represents as SARIMA (p, d, g)(P, D, Q) and is
expressed by equations in follow

0p (B) @y(B®)(1-B)(1-B°)Py=5+04(B)Oo(B*)ay (1)

0p(B)= 1- ¢1B- ¢,B%-....- ¢,B" @)
04(B)= 1- 6,B- 0,B*...- 0,B° (3)
®,(B®%)= 1-DsB°-0yB*-...-DpsB™ (4)
Oo(B®)= 1- OsB®-0,5B*-5-0sB® (5)

Here, y; is the observation value at time t, o iS the
lagged error at time t, B is the lag operator defined by
B Y ¢ (p=L12,...p), ®p (P=1,2,...,P), 0,
(9=1,2,..q) and Oq (Q=1,2,...Q), p and q are the order

of non-seasonal autoregressive and non-seasonal
moving average, P and Q is the order of seasonal
autoregressive and seasonal moving average, d is order
of regular difference, D is order of seasonal difference
and S is a seasonal length [21, 22].

2.2.2. Forecasting Accuracy Measurements

For the series, forecasting values are calculated and
compared with the actual values of the series. There are
several criteria for forecasting accuracy measurement.
Forecasting accuracy measurements used in this study
were given as follows:

Mean Absolute Percentage Error;

100
n

(MAPE)=X (6)

V=Vt
Yt

7, — 2
Mean Square Error (MSE):Z(ynyf) -

Here,y, is the forecasting value of model, y; is the
actual value of model and n is the number of
observations [19, 23]. The criteria of MAPE for model
evaluation were in Table 1.

Table 1. MAPE values for model evaluation [24]

MAPE (%) Evaluation
MAPE < 10% High accuracy forecasting
10% < MAPE < 20% Good forecasting
20% < MAPE < 50% Reasonable forecasting
MAPE > 50% Inaccurate forecasting

3. Results

Firstly, it must be provided to export and import series
of stationary condition. For this, the stationary of export
and import series were analyzed with Augmented
Dickey-Fuller (ADF) unit root test and results shown in
Table 2. It was seen that series is stationary in the 5%
significance level according to ADF test when taken
difference of the natural logarithm series. The
1stdifference of series was taken. Distribution graph of
natural logarithm and differenced of export and import
series were shown in Figure 1 and 2.

Table 2.Augmented Dickey-Fuller (ADF) test results

Level Natural logarithm  1st difference
Export series 7 \ugmented Dickey- 4, 57546, 0,245091 2,867914
Fuller test statistic
Import series  ugmented Dickey- 376031 0108246 2,645649
Fuller test statistic

ot ritica 1% Level 2589531 -2,589531 2,589531
oo 5% Level T1,044248  -1,944248 11,044248
10% Level 1,61451 1,61451 71,6451
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Figure 1.Stationarized export series of graphics

According to Figure 1 and 2, the mean and variance of
export and import series are a constant. But, series
comprise seasonality. For this, natural logarithm and
differenced of export and import series were taken
seasonal difference (12st difference). After obtaining
these series of stationary conditions, a variety of

Figure 2.Stationarized import series of graphics

ARIMA (p,d,q)(P,D,Q);» models has been tested by
autocorrelation and partial autocorrelation graphics of
the export and import series. Autocorrelation and
partial autocorrelation graphics of stationarized these
series were shown in Figure 3, 4, 5 and 6.

Autocorrelation Function for Export
(with 5% significance limits for the autocorrelations)
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Figure 3. Autocorrelation graphic of stationarized export series
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(with 5% significance limits for the partial autocorrelations)
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Figure 4. Partial autocorrelation graphic of stationarized export series
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Figure 5. Autocorrelation graphic of stationarized import series
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(with 5% significance limits for the partial autocorrelations)
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Figure 6. Partial autocorrelation graphic of stationarized import series

As a test results, ARIMA (3,1,0)(0,1,2);, model which
have smallest values of the error sum of squares (SSE)
and the mean square error (MSE) was determined as
temporary model for both export and import values of
Bosnia and Herzegovina for wood and articles of wood,

wood charcoal. The results related to the model were
given in Table 3 and 4. The suitability of models were
tested with Ljung-Box Q statistic and results shown in
Table 5 and 6.

Table 3.Analysis results of ARIMA (3,1,0)(0,1,2),, model for export

Variable Coefficient Std. Error t-Statistic
AR(1) -0,251 0,1023 -2,45
AR(2) -0,074 0,107 -0,69
AR(3) 0,2464 0,1022 2,41
SMA(12) 0,5397 0,1066 5,06
SMA(24) 0,3528 0,1116 3,16
Number of observations 108

After differencing 95

The error sum of squares 0,945841

The mean square error 0,010509

Table 4.Analysis results of ARIMA(3,1,0)(0,1,2);, model for import

Variable Coefficient Std. Error t-Statistic
AR(1) -0,3234 0,1019 -3,17
AR(2) -0,0659 0,1072 -0,61
AR(3) 0,2847 0,0998 2,85
SMA(12) 0,422 0,1098 3,84
SMA(24) 0,4456 0,1134 3,93
Number of observations 108
After differencing 95
The error sum of squares 0,845125
The mean square error 0,00939
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Table 5.The Q.5 statistic and X? values of ARIMA (3,1,0)(0,1,2):, model residuals in different lags for export

Lags Qstatistic thable (0=0.05) Degree of freedom
12 13.9 14.07 7
24 27.6 30.14 19
36 36.9 43.77 3130
48 52.3 55.76 4340

Table 6.The Q. statistic and X? values of ARIMA (3,1,0)(0,1,2):, model residuals in different lags for import

Lags Qstatistic X2 p16(0=0.05) Degree of freedom
12 12.8 14.07 7

24 19.9 30.14 19

36 28.6 43.77 31=30
48 44.8 55.76 43=40

While the actual and forecasting export values for wood  Figure8. In addition, the forecasting values for export
and articles of wood, wood charcoal were shown in and import were given in Table 7 and 8.
Figure 7, actual and forecasting export values in
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Figure 7. Actual and forecasting values for export (2008-2020)
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Figure 8. Actual and forecasting values for import (2008-2020)

Table 7.The forecasting values for export in 2016-2020 (1000$)

Months 2016 2017 2018 2019 2020
January 24404 27161 29070 30935 32919
Februray 24570 28367 30222 32160 34222
March 29440 34061 36248 38572 41046
April 30604 35988 38346 40805 43422
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May 33925 38751 41234 43878 46691
June 36141 40055 42621 45354 48262
July 37683 42714 45469 48384 51487
August 32024 35528 37803 40227 42807
September 38846 42786 45529 48449 51555
October 40333 44238 47079 50098 53311
November 36483 39281 41798 44478 47331
December 29865 31885 33930 36106 38421
Table 8.The forecasting values for import in 2016-2020 (1000%)
Months 2016 2017 2018 2019 2020
January 7092 7587 8196 8779 9400
Februray 7442 8428 9171 9818 10513
March 9453 10716 11409 12215 13078
April 10007 11311 12151 13012 13932
May 10137 11441 12298 13167 14098
June 10802 12068 12882 13792 14768
July 11780 13237 14197 15202 16277
August 9177 11113 11908 12750 13652
September 9876 11559 12362 13236 14172
October 10875 12211 13085 14011 15002
November 9342 10695 11452 12262 13129
December 9365 10033 10738 11498 12311

4. Conclusions

The export and import values of Bosnia and
Herzegovina for wood and articles of wood, wood
charcoal with seasonal ARIMA model were estimated
with seasonal ARIMA model. The natural logarithm,
regular difference and seasonal difference of the series
were taken. ACF and PACF graphics of the series for
determine the appropriate models were examined. Q
statistics were calculated for the appropriateness of the
model. ARIMA (3,1,0)(0,1,2);, model was found as the
best forecasting model for both export and import
series. It was found that MAPE value of model for
export is 8.12%, while MAPE value for import is
7.54%. It was estimated that export value of Bosnia and
Herzegovina for wood and articles of wood, wood
charcoal is approximately 531 million$, while import
value is 160 million$ in 2020.
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Abstract

Waste materials are hazardous and serious problem for environment. Because, they occur soil pollution, ground
water pollution and also visual pollution. Especially, industrial wastes are composed in large quantities. Many
scientists have made research to solve these problems. According to their results, they have suggested that usage of
waste materials in many areas as a material or additive material. One of the areas is soil stabilization. Soil
properties are improved with this additive wastes. In this study, laboratory tests were conducted on granular soil
specimens amended with fly ash and slime waste boron. The specimens were prepared with granular soil and fly
ash-waste boron at different ratios. They were compacted standard Proctor compaction energy and, than were
cured 1, 7 and 28 days. After cure unconfined compressive tests were conducted to investigate the effect of fly ash-
waste boron on granular soil strength. Addition of fly ash-waste boron increased soil strength. As a result, fly ash-
waste boron can be used with granular soil for increasing strength. This is economical solution.

Keywords: Fly ash, Waste slime boron, Soil stabilization

1 Introduction automo;ive industry_, rocl_<et fuel, caps_ule, radiation
' preventive sheaths, fire extinguishers, radio tube[1].
Waste materials are serious environmental problem
because they have harmed to soil, ground water and  Turkey is a rich country with regards of boron reserve
also have formed visual pollution. Rapidly developing and has met 40-50% of World consumption. Total of
technology has increased production and consumption.  annual raw material production is approximately 1.3
This situation has increased energy needs too at the million tons in Turkey. With this production, a serious
same way. The increasing of production and solid/liquid waste problem was revealed. Solid wastes
consumption results in the increase of amount of waste.  are discarded in the open area, and liquid wastes are
Especially industrial wastes are formed serious problem  collected in dams [1].
due to very large quantities. In the developing
countries, distinct rules of waste disposing are initiated  Fly ash is the main by-products of coal combustion for
to prevent the environment pollution. Also, many electrical energy production. Fly ash is one of the waste
scientists research about usability of wastes in many materials that are generated by the coal industry in very
areas. This case is positive effects on environment by large quantities. However, a small part (25% — 30%) of
means of recycling, regains to economy and reducing the fly ash can be used in many areas. Its utilization is
environmental pollution. Wastes materials were began  not limited and it is added to cement and concrete
to be used in soil stabilization like usage in many areas.  products, construction materials as a light weight
Because these waste materials increases some aggregate, infiltration barrier, underground, void filling,
parameters of soil like strength and decreases some water and environmental improvement, and is used in
parameters like settlement, permeability. geotechnical stabilization as an additive material,
structural fill, cover material, unpaved roads,highway
Borax is a highly soluble material and increases base structures, roadway and pavement etc. There are a
viscosity, toughness and strength in many materials and ot of studies about fly ash used in the stabilization of
reduces the radiation, sound, thermal permeability. For  soils. In the previous studies [2, 3, 4, 5, 6, 7] it was
this reason, boron products are used in many areas such indicated that the engineering properties of fly ash
as glass, drug, paint, airplane, ceramic industry, amended soils have been improved. Generally, fly ash
agriculture, metallurgy, nuclear applications, glaze and  was used together with different additive materials like
enameled coatings, steel and space industries,
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cement, lime or industrial wastes like marble dust,
cement kiln dust, etc.

On the other hand, boron compounds in this waste
discharged to land dissolved by rain water, and pass to
soil where they form some complexes with heavy
metals such as Pb, Cu, Co, Ni, Cd, etc., so that the
potential toxicity of these metals increases, and cause
some serious health and environmental problems when
the complexes pass to groundwater. Hence, there is a
necessity of making use of this waste in large amount to
avoid the environmental problems [1]. Fly ash is an
important material for various applications. The
utilization of fly ash in construction, removal of organic
compounds, heavy metals, dyes, and zeolite synthesis
can help a great deal in the reduction of environmental
pollution. The unburned carbon in fly ash plays an
important role for adsorption [8]. When fly ash is used
together with waste materials, it is expected to reduce
harmful effects of these waste materials.

In this study, laboratory tests will be conducted on
granular soil specimens amended with fly ash and slime
waste boron. The specimens will be prepared with
granular soil and fly ash-waste slime boron at different
ratios. They will be compacted standard Proctor
compaction energy and, than will be cured 1, 7 and 28
days. After curing, unconfined compressive tests will
be conducted to investigate the effect of fly ash-waste
boron on granular soil strength.

2. Material and Method

The granular soil (SG) used in this study was obtained
from Afyonkarahisar Municipality, Turkey. This
material was used in road construction. It had 23 %
particles passing the US No. 10 sieve (<2 mm), 5%
passing US No. 200 sieve (<0.075 mm). Unit weight is
18.9 kN/m®. It was classified as well graded gravel
(GW) according to the Unified Soil Classification
System (USCS) and A-1 according to the American
Association of State Highway and Transportation
Officials (AASHTO).

A-1 class material is a good subbase material in the
ASSHTO standards. Some chemical compounds of the
granular soil are shown in Table 1. The waste slime
boron used in this study was obtained from Etibor
Kirka Borax Company in Eskisehir, Turkey. Waste
boron was dried and sieved from sieve #40, resulting in
waste boron grains that are smaller than 425 pm. Some
chemical compounds of the waste slime boron are
shown in Table 1. The fly ash was obtained from Soma-
B Power Plant in Manisa, Turkey. It is F class
according to ASTM C 618 [9] and W class according to
TS EN 197-1 standard [10]. Approximately, 80 % of
the particles are finer than the U.S. No. 200 sieve size.

Some chemical compounds of the waste fly ash are
shown in Table 1.

Table 1. Chemical compounds of used materials (%).

Waste Fly ash SG
boron
SiO, 21.64 48.28 0.24
Fe,05 0.19 7.19 0.06
Al,05 0.75 27.72 0.16
CaO - 10.51 36.05
MgO 9.40 251 16.99
SO, 3.16 -
P,0s - 0.27 -
Ti,0, 16.77 1.28 0.01
Na,O 7.88 - -
B0, 7.75 -
LOI 35.38 46.40

LOI: Loss of Ignition

Identification tests were performed according to TS
1900-1[11] standard. The distribution of the particle
sizes was determined by sieving. For the sieve analysis,
the granular soil was washed above the 0.075-mm sieve
and dried in the drying oven. Then, it was sieved by a
sieve set. For the standard and modified compaction
tests, water was added to the dried granular soil
material and mixed. The wet specimen was compacted
in the compaction mold (diameter: 105 mm height:
1155 mm). For the standard Proctor test, the
compaction process was performed in three layers of
approximately equal mass, each layer being given 25
blows from 2.5 kg rammer dropped from a height of
305 mm above the specimen. The maximum dry
density and optimum water content were determined
from the relationships between the dry density and the
water content of these processes for every test
separately. For the sample preparation, the granular soil
was mixed with waste slime boron and fly ash at three
different ratios and the dry weights of the materials
were used for the mixtures. The percentage of additives
was obtained from literature [5, 6, 8]. All of the
specimens were compacted with standard Proctor
compaction energies and optimum water contents. The
compositions of the mixtures and the compaction
characteristics are given in Table 2.

Table 2. Mixing Ratio and Compaction Characteristics
of Specimens

Mixing ratio Pemax (KN/M?) Wopt (%0)

SG
5BR-10FA
10BR-20FA
15BR-30FA

2,19
2,09
2,00
1,92

75
8,1
9,9
10,1

SG+5% Boron + 10% Fly ash
SG+10% Boron + 20% Fly ash
SG+15% Boron + 30% Fly ash

pH and Electrical Conductivity (EC) values of
specimens were measured. For this test, dried
specimens were sieved with No:10” sieve (2 mm). 10 g
were weighed, then 50 mL distilled water were added
and were mixed with specimens. After 1 hour,
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measurements were performed. pH and Electrical
Conductivity (EC) values of specimens are given in
Table 3. After 24 hours and 96 hours, to see effects of
additives and changes, measurements were performed
again.

Table 3. pH and Electrical Conductivity (EC) values of
specimens

pH EC (uS/cm)
1h 24h 9h 1h 24h 96h
SG 850 865 8,60 870 810 770
5BR-10FA 11,99 12,12 12,32 2443 2132 2142
10BR-20FA 12,16 12,14 12,39 2523 2154 2172
15BR-30FA 1235 12,20 12,31 2616 2167 2136

2.1. Unconfined compressive strength test

The unconfined compressive strength (q,) is a measure
of the strength of the mixtures. It shows the effects of
the additive materials to granular soil strength. The
unconfined compressive strength test followed the
procedures outlined in the TS 1900-2 standard [12]. A
strain rate of 1 % / min was maintained during this test.
The specimens that were mixed with the granular soil,
waste slime boron and fly ash, were compacted in a
standard Proctor mold. After compaction, the
specimens were extruded with a hydraulic jack from the
compaction mold. Two specimens were prepared from
this mold separately for a mixture ratio. The specimens
were sealed in a plastic wrap three times and covered
with a wet cloth for controlling humidity. The cloth was
wetted every day, and then, the specimens were cured
1, 7, and 28 days. Duplicated specimens were tested for
the unconfined compressive test as quality control, and
the averages of these two tests were reported as the
results.

3. Results and discussion

The effects of the additive materials on the optimum
water content and the maximum dry density are given
in Table 2. The results show that the addition of
additives causes an increase in the optimum water
content and a decrease in max. dry density. The reason
for the increase in the optimum water content is an
increase in the particle surface area of samples due to
the addition of finer materials. Similar trends have been
obtained from some experimental works [3, 4, 5, 6, 7].

pH and EC test results indicate that additive materials
increased values of pH and EC. This can be seen in
Table 3. The pH increased from about 8,5 to about
12,0. EC values increased from 870 uS/cm to between
2443 uS/cm and 2616 puS/cm, depending on increase of
additive. But, pH did not change much with increase
additive material after from first additive. When time
dependent effect of additive was observed, pH did not
change much, EC decreased. At the end of 24 hours and

96 hours, EC values decreased to approximately 2130 -
2170 uS/cm. Furthermore, 15BR-30FA mixture was
more effective than 5BR-10FA and 10BR-20FA for
EC. Because EC value decreased from 2616 uS/cm (24
hours) to 2136 pS/cm at the end of 96 hours.

Unconfined compressive test results can be seen in
figure 1, 2 and table 4. The strength increased in all
specimens with the increase in additive amount. The
highest strength values were obtained as 1438 kPa in
15BR-30FA mixture ratio. Similar situations were seen
in the cure time increase. The strength values increase
in the cure time in all the specimens. The increases
were shown linear trend, but the strength of specimens
with 15BR-30FA increased too much at the end of 28
day cure. Actually, in 1-day cure and 7-day cure,
strength values of specimen with 15BR-30FA are less
than strength values of specimen with 10BR-20FA.
According tol-day cure and 7-day cure, optimum
mixing ratio is 10BR-20FA because of higher strength
values. Despite of the highest strength in the specimen
with15BR-30FA after 28-day cure.

Table 4. Unconfined compression test results (kN/m?)

1 Day 7 Day 28 Day
SG 144,5 307,8 410,6
5BR-10FA 356,6 481,0 607,1
10BR-20FA 497,2 672,0 748,0
15BR-30FA 434,6 593,5 1438,0
1600 —
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Figure 1. Unconfined compressive strength — cure time
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Figure 2. Unconfined compressive strength — additive
ratio
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Mostly these increases can be caused by fly ash,
because there are a lot studies about fly ash in soil
stabilization. And it is not also well known effect of
boron to soil stabilization. But strength results are
shown that boron is useable in soil stabilization. Boron
waste should be used to reduce wastes in many areas.

Otherwise, heavy metals in the boron wastes are serious
problem for ground water and soils [1]. When waste
boron and fly ash are used together, fly ash can help to
decrease this problem by absorption properties. The
unburned carbon in fly ash plays an important role for
adsorption [8]. Heavy metals are absorbed by fly ash,
soil and ground water are protected from contaminant.
However, it should be made chemical analyses to
measure absorption capacity of fly ash.

4. Conclusions

Recycling of industrial waste is beneficial
environmentally and economically. In economic terms,
it is cheap, and in environmental terms, it decreases
pollution. In this study, it is investigated the beneficial
reuse of waste boron and fly ash in soil stabilization.
Tests were performed on granular soil mixtures
amended with waste boron and fly ash. pH and EC
values measured in all mixtures. For unconfined
compression tests, specimens were prepared with
standard Proctor compaction energy and, than were
cured 1, 7 and 28 days. Then, unconfined compressive
strength tests were performed after cure time in these
specimens. Waste boron and fly ash can be used as an
additive material in soil stabilization. 10BR-20FA can
be explained as a suitable mixing ratio. It should be
made other chemical analyses on waste boron-fly ash
mixtures and the impact of these wastes on soil and
ground water should be investigated.
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Abstract

At present the use of solar energy for power generation has increased in recent years, this is due not only to climate
change but also to reduce costs of solar technology materials and equipment. The paper assesses the energy
generation potential of photovoltaic systems in the Caribbean region of Colombia based on data extracted from
NASA Surface Meteorology and Solar Energy. The solar energy atlas for Caribbean region was generated using
ArcGIS program. The analyzed results indicates that in the Caribbean region of Colombia there is a huge energy
generation potential of photovoltaic systems with annual electricity generation of 1554.47kWh/kW, and performance
ratio of 79.63% which is good for PV systems. This study is important as generated results are vital for the
development of PV systems in the region and also the results can be used in the future social, economic and
environmental impact study for deployment of these systems; and selecting the suitable area and appropriate
technology that can adapt to the conditions of this region.

Keywords: Photovoltaic systems, Performance ratio, centralized grid connected (CGC), Capacity factor, Final
yield.

on the area or geographical location (mountain or flat).
The other factors include; distance from the sea, the
Today the awareness of the availability of solar energy  average rainfall and conditions of the ground, which
is necessary for optimal utilization of the resources. leads to a difference for radiation in each region of
Since this energy can be converted into useful energy  Colombia.

through use of solar technologies. The case of
photovoltaic or thermal systems the purpose is the
generation of electricity. The photovoltaic technology
has increased considerably year by year. In 2015 the
capacity installed was at least 48,1 GW, as compared to
40 GW in 2014 [3]. The total photovoltaic capacity
installed at the end of 2015 globally amounted to 227,1
GW [3]. The 24 International European Agency (IEA)
photovoltaic power systems (PVPS) countries In the year 2015, The Institute of Hydrology,
represented 197 GW of cumulative PV installations, the ~ Meteorology and Environment Studies (IDEAM) for
majority of these are grid connected. On the other hand, ~ Colombia published the third map of solar radiation;
the non IEA PVPS countries represented 30 GW. this represents an aggregate of maps showing the
However, countries with less than GW installed PV  spatial distribution of solar energy potential in
system were not included in the global installed Colombia. These maps show the average global solar
capacity. Furthermore, some countries with more than a  radiation per day, average daily sunshine hours and
GW but whose total is difficult to quantify with solar ultraviolet radiation on flat surface.

accuracy were also excluded [3].

1. Introduction

In the Caribbean region radiation and sunshine have a
direct relationship with the values of precipitation
(IDEAM) [1]; the lower radiation coincides with the
period with more rain and less rain period with higher
radiation. At the time when there is less rainfall, solar
radiation level is high and represents an average
temperature between 38 ° C and 40 ° C.

However, despite of the Caribbean region having the
Colombia being close to the line of equator, it has highest annual solar radiation in range of 4-5 kKWh/m?2-
regional geographic differences, which defines a day as shown in figure 1 with La Guajira having the
number of factors that are specific to the characteristics  greatest solar potential compared with the other
of incidence of solar radiation. These vary depending  regions. However, solar energy for electricity
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generation has not been exploited due to among the
reasons few studies on the potential of photovoltaic
systems for energy generation. Therefore, the aim of
this paper is to study and assess the potential of the
photovoltaic systems for energy generation in
Caribbean region. Based on this information, it will be
possible to quantify the solar energy potential for
electricity generation for the Caribbean region.
Furthermore, in the case of remote areas, for the
national transport networks and energy distribution, this
information is significant since it can be used in various
projects. In addition, this information can be further be
used in various requirement like communication, water
pump systems, lighting, signing, heating, air
conditioner and use in agriculture. At the same time, the
information can also help to identify strategic regions,
which are more appropriate for solar energy utilization
and development to provide solutions necessary for the
population.

1.1. The status of electricity generation in Colombia

The main sources of electricity generation in Colombia
are hydropower systems, gas, coal, fossil fuels, wind
systems and biomass systems. In Colombia the capacity
of energy generation by technologies are Hydropower
70.41%, Gas 10.86%, Coal 7.56%, liquids 8.81%, gas-
liquids 1.78%, wind power 0.12% and biomass 0.74%.
As shown in figure 2 and Table 1 [2].

Table 1. Technology Capacity of Colombia

Technology Capacity

Technology Power (MW) Participation (%0)
Hydropower 10.919,8 70,41
Thermal Gas 1.684,4 10,86
Thermal Coal 1.172,0 7,56
Liquids 1.366,0 8,81
Gas-Liquids 276,0 1,78

Wind 18,4 0,12
Biomass 72,3 0,47

Total 15.508,8 100

Solar Source Distribution in Carribbean Region Colombia
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Figure 1. Solar source distribution in Caribbean region in
Colombia

However, in month of January of 2015 the national
interconnected system showed a decrease of the
installed capacity due to the withdrawal of 46MW (Jet
Al) from the system [2].

Technology Capacity
0,12% 04

7% = Hydropower

1,78%

= Thermal Gas

Thermal Coal

® Liquids

= (Gas - Liquids

Wind

" Biomass
Figure 2. Energy technology Capacity in Colombia [2]

Table 2 shows the installed electric power capacity
clustered by regions in terms of the technologies. Table
2 shows that the departments of Atlantico, Bolivar,
Cordoba and La Guajira are the highest focal point of
power production in the region [2].

Table 2. Technology capacity installed in the Caribbean region by resource type in MW [2]

ACPM WATER BIOMASS

COAL  FUELOIL GAS WIND TOTAL

CARIBBEAN 462,0 338,0 296,0 297,0 1.331,0 18,4 2.742,4
ATLANTICO 153,0 110,0 1.241,0 1.504,0
BOLIVAR 309,0 187,0 90,0 586,0
CORDOBA 338,0 338,0
GUAJIRA 296,0 18,4 314,4
CESAR 0,0
MAGDALENA 0,0
SUCRE 0,0
(o) IR 56



2. Material and methods

In Colombia the energy generation by PV systems are
only used for household energy consumption (i.e. small
household systems-SHS) and off-grid systems (mini
grid) in remote areas where grid connection is not
possible. Non-connected zones account for 52% of the
country’s area and diesel generators are commonly
used to produce energy [4]. The use of diesel generators
contribute to greenhouse gas emission and pollution of
the environment[4].

In order to assess the energy generation potential of PV
systems in Caribbean region of Colombia the following
indicators has been used based on previous studies
undertaken in other parts of the world [5-15];
performance ratio, capacity factor, final yield, suitable
area, Theoretical, Geographical and technical energy
potential. The data used in the study has been obtained
from NASA Surface Meteorology and Solar Energy.

2.1 Estimation of PV Electricity Generation
Potential

2.1.1 Energy Potential

Theoretical solar energy potential is defined by the
radiation energy that reaches a specified area (e.g. 1
Km?) within a defined time period (e.g. 1 year). [5].

The theoretical solar energy potential has been
determined using the expression (1) [5]:
AEA:, =1 X A X 365

1)
Where AEA,, is the available theoretical potential of
annual solar energy (MJ/m’-year), | is the global

average solar radiation per day (MJ/m°-day), A is the
land area available (m?) and 365 is the number of days
in a year.

There are two types of grid connected PV system

applications:

1) Centralized grid connected (CGC) PV system;
perform the functions of centralized stations and
generally are systems mounted on the ground and
larger than 1MW [6].

Decentralized grid connected (DCGC) PV system;
normally installed at roof-tops on the buildings or
houses or close to houses but small in size [7, 8].

2)

The geographical potential can be defined as the
theoretical potential limited by suitable area for PV
electricity energy generation and development. The

geographical solar energy potential has been
determined using the expression (2) [5]:
GP =1 X A; X 365=AEAy x (3 )

Where GP is the geographical potential of solar energy
annual available (MJ/m?-year), | is the global average

solar radiation per day (MJ/m?-day), A, is the area
considered accessible and suitable (m?) for PV system
development and 365 is the number of days in a year.
The suitable area for land use are as shown in the table
3 [9,10]. The suitable area for CGC FV systems has
been estimated as 66144km” which is 3,11% of the total
surface area of Colombia.

Table 3. Total area and total suitable area for CGC PV

Department Area (km?) Suitable Area (km?)
LA GUAJIRA 20848 9446
CESAR 22905 12454
MAGDALENA 24188 9590
ATLANTICO 3388 1353
BOLIVAR 25978 20303
SUCRE 10670 4001
CORDOBA 23980 9197
TOTAL 132288 66144"

The geographical and technical potential has been
estimate by analyzing the available area, social factors
and technical limitations.

Technical potential is defined as the part of the
theoretical potential available by considering the
fundamental restriction for the area utilization such as
national parks, agriculture areas, forests, surface water
bodies, and many other restricted or protected areas [5].
The technical potential of annual PV electricity
generation has been determined using the expression

)5

EAP = ¥.GP X n,, X PR ©)

Where n,, is the module’s conversion efficiency and
PR is the PV system’s performance ratio. The module’s
conversion efficiency depends on the type of solar cell
and module temperature [5].

2.1.2 Performance ratio (PR)

The performance ratio, in some cases called “Quality
factor” takes account total system losses such as
inverter losses, cable losses, and thermal losses. It is
appropriate to know the performance ratio from
beginning up to end of the operation of the system, with
the purpose of pinpoint causes of yield losses [11,12].
The performance ratio has been estimated using the
expression (4), [11,12]:

Eac

PR

4
Gt X Nstc ( )

The performance ratio can also be defined as the ratio
between actual yield (i.e. annual production of
electricity delivered at AC) and the target yield given
by the expression (5), [13,14,15]:

Ereal

Eideal

Y
PR= L= = NdegNtemMNsoitllinv

Y

®)

1 The data mentioned were approximate values but this does not
ensure that the values correspond to actual data.
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2.1.3 Capacity factor

The capacity factor can be defined as the ratio between

average annual energy output and rated power of the

considered module. For PV systems, the capacity factor

is given by the expression (6) [16]:
Eac

Ppy rated X 8760

CF = (6)

2.1.4 Cell temperature

The cell temperature can be defined as incoming
irradiance and the others parameters, T, the maximum
ambient temperature, | is the in-plane irradiance and
Tyocr 1S the technology dependent nominal operating
cell temperature, T, nocr is the ambient reference
temperature (20°C) and Iyocr the cell temperature at
irradiance and the value is 1000 W/m? [17,18].

T, =T, + —

(TNOCT - Ta,NOCT) (7)

InocT
2.1.5 Module efficiency
The module efficiency can be estimated as the

reference of PV panel efficiency npy e, the reference
temperature Ty.5(25°C), temperature coefficient of

maximum power of the solar cells B and T,
cell/module temperature [19].
Ne = Npv,ref A-B(Tc - Tref) (8)

3. Results and Discussion

In the study the potential of PV systems for energy
generation in Caribbean region of Colombia has been
carried out using analytical approach. The input
technical data used for the assessment are summarized
in table 4.

Table 4. Efficiency of the components

Components Efficiency

PV efficiency (npy) 13,8%

Inverter efficiency (¢cpy) 95%

Others efficiencies® (,) 90%

Cables (nDC/AC) 93%
Monitoring the solar radiation, temperature, and

sunshine hours of the study area is very important,
since these parameters have influence on the energy
generation potential of the PV systems. The average
monthly radiation on a horizontal plane to the
Caribbean region is shown in Figure 4. The Caribbean
region of Colombia has a substantial amount of solar
radiation, with the annual average of daily solar
radiation of 5.35kWh/m*-day. The region has the
maximum monthly average solar radiation in the month

2 This refers to the temperatures and other losses generated on the
photovoltaic panel

of March at 5.81kWh/m?-day and the lowest in the
month of November at 4.83kW/m°-day. In short the
monthly average solar radiation in Caribbean region
varies between 4.83kWh/m?*-day and 5.81kWh/m?-day.
The region receives the total annual solar radiation of
1952.75kWh/m-year with total yearly peak sunshine
hours of about 2190 hours, which is suitable for energy
generation using PV systems. Thus, with these higher
solar radiations being received in the region, makes it
more suitable place for power generation from solar
energy source. Furthermore, the average annual peak
sunshine hour in the Caribbean region of Colombia is 6
hours per day and the maximum average air
temperature is 34°C. [20].

The analyzed results show that, the efficiency of the
multi-crystalline silicon module at maximum average
air temperature is 11,96%, which correspond to a drop
in the module efficiency by 1.84%. In other words, the
performance of the PV system in this region is expected
to drop due to high temperature. This drop in the
module efficiency is as the result of higher
temperatures. This drop in the module efficiency
translates to loss of approximately 2000TWh of energy
per year in the PV system.

The Caribbean region has a total surface area of
approximately 132,288km? and receives annual average
of daily solar radiation of 5.35kWh/m?-day. Thus,
considering the surface area and the average annual
solar radiation and using equation 1, the theoretically
solar energy potential for Caribbean region is found to
be 258,3325TWh/year. Thus, the region receives about
258,332TWh/year of solar energy. Taking into
consideration the restricted areas and land areas not
suitable for PV system installation. The region have a
total of about 66,144km? suitable area for PV systems
installation. Using equation 2, the geographical solar
energy potential for the region has been estimated at
approximately 129,160TWh/year.

The multi-crystalline silicon with the following
specification; nominal output power Pmax of 200Wp,
voltage at Pmax of 26.4V, Current at Pmax of 7.6A,
module efficiency of 13.8% and surface area of 1.45m2
was used to evaluate the technical solar energy
potential of the Caribbean region. The capacity factor
for a multi-crystalline silicon module under the
Caribbean region weather condition is found to be
17.75% and due to temperature effect, the efficiency of
the module is found to reduce to 11.96%. Furthermore,
the multi-crystalline silicon module is found to have
79.63% performance ratio and the 1554.47kWh/kWp
yearly final yield. The total amount of solar energy
technical potential for Caribbean region is about
12,301 TWh/year.
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Monthly Averaged Insolation Incident On A Horizontal
Surface (kWh/m?2-day)
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Figure 4. Monthly averaged insolation incident on a horizontal surface [21].

Table 5 below summarizes the results of the study performance indices for the PV system that is
corresponding to solar energy potential in terms of performance ratio, capacity factor and the efficiency of
theoretical, geographical and technical potential, and the module.

Table 5. Theoretical, geographical and technical potential of CGC PV solar.

Theoretical Module Geographical ~ Performance  Capacity Final yield Technical potential

potential efficiency potential ratio (PR) factor (KWh/kW5p) (TWhlyr)
(TWhiyr) (%) (TWhiyr) (%) (%)
CGC PV 258,300 11.96 129,16 0 79.63 17,75 1554.47 12,300.87
4. Conclusion alternative solution for the Caribbean region and
Colombia.

The paper has presented the energy generation potential

of PV systems in Caribbean region. The region has R€ferences

considerable energy potential and would contribute to  [1] The institute of hydrology, meteorology and
power generation that can be used to replace the fossil  environment studies [IDEAM]. (2015). Forecasts and
fuel power plants. As it can be noticed from table 2,  Alerts. Available: <http://www.ideam.gov.co/ _ >.
more than 50% of energy generation in the region is  Accessed: April 2016.

from the fossil power plants. The use of solar energy [2] Mining and Power Planning Unit [UPME]. (2015).
technologies would reduce the environmental, social | forme mensual de variables de generacion y del
and cultural impacts that result from the use of fossil Mercado Eléctrico Colombiano. Available:

fuel for energy generation. <http://www.upme.gov.co/ >. Accessed: March 2016.

In this paper, the energy output, capacity factor and [3] IEA-PVS Reporting Countries, Becquerel Institute
performance ratio of the photovoltaic systems in the (BE), RTS Corporation (JP) SolarPower Europe
Caribbean region in Colombia has been evaluated using  (EU).(2016). Snapshot of Global Photovoltaic Markets
monthly average daily global solar irradiation data - |EA  PVPS. Available:  <http://www.iea-
available at NASA Surface Meteorology and Solar  pvps.org/index.php?id=trends0>. Accessed: May 2016.

Energy. Multi-crystalline silicon photovoltaic module [4] Procolombia. (2015). Electric power in Colombia -
had been considered in this study to estimate the solar  |,\estment opportunities - Power  Generation.
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Abstract

Copper is from one of the most important heavy metals, which adheres to the ecological system by harmful human
activities. It is toxic, persistent, and non-biodegradable metal, which causes environmental pollution in both the
atmosphere and aquatic environment. Copper pollution found in undesirable concentrations in industrial
wastewaters especially from electronics industries, cooling systems and plating industry. Physical methods are mostly
applied to remove Cu(ll) including adsorption and membrane processes. Nanoparticles (e.g. nano zero valent iron
(nZVI1), carbon nanotubes, titanium dioxide nanoparticle) have been considered to be promising alternatives to
conventional adsorbents. They have advantages by having more surface area and nano-sized pores, which helps to
adsorb more molecules. In this study, in order to enhance adsorption by activated carbon and lower the cost of
nanoparticle synthesis, nZVI is synthesized on activated carbon(AC-nZVI). It was investigated for its effectiveness in
copper removal from aqueous solution. The effect of AC-nZVI dosage, pH and the initial concentration of Cu were
investigated. Adsorption capacities are obtained for nZVIl and AC-nZVI as 414 mg/g and 510 mg/g, respectively.
200mg/L AC-nZVI concentration was determined as sufficient for %96 removal rate. Langmuir isotherm gave the
best fit and the maximum adsorption capacity according to Langmuir isotherm is calculated as 588,24 mg/g.

Keywords: Adsorption; Nano-Zero Valent Iron (nZV1); Activated Carbon; Copper Removal

1 Introduction valent iron (nZV_I) can effectively be used to remove

' chrome and arsenic as heavy metals [13-16].
Nanotechnology became a popular topic in
environmental engineering practices with increasing
number of studies on soil remediation and also water
and wastewater pollution applications. Conducted
studies on nano zero valent iron, especially on heavy
metal removal, demonstrated that it is effective by

means of its high adsorption capacity [1-4].

The purpose of this study is to enhance adsorption by
supporting nano zero valent iron on activated carbon.
For this aim, nZVI is synthesized on activated carbon
and it is investigated for its effectiveness in copper
removal. The effect of AC-nZVI dosage, reaction time
and initial copper concentration is also investigated.

Copper is a material used in the electronics industries, 2. Materials and Method
cooling systems by having the characteristic feature of  2.1. Synthesis of AC-nZVI
high electrical and thermal conductivity. Also it is used
as plating material due to its rustproof specification.
Heavy metals enter to the ecological system by human
activities and bioaccumulate through food chains and
lead carcinogenic effects on human [4-6]. They have
persistent and non-biodegradable characteristics, which
cause environmental pollution in both atmospheric and
aquatic environment [4-7]. Several techniques have
been applied for heavy metal removal including
adsorption by activated carbon, natural low-cost
adsorbents and gamma alumina, ion-exchange system, Fe?* + 2BH" + 6H,0 — 2Fe% 2B(OH); + 7H,1
membrane processes, electrochemical applications [5-
6,8-12]. Many studies have demonstrated that nano zero

In order to clean powdered activated carbon before
synthesis of nZVI-coated activated carbon (AC-nZVI),
powder activated carbon was kept in 5% nitric acid
solution for 1 day. Then, it was washed with ultra-pure
water and ethanol to remove acid and ethanol content
was lost by keeping in oven over night. AC-nZVI was
synthesized in 50% ratio with nZVI. For this, the
predicted amount of nZVI is calculated with reaction
occurred in borohydride method.

FeSO.,.7H,0 solution was dissolved in water:ethanol
(30:70, v:v) mixture. AC was added in the same
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predicted amount of synthesized nZVI into this
solution. To prevent aggregation PEG 2000 was also
used. NaBH4 was added dropwise with the rate of 20
mL/min to iron sulfate solution to occur above reaction.
The obtained mixture is containing nZVI coated
activated carbon particles and it was washed with
ethanol and pure water to inhibit sulfate and boron ions’
negative effects. In order to demonstrate activated
carbon effect, nZVI is synthesized by the same method.

2.2. Experimental Method

CuSO,; (MERCK) was used to prepare the synthetic
samples. The experiment sets were conducted with 100
mL of copper containing synthetic samples with
different amount of AC-nZVI particles and shaked at
150 rpm and 20°C constant temperature. Prepared
samples were centrifuged at 6000 rpm for 5 minutes for
separation of AC-nZVI particles. The initial and
effluent copper analysis was executed in Perkin Elmer
Atomic AdsorptionSpectrometer C-400.

2.3. Isoterm

Adsorption  isotherms are the most common
calculations to describe adsorption process. Isotherms
give the relationship between pollutant concentration
adsorbed on known amount of adsorbent and
equilibrium solution concentration. The equations,
commonly used to assess the experimental isotherm
data, were developed by Freundlich and Langmuir.

The Freundlich isotherm is expressed as follows [17]:

. = Kfcslln
where,

Qe: Unit mass substance adsorbed by unit mass

adsorbent (mg/g),
Kz Freundlich capacity factor (mg/g),
C.: Effulent concentration,
1/n: Freundlich density parameter.

The Langmuir isotherm, in turn, is expressed as follows
[17]:

_ Qmax'KL'Ce
%“="4vx,.c,
where,
Qe: Unit mass substance adsorbed by unit mass

adsorbent (mg/g),
Ce: effluent pollutant concentration (mg/L),
Omax. Maximum adsorption capacity (mg/g), and
Ky; empirical coefficients.

3. Results and Discussion

3.1. Effect of Initial Copper Concentration on
Removal

In order to demonstrate the effect
concentration on removal rate,

of copper
the research was

established in 100 ml of sample volume with 10, 25, 50,
100 and 150 mg/L copper ion concentration and 400
mg/L concentration of AC-nZV1 as adsorbent. After
determined contact time, the samples were centrifuged
at 6000 rpm for 5 minutes to remove particles from
water. In Figure 1, removal rates and adsorption
capacity is stated in terms of obtained data.

==f==Removal Rate = 4 = Adsorption Capacity
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Figure 1. Effect of Initial Copper Concentration

It can be seen in Figure 1 that removal rate was
decreased after 50 mg/L concentration of copper ion.
The removal rate with 10, 25 and 50 mg/L initial
concentration was obtained in higher rate of 98%. In
addition to this removal rate was still higher than 80%
in the highest selected copper concentration of 150
mg/L. Adsorption capacity was increased with the
increment of initial copper concentration as expected.
The slope of adsorption capacity plot was almost linear.

It can be concluded that the maximum adsorption
capacity is not achieved with 150 mg/L copper ion
concentration.

3.2. Effect of Contact Time and AC-nZVI
Concentration on Removal

Experiments were conducted to determine the effect of
contact time and AC-nZVI concentration on removal
rate by using 2-120 minutes of contact time and 50-400
mg/L AC-nZVI concentration at 150 rpm at 20°C. The
concentration of copper was selected as 50 mg/L.
Different samples was taken in 2, 5, 10, 20, 30, 60 and
120 minutes and centrifuged immediately at 6000 rpm
for 5 minutes to remove AC-nZVI particles from water
for copper analysis. Figure 2 and Figure 3 are
demonstrating the effect of contact time and adsorbent
concentration.

It is shown in Figure 2 that the large portion of removal
was captured in the first 5 minutes and removal was
almost stable for each experiment after 10 minutes of
contact time. This can be due to reach of maximum
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adsorption capacity. It is also observed that the removal
efficiency increased with the increase of adsorbent
concentration as expected. After 200 mg/L of adsorbent
concentration the increase trend was reduced. The
highest removal rate of 99.50% was achieved with 400
mg/L after 20 minutes of contact time. 200 mg/L AC-
nZVI1 concentration can be selected as optimum
concentration in according with low increase in higher
adsorbent concentration.
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Figure 1. Effect of Contact Time and Adsorbent
Concentration on Removal Rate

In Figure 3 the adsorption capacity variance according
to adsorbent concentration is shown. As the adsorption
capacity was 790 mg/g for 50 mg/L adsorbent
concentration, it is decreased with adsorbent
concentration as expected. Activated carbon was
supported with nZVI in order to enhance removal rate.
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Figure 2. Change in Adsorption Capacity by Contact
Time and Adsorbent Concentration

As the maximum adsorption capacity of activated
carbon was changing between 6 — 39 mg/g for copper
ion removal [18-19], the maximum adsorption capacity
of AC-nZVI was obtained at 790 mg/g. In Figure 4,
adsorption capacity in the effect of adsorbent
concentration can be seen for nZVI and AC-nZVI. The
experiments were conducted for 30 minutes at same
adsorbent concentration and 50 mg/L copper ion
concentration. While adsorption capacity of nZVI for
100 mg/L adsorbent concentration is 414 mg/g, it was
510 mg/g for AC-nZV 1. Adsorption capacity is increase
by supporting activated carbon with nZVI.
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Figure 3. Difference of Adsorption Capacities of nZVI
and AC-nzVI

3.3. Adsorption Isoterm

R? (Determination Coefficient) is a positive value
between 0 and 1; and the closer the value 1 shows that
the distribution is consistent. Isotherm plots belong to
Freundlich and Langmuir Isotherm can be seen in
Figure 5 and the calculated coefficient is given in Table
1. By considering determination coefficients of
isotherm plots, Langmuir isotherm shows the most
suitable isotherm. According to Langmuir isotherm,
maximum adsorption capacity is calculated as 588,24

mg/g.
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Figure 4. Langmuir and Freundlich Isotherm Plots
Table 1. Coefficient of Isotherms

Langmuir Isotherm | Freundlich Isotherm
Omax | 588,24 K| 237,508
K. {0,630 n| 4,640
R*| 0,985 R*| 0,884

4. Conclusions

In this study, it is aimed to enhance nZVI adsorption
capacity by supporting activated carbon in copper ion
removal. Effect of initial copper concentration, contact
time and adsorbent concentration was investigated and
thereafter the adsorption capacity variance of activated
carbon, nZVI and AC-nZVI was disclosed. Even the
initial concentration of copper was as high as 150
mg/L, removal rate was obtained at 81% with 400 mg/L
AC-nZVI concentration in 30 minutes of contact time.
50 mg/L of the selected lowest initial copper
concentration was almost totally removed by AC-nZVI.
The large portion of removal was achieved at 5 minutes
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Abstract

Over the course of history Marmara region in North-western Turkey has been the site of numerous destructive
earthquakes. Based on historical and instrumental earthquake records, the Marmara sea region is one of the most
seismically active regions of the Eastern Mediterranean. The Marmara region is under the influence of the western
part of the North Anatolian Fault Zone (NAFZ) and the N-S extensional regime of Western Turkey. Therefore, the
earthquake risk analysis is very important for the MARMARAY Project. 76 km-long MARMARAY Project is an
important project not only for Turkey but also for the world because it joins the two continents through railway. It
will also serve for a comfortable and healthy way of environment, providing a contemporary solution for urban
transportation.

Geotechnical and geological parameters of the region were obtained from analyses of seven boreholes. In this paper,
using average wave velocities in layers, thickness, density and formation data based on the PS logs, 43 m and
65.5 m depths ranging from 7 different boring logs in a ground-wise different geological regions in Istanbul,
ground response functions were obtained. Based on the soil profiles transferred to EERA (Equivalent - Linear
Earthquake Site Response Analyses of Layered Soil Deposits) and NERA (Nonlinear Earthquake Site Response
Analyses of Layered Soil Deposits) softwares, the rock soil record of August 17, 1999 Kocaeli earthquake in Istanbul
— Besiktas Ministry of Public Works and Settlement (IBMPWS), response and design spectrums that may be
considered crucial in case of an earthquake were obtained. The acceleration record was used as an input motion
having PGA value of 0,04287 g (east-west component) which was applied on sublayers (i.e. sand, gravel, clay)
using EERA and NERA programs. The analysis is done by keeping constant damping ratio of 5%.

Also nonlinear analysis was compared with the linear method of analysis. Stages involved in ground response
analyses to develop site-specific response spectra at a soil site are summarized. Some of the known site response
analysis methods are summarized and similarities and differences between linear and nonlinear methods.

Keywords: PS logging; MARMARAY; EERA; NERA,; Earthquake Site Response Analysis; Seismic Excitation

1. Introduction Site response analysis is usually the first step of any
seismic soil-structure study. Geotechnical earthquake
engineers and engineering geologist have been trying to
find both practical and most appropriate solution
techniques for ground response analysis under
earthquake loadings. Site response of a two layered soil
deposit with the assumption of linear and rigid base
bedrock (or viscoelastic half-space) was analyzed by
using linear approach. The amplification spectrum of
the soil column is computed between the top and the
bottom of this soil deposit. The change in the intensity
and the frequency content of the motion due to the
propagation of seismic waves in soil deposits and the
existence of topographic features, commonly referred to
as site effects, have a direct impact on the response of

Because a major earthquake is expected in the off-shore
south of Istanbul along the North Anatolian Fault Zone
in the upcoming decades, the Bosporus and its vicinity
with historical monuments and big engineering
structures including suspended bridges and high-rise
buildings either completed or under construction have a
very high probability to expose destructive strong-
ground motion. One of the big and complicated
engineering structure in the Bosporus is the newly-
completed MARMARAY including an immersed
tunnel structure over the bottom with many public
stations and tens of kilometers of railway connections
onshore.
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structures during each of these earthquake events [1].
Geotechnical earthquake engineering deals with the
effects of earthquakes on people and environments.
Thus, engineering geologist and geotechnical
earthquake engineers try to find most appropriate
methods to reduce the magnitude of earthquake related
hazards.

Evaluation of ground response is one of the most
crucial problems encountered in  geotechnical
earthquake analysis. Ground response analyses are used
to predict surface ground motions for development of
design response spectra, to evaluate dynamic stresses
and strains for evaluation of liquefaction hazards, and
to determine the earthquake-induced forces that can
lead to instability of earth and earth-retaining structures

2.

In this regard first quantitative studies have been
conducted using strong-motion data after 1970s.
Several methods have been proposed for evaluating site
effects by using ground motion data, such as soil-to-
rock spectral ratios [3], a generalized inversion [4, 5],
and horizontal-to-vertical spectral ratios [6, 7, 8, 9, 10,
11,12, 13].

The acceleration response spectra are mainly used to
predict the effects of earthquake magnitudes on the
relative frequency content of ground-bedrock motions.
Even though seismic waves generally travel tens of
kilometers of rock and less than 100 m of soil, the soil
plays a very important role in determining the
characteristics of ground motion [2]. Due to the
complexity of the nonlinearity mechanism, dynamic
behavior of soil during strong ground shaking has not
been evaluated quantitatively based on the observed
ground-motion records. Among the various aspects of
the local site effects, nonlinear soil response in
sedimentary layers during strong ground shaking has
been a controversial issue for a long time [14]. A
number of experimental works have been done to
establish the stress — strain behavior of various types of
soil [15, 16]

In theory, the term of site amplification refers to the
increase in the amplitudes of seismic waves as they
pass through the soft soil layers near the earth's surface.
The increase is due to the low impedance of soil layers
near the surface, where impedance is defined as the
product of the mass density of soil and the wave
propagation velocity. One of the basic problems to be
solved by geotechnical engineers in regions, where
earthquake hazards exist, is to estimate the site-specific
dynamic response of the soil deposit under a level
ground motion. The solution of this problem allows the
geotechnical engineers to evaluate the potential for
liquefaction, to conduct the first analytical phase of
seismic  stability evaluations for slopes and

embankments, to calculate site natural periods, to assess
ground motion amplification, and to provide structural
engineers with various parameters, primarily response
spectra, for design and safety evaluations of structures
[17].

The acceleration time histories thus obtained together
with the complete description of the dynamic properties
of the soils determined from geophysical seismic
studies are used to understand the responses of the soil
columns to earthquake waves. Understanding of site
response of geological materials under seismic loading
is an important element in developing a well-
established constitutive model.

Analytical methods for site response analysis include
many parameters. The effects of these parameters are
important to investigate on site response analysis in
order to make confident evaluations of earthquake
ground motions at the site. [13, 15, 18] investigated the
effects of site parameters such as secant shear modulus,
low-strain damping ratio, types of sand and clay,
location of water table, and depth of bedrock. These
studies have shown that the secant shear modulus,
depth of bedrock, and types of sand and clay have a
significant effect on the results of site response analysis.
However, the low-strain damping ratio and variations
of water tables have only a minor influence on site
response analysis [19]. There are two approaches
methods in site response analysis. These approaches
have commonly been employed for representing soil
stress—strain behavior during cyclic loading, for
application in site response analysis. The first, in which
the soil is modeled by a series of springs and frictional
elements (Iwan model), uses Masing’s rules to establish
the shape of the cyclic, hysteresis curves [20].

This model does not normally simulate cyclic loading
of soils, observed strain dependence of the shear
modulus and damping ratio. On the other hand,
Masing’s rule does not provide an adequate
approximation simultaneously for shear modulus and
damping ratio. In the second approach, damping is
modeled as a viscous. This approach is adopted, which
uses a pseudo-linear treatment, and applies an iterative
procedure in order to account for the strain dependence
of modulus and damping [21].

The linear model is one of the most widely used
approaches to model soil nonlinearity. To approximate
the actual nonlinear, inelastic response of soil, an
equivalent linear approach was proposed by [21]. In the
equivalent linear approach, linear analyses are
performed with soil properties that are iteratively
adjusted to be consistent with an effective level of
shear strain induced in the soil. [22, 23, 24] showed that
equivalent linear analysis shows larger peak
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acceleration because the method calculates acceleration
in high frequency range large.

The main shortcoming of the linear method is its
inability to take account of the strong strain dependence
observed experimentally for shear modulus and
damping ratio. The best that can be done with the linear
model is to apply the method of iterations, and to set
values of shear. Site response analysis can be of two
kinds. These methods are linear and nonlinear site
response analysis. Here are two basic approaches is
made. Previous earthquakes, the ground motions on
soft soil sites were found to be generally larger than
those of nearby rock outcrops, depending on local soil
conditions. Therefore, the linear response assay was
developed. In order to conduct one-dimensional site
response analyses, EERA [10] and NERA [11]
softwares are used. The dynamic site response analyses
led to results including spectral amplifications,
velocities and accelerations. These methods are a
modern implementation of the well-known concepts of
site response analysis. [25] studied the effect of
nonlinearity on site response analysis and evaluated
ground surface response, taking into account the local
soil and subsurface soil properties for the proposed
bridge over the river at Sirdjan Boulevard road
subjected to earthquake vibration with the assumption
of rigid viscoelasticity. They showed that based on one-
dimensional site response analysis, the effect of
nonlinear soil behavior is one of the key factors for
response spectra. They showed that based on one-
dimensional site response analysis, the effect of
nonlinear soil behavior is one of the key factors for
response spectra. In another study, the ground response
functions at the free surface in different geological
locations in the metropolitan area of Istanbul have been
obtained using average wave velocities, thicknesses,
and densities of the geological layers based on the PS
logs from seven different boring logs with depth
ranging from 43 to 60 m during the MARMARAY
Project. The E-W component of the acceleration record
of the August 17, 1999 Kocaeli earthquake at Besiktas,
district on the rock has been transferred to NERA
software to obtain response and design spectrums that
are considered to be crucial during earthquake strong
ground motion [26].

A similar study, [27] studied in LNG port project in
Assaluyeh, situated south of Iran. In their paper, the
one-dimensional ground response of a near-fault
earthquake is compared by two methods. An equivalent
linear method based on total stress modeling in
frequency domain and a nonlinear method based on
effective stress modeling in time domain.

The main objective of this paper is to compare the
linear (EERA) and nonlinear (NERA) site response

analysis techniques with the numerically approach and
to show their similarities and differences.

Linear and nonlinear site response analyses methods

To seismic soil response, two approaches are
considered: the equivalent linear approach and a
nonlinear elastoplastic modeling. In the following,
theory and background of these two methods are
reviewed.

The equivalent linear site response analysis (EERA)

The nonlinearity of soil behavior is known very well
thus most reasonable approaches to provide reasonable
estimates of site response is very challenging area in
geoscience. The theory of approximation of real
nonlinear dynamic soil behavior by equivalent linear
approach was proposed firstly by [21]. Equivalent-
linear modeling of dynamic soil behavior utilizes
relationships that describe the variation of shear strain
of material shear modulus (G) and hysteretic damping
ratio ({) (Fig. 1a).

Previous earthquakes, the ground motions on soft soil
sites were found to be generally larger than those of
nearby rock outcrops, depending on local soil
conditions. In order to conduct one-dimensional site
response analyses, EERA software is used [10]. The
dynamic site response analyses led to results including
spectral amplifications, velocities and accelerations.
Twelve different material properties are used in
analyses conducted via EERA software. EERA is a
modern implementation of the well-known concepts of
equivalent linear earthquake site response analysis.

0*u ot do, 01
o= Tt O
Where p is unit soil mass density, u is horizontal
displacement, t is time, t,,, is shear stress in the vertical
plane within which horizontal displacement occurs, oy,
is axial stress (positive when tensile) in direction of
displacement u, T, is shear stress in the plane
perpendicular to the plane within which horizontal
displacement occurs, v, h, n are the vertical, horizontal
and normal direction respectively (Eq.1).

If one-dimensional wave propagation is considered
instead of three-dimensional propagation then the stress
gradients day,/dh and dt,,,/dn are zero and only the
stress gradient dty,/dv exists. Using zero stress
gradients dg,/0h and 01y, /0dn in one-dimensional
analysis causes inevitably under prediction of the
horizontal acceleration d%u/dt? near basin edges. An
apparent increase in dtp,/dv IS necessary in one-
dimensional analysis to compensate for the ignored
stress gradients day,/0h and dt,,/0n near basin
edges.
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Equation (1) is valid for any stress-strain relationship
but cannot be solved directly because it mixes stresses
with displacements [2]. In real materials, part of the
elastic energy of a traveling wave is always converted
to heat. Viscous damping is often used to represent this
dissipation of elastic energy because of its
mathematical convenience. For the purpose of visco
elastic wave propagation analysis, soil is usually
represented as Kelvin-Voigt model [2].

One way to address the issues of basin edge effects in
to define and use modification factors for one-
dimensional analyses near basin edges. The factors
would be used in conjunction with one-dimensional
analyses, to determine site specific seismic hazards
caused by local ground layers.

The equation of motion in the horizontal direction for a
three-dimensional elastic soil is developed in many
textbooks [2].

Figure 1. One-dimensional layered soil deposit system
[21].

ayhv
ot (2)

Where G is shear modulus, shear strain yy,, = du/dv
and n is the viscosity of soil G =&(nf)™t, € is
damping ratio, fis the frequency of shear stress

reversal and t is time. The equation for one-dimensional
wave propagation becomes [21] (Eq.2).

Thy =G Yy +1°

In this part, equivalent linear approximation of

nonlinear stress — strain response in EERA is described
2%u 0%u a3u

Pro =0 5 v g (3)

The analysis is usually performed in frequency domain
because of its high speed in comparison with time
domain analysis (Eq.3). Ground motion is represented
by a Fourier series for a number of frequencies f. Soil
viscosity n is related to the damping ratio Easn =G -
&(m- f)~1. Because of the modulus and damping ratio
non-linear dependence on shear strain magnitude, an
equivalent linear approach is used in the computation in
frequency domain [21].

An increase in d%u/0t? in equivalent one-dimensional
analyses is considered by factoring actual transversal
wave velocities of soil layers in one-dimensional
analyses.

These relationships are commonly referred to as
modulus reduction and damping curves. One of the first
computer programs developed for this purpose was
SHAKE [21]. SHAKE computes the response in a
horizontally layered soil-rock system subjected to
transient and vertical traveling shear waves. SHAKE
assumes that the cyclic soil behavior can be simulated
using an equivalent linear model, which is extensively
described in the geotechnical earthquake engineering
literatures [2].

The width of the hysteretic loop is related to the area,
which is a measure of internal energy dissipation. The
dissipation involves the transformation of energy or
work into heat, by particles friction due to their
movements. A damping ratio ¢ is frequently used as a
measure of the energy dissipation [2].

— WD — 1 . Aloop
4-m-Wy 2-m Gsecant']’c2

§ (4)
Where Wy, is the dissipated energy, W; is the maximum
strain energy, i.e. the area of the triangle in Fig. 1b.
bordered by Ggecant line, the vertical at y. and shear
strain axis; and A, is the area of the hysteretic loop
(Eq.4). Soil parameters Ggecqn: and & are often referred
to as equivalent linear soil parameters.

In the equivalent linear approach, as previously
described in Fig. 1b, the shear modulus and damping
ration are taken as functions of shear strain amplitude
by iterations so that they become consistent with the
level of the strain induced in each layer. The effective
shear strain of the equivalent linear analysis is
calculated as:

Vsff = Ryymax (5)

(Vimax 1S the maximum shear strain in the layer and
R, is a strain reduction factor).

Nonlinear and Hysteretic Model (NERA)

As illustrated in Fig. 2a, [28] and [29] proposed to
model nonlinear stress-strain curves using a series of n
mechanical elements, having different stiffness k; and
sliding resistance R;. Her after, their model is referred to
as the IM model. The sliders have increasing resistance
(i.e,, Ry < R; < ... <Ry). Initially the residual stresses in
all sliders are equal to zero. During a monotonic
loading, slider i yields when the shear stress t reaches
R;. After having yielded, slider i retains a positive
residual stress equal to R;. As shown in Fig. 2b, the
stress-strain curve generated by the IM model for two
sliders (i.e, n = 2) is piecewise linear, whereas the
corresponding slope and tangential modulus H varies in
steps. In the case of an IM model with n sliders, the
stress increment dt and strain increment dy are related
through:
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drt/dy = H (6)
Where the tangential modulus H is:

(Hy= k4
Hy = (ki* + k)™

ifO<T<R,
ifRy<T<R,

H={ Hy ;=K' +k3*+ -+ k2 ) if Ry ST <Rpy (1)
lHn =it + k3 + o+ kL k)T if R, ST <R,
0 ift=R,
f'“:: ; by K . B c
MR A e— | i SR
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Figure 2. Backbone curve (left) during loading and
hysteretic stress-strain loop (right) of IM model during
loading-unloading cycle [11].

As shown in Fig. 2b, the stress-strain curve during a
loading is referred to a backbone curve. When the
loading changes direction (i.e., unloading), the residual
stress in slider i decreases; slider i yields in unloading
when its residual stress reaches - R; , i.e., after the stress
T decreases -2 R;. Instead of yield stress, it is convenient
to introduce the back stress o,: slider i yields in loading
and unloading when t becomes equal to oy + R; and o -
R;, respectively. The IM model assumes that parameters
R; are constant whereas the back stress o, varies during
loading processes. As shown in Fig. 2b, the cyclic
stress-strain curves are hysteretic, and follows Masing
similitude rule [30]. Curve CDEF is obtained from
curve OABC by a simitude with a factor of 2.

The stress-strain curves of the IM model can be
calculated using the algorithm. This algorithm returns
an exact value of stress t independently of the strain
increment amplitude Ay. At first, the algorithm attempts
to calculate the stress increment At using the strain
increment Ay and modulus H;. If t+At< o3 + R
(loading), then t+At is accepted; the stress is smaller
than the yield stress of slider 1. If t+At> a; + Ry, the
strain increment Ay was too large, and the stress t+At
exceeded the yield stress of slider 1; the tangential
modulus of the stress-strain response was H; only for
the stress increment At= a; + R; - T and strain increment
At/H;. The algorithm is reapplied to slider 2, instead of
slider 1, using the remaining strain increment Ay -
At/H;. The algorithm is repeated for other sliders until
t+At becomes smaller than the yield stress of slider j.
Each time, the remaining strain increment referred to as
Ax becomes smaller. At this time, the back stresses of
sliders 1 to j-1 are updated. The algorithm works for
loading and unloading through the use of variable X,

which is set to 1 for loading and -1 for unloading
respectively.

The nonlinear backbone curve of Fig. 2b can be
described in terms a variation of secant shear modulus
G with shear strain vy, especially by n data points, i.e.,
Gi-y, 1 = 1,..., n. In this case, the tangential shear
modulus H;, is related to the secant modulus G;, as
follows:

H; = Gix1Virr=Givi

Yi+177i

Assuming that the back stress «; is initially equal to
zero, Ri is:

i=2,u...,n—1land H, =0 (8)

Ri = GiVi i = 1, e, n (9)

Equations 8 and 9 imply that the maximum shear
resistance is R,, = G,y, i.e., is specified by the last
point of the G —y curve. When the G/Gq — 7 are
specified, then Egs. 8 and 9 become:

Git1YVie1 — Gy
Yi+1 — Vi

,n—1

Hi = Gmax i= 2,

and R; = GpaxGiy; i=1,...,n (10)

Where G; = Gi/Gmax-
Geological and Tectonic Setting

The geology of the area consists of Paleozoic and
Cenozoic-age formations (Fig. 3). The Trakya
formation of the Paleozoic-age is represented by
sandstone, siltstone, and claystone alternations and
forms the basement in the study area. Unconformable
overlying Miocene age deposits are differentiated as the
Cukurgcesme, Gilingdren, and Bakirkdy formations and
constitute clastics, fine-grained and precipitated
sediments, respectively, denoting a fluvial-to-lacustrine
depositional environment. Alluvial deposits are limited
to roughly north-south trending creek or stream
valleys. Based on drill holes by the MARMARAY
Tube Tunnel Project-2005 in the vicinity of the
excavation site, a simplified geological section is
produced (Fig. 4). Aurtificial filling and part of the
Quaternary deposits are located above the present sea
level. At the boundary of the Quaternary and Miocene
deposits, a dark gray-black clay deposit is found in a
small depression-like paleotopographical setting.

We considered it a small swamp, formed on the
floodplain of Lykos Stream along an abandoned
distributary channel, as indicated by tree roots and
abundant plant material.

Based on surface geology investigations and evaluation
of the findings of 107 borings carried out in the area
and its vicinity for various purposes, the local
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geological sequence and soil profile are established.
These studies indicate that Neogene deposits outcrop in
the region which comprises a sequence of strata
unconformable overlying the Lower Carboniferous
greywacke (Trakya fm.) and Eocene limestones
(Kirklareli fm.). The Neogene sequence, deposition of
which started transgressively in Late Oligocene, is
composed of from bottom to top, basal gravel and
conglomerate, interbedded green over consolidated clay
and sand, and in the upper zone, due to a lacustrine

'DIKULE

environment getting shallower at the end of the
Miocene, gray-green sand, organic clay, white/cream
marl and fossiliferous limestone interbedded with clay
(Bakirkéy fm.) as an uninterrupted sequence. Fig. 3
shows the location of the site in the geological map of
Istanbul [32], [33], and Fig. 4 displays the geographical
positions of the borings and the grid overlay used in the
area. The geological map of the study area is given in
Fig. 3.
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The site has widespread outcrops of limestone/marl
inter bedded and transitional with limy clay, belonging
to the Bakirkdy formation, which is 20-30 m thick. The
lithologies forming the Bakirkdy formation are not only
marls and low-strength limestone. It is, in fact, a
sequence of inter bedded sand, clay, marl and
limestone. The underlying Giirpinar formation is
composed of green, fissured, over consolidated clays
occasionally inter bedded with sand layers, only
outcrops in a small area near the northeast end of the
site, as a result of faulting. While the Giirpinar
formation is 40 — 60 m thick towards the north end of
the site, data from water wells up to 250 m deep
confirm that the formation gets thicker towards the
south and southwest and reaches to a thickness of 200
m in the coastal zone. The formation is unconformable
on the Trakya formation in the north and, as shown in
cross-section A-A’ (Fig. 4), unconformable on the
Middle Eocene-Lower Oligocene Kirklareli formation
in the southern half of Zeytinburnu province [34].

The second stage excavations of Istanbul Metro are
carried out generally in Trakya and Gingoren
formation. Trakya formation (TF) consists of
sandstone-siltstone—claystone—shale sequences.
Limestone and conglomerates layers are also rarely
observed. There are diabase and andesite dykes having
some 10 m thickness. In the south of tunnel alignment,
middle-upper age Miocene sediments consists of
Cukurcesme formation containing loose gravel-sand—
silt, Gungoren formation with clay—marn layer and
Bakirkoy formation having limestone with shale and
marl [35]. Many faults and geologic discontinuities
exist in the area due to Alpine Orogenies. The
overburden thickness above the tunnels varies between

AN

— 1

il / ;
Figure 4. MARMARAY structure cross section and boreholes locations [31].

11 and 42 m, and the distance between going—coming
tunnels varies between 30 and 32 m.

The Marmara region is tectonically very active. The
North Anatolian Transform Fault Zone (NAFZ) cuts
across the region in an E-W direction, following the
major axis of the Sea of Marmara. In the region the rate
of right-lateral offset along the NAFZ has been
measured to be about 18 mm/yr [36], [37]. The NAFZ
is widely known to have generated large earthquakes
(M>7) at 125- 150 yr intervals. In the Dizce and
Kocaeli (Izmit) earthquakes of 1999, the lateral offset
along the fault locally exceeded 5 m [38], [39]. The
Istanbul area is a fault block bounded on the south by
the NAFZ and on the north by the South Boundary
Fault of the Black Sea Basin [40], [41]. This fault-
bounded block is forced to rotate anticlockwise due to
the sinistral shear. This rotation is expressed clearly in
the geomorphology; major hills and the valleys trend
obliquely to the two faults, following a long way before
reaching the surrounding seas. Simultaneously with the
anticlockwise rotation, the fault block has been elevated
at a rather slow rate of about 0.2 mm/yr. However,
these tectonically induced slow vertical motions have
not caused radical changes in the study area during the
recent 8000-10,000 yr period. But, some more
remarkable local vertical movements caused by the
activities of the NAFZ cannot be ruled out.

Geotechnical Properties of the Study Area

The dynamic properties of the soils in the area were
evaluated by use of the data obtained from seven
boreholes. The soil classes in the upper 30 m are
dominantly silty sand and clays of high/low plasticity.
These evaluations underline poor engineering
conditions of soils beyond Southern Coasts of Istanbul.
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A basic statistical evaluation of the soil property
database will be utilized to better characterize the soils
in the area. From the Fig. 4 it can be reliably expounded
that the dominant characteristic of the soils are
silty/clayey sand, sandy/gravel, gravel and clays of
high/low plasticity.

MARMARAY line, from BH-119 borehole to until
BH-130A boreholes are located in Giingéren formation
also to The Marmara Sea from BH-130A borehole is
located in the Thrace formation. On the fault zone in
the Thrace formation is clearly observed the intensity of
tectonic deformation in the region. Accordingly, BH-
107, BH-119 and BH-123 boreholes are comprised
from sand, clay and gravel mixtures. BH-126, BH-130-
A, BH-134 and BH-146 boreholes after deep the 30 m
are composed of mudstone, claystone and sandstone.

The Linear and Nonlinear Site Response Analyses of
the Study Area

Istanbul is the largest city in Turkey and the area has
experienced high levels of earthquake ground motion.
Four earthquakes of M 7.6 (1509, 1719, and 1766) and
M 7.0 (1894) situated in the Marmara Sea have
generated intensities up to X—XI in the city Following
the 1999 Kocaeli earthquake, the high probability of a
large event affecting Istanbul in the near future has
been put forward by various researchers [42], [43].
There are two main hypotheses about the rupture
characteristics of this event. [44] argue that a large
magnitude earthquake (Mw 7.6-7.7) caused by a 175
km through going rupture of the so-called Main
Marmara Fault (northern strand of the North Anatolian
Fault in the Marmara Sea) will take place in the near
future. On the other hand, based on their observations
on submarine fault scarps in the Marmara Sea, [45]
argue that the 1912 Ganos -earthquake on the
westernmost on-land segment of the Main Marmara
Fault crossed the Ganos restraining bend into the Sea of
Marmara for 60 km with a right-lateral slip of 5m,
ending in the Central Basin step-over. These findings
result in a total rupture length of 140 km for the 1912
event, contradicting the 50 km on-land rupture,
previously suggested by [46].

[47] made a comprehensive deterministic approach to
the earthquake hazard in istanbul city. Therefore, the
scenario earthquakes were computed by deterministic
seismic hazard analysis integrated with time-dependent
probabilistic hazard assessments by [48] and [49].

Obtain the site response results, analyses are conducted
by use of EERA and NERA softwares in this study.
The EERA and NERA softwares are in spreadsheets
format and has the ability to include unlimited dynamic
soil models in soil response calculations by one
dimensional linear and nonlinear methods. A damped
linear elastic model and nonlinear analyses are used to

demonstrate the nonlinear behavior of the soil layers.
The stress—strain properties of the soils are instructed
by use of the relationships expressing the change of
shear modulus and damping with the shear strain level.
Thus, the soil profiles were prepared from the database
for the calculation of average shear wave velocities.

Selection of Ground Motion Records

The studied sites are subjected to ground motion caused
by events originated in the plate inshore seismic zones.
One acceleration record from in plate zones were
selected for the site response analysis of the soil
deposit. The earthquake Kocaeli 1999, with PGA
(magnitude = 7.4 Mb) value of 0,04287 g, at Prime
Ministry Disaster & Emergency Management
Presidency Istanbul Station (PMDEMPIS) for site, the
Fourier spectra is shown in Fig. 5.
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Figure 5. Record of accelerograph of horizontal
component of The earthquake Kocaeli 1999 at
IBMPWS station obtained from PMDEMPIS online
virtual data center.

Local soil is mainly sandy clay and clays of high/low
plasticity poorly graded but usually very dense. It can
be seen that these time histories present relatively high
frequencies, high accelerations and long durations as it
is common in this region.

Input time history are applied on each of the soil
profiles by the EERA and NERA softwares to obtain
the site responses, and the resulting database consisted
of dynamic soil behavior, including spectral
acceleration-time variation as well as its maximum.

Spectral Accelration (3)
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Figure 6. Exemplary surface spectral acceleration—
period relationships belonging to various boreholes of
the investigation area and comparison of the
earthquake Kocaeli 1999 elastic behavior acceleration
spectrums with Turkish Earthquake Regulation
Spectrums (2007 elastic medium, EERA and NERA).

Seven exemplary surface spectral acceleration—period
variations from different boreholes are given in Fig. 6.
Borings in separate grids were evaluated under the
given input time history and the maximum spectral
acceleration against period variation is determined in
each boring location. During past earthquakes, the
ground motions on soft soil sites were found to be
generally larger than those of nearby rock outcrops,
depending on local soil conditions.

[50] made a comprehensive deterministic approach to
the earthquake hazard in Istanbul city. By Istanbul
Metropolitan Municipality (IMM) for Istanbul city
earthquake scenario was constructed by the method of
Kobayashi-Midorikawa. The study included a
comparison of fifteen different earthquake scenarios.
Comparison of these scenarios led to the conclusion
that an earthquake which is probable to occur on NAFZ
will generate ground motions having a magnitude of
approximate Mw = 7.5, radiating an energy level
greater than those of the rest of the scenarios [51]. In
order to obtain the site response results, analyses are
conducted by use of EERA [10] and NERA [11]
softwares.

Modeling of Profile Geometry and Soil Properties

Generalized soil profiles were established from the
borehole drilled at BH-107, BH-119, BH-123 BH-126,
BH-130A, BH-134 and BH-146 boreholes. The wells
are located along the MARMARAY line. All boreholes
are located in alluvial soil. Because of the lower shear-
wave zone and the lower shear strengths values were
measured in boreholes. Modulus of rigidity or shear
modulus can be explained using elastic properties of
soil layers. Shear modulus of soils for the site analysis
is determined by [16].

EERA and NERA programs obtained change of max
shear stress with depth are shown in Fig. 7.
Accordingly, the max shear stress-depth change in BH-
126, BH-130A, BH-134 and BH-146 boreholes are seen
in the range of 25 kPA-50 kPA in EERA method. If the
method of NERA, the max shear stress-depth change in
BH-123, BH-126, BH-130A, BH-134 and BH-146
boreholes are seen in the range of 20 kPA-40 kPA.
Moreover, BH-107, BH-119 and BH-123 boreholes are
in low acceleration category in EERA. If the method of
NERA, BH-107 and BH-119 boreholes are in low
acceleration category. According to Fig.8, change max
shear stress-depth of these boreholes are monitored in

the range of 16 kPA-20 kPA in EERA method, 10 kPA-
15 kPA in NERA method.

Focusing on Fig. 8, it can be stressed that the alluvial
region near The Marmara Sea, soils especially under
Kazligesme, Yenikapt and Zeytinburnu district the
lowest shear wave velocities, ranging between 0-100
m/s. The shear wave velocity (Vsz) variation of the
soils given in Fig. 8 enlightens the reason of the low
strength of the soils in the area, which is dominancy of
these soil classes. Shear wave velocities of upper 65 m
are between 194-518 m/s at BH-107, BH-119 and BH-
123 boreholes. Shear wave velocities for layers deeper
than 20 meters are between 782—2173 m/s at BH-126,
BH-130A, BH-134 and BH-146 boreholes.
Furthermore, outcropping bedrock in the BH-134 and
BH-146 boreholes are probably the reason of the V
values between greater than 950 m/s. MARMARAY
route constitutes the basis of the Thrace formation.
Some boreholes into this formation extend.

The shear modulus increases drastically from 140 MPa
to 240 MPa at depth of 35 meters and decreases
drastically from 240 MPa to 140 MPa at depth of 20 m
at BH-130A borehole, and shear modulus decreases
from 200 MPa to 160 MPa at depth of 17 meters at BH-
107 borehole. Furthermore, the shear modulus increases
dramatically from 480 MPa to 1300 MPa at depth of 54
meters at BH-126 borehole. Accordingly, the shear
modulus increases dramatically from 50 MPa to 6500
MPa at depth of 34 meters at BH-134 borehole and
from 400 MPa to 1800 MPa at depth of 22 meters at
BH-146 borehole (Fig. 8).

According to the results of the EERA method solution;
The amplitude ratios (1.3-8 ratio) values of acceleration
are seen to be different in boreholes. The amplitude
ratios of the BH-107, BH-119 and BH-123 are low.
However, other boreholes, the amplitude ratios are high
(3-8 ratio) (Fig.9). Frequency of maximum
amplification (Hz) and maximum amplification values
are given in Table-1. Frequency of maximum
amplification (Hz) in BH-123 borehole is high (7.4 Hz),
BH-126 borehole is low (2.0 Hz). Similarly, maximum
amplification in BH-130A borehole is high (7.83), BH-
119 borehole is low (1.23).

According to the results of the NERA method solution;
The amplitude ratios (1.4-8.5 ratio) values of
acceleration are seen to be different in boreholes. The
amplitude ratios of the BH-107, BH-119, BH-130A and
BH-134 are low. However, other boreholes, the
amplitude ratios are high (5.5-8 ratio) (Fig. 9).
Frequency of maximum amplification (Hz) and
maximum amplification values are given in Table-1.
Frequency of maximum amplification (Hz) in BH-126
borehole is high (49.7 Hz), BH-126 borehole is low
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(8.05 Hz). Similarly, maximum amplification in BH-
123 borehole is high (36.27), BH-119 borehole is low
(2.0).

The Fourier response in the form of spectra
indicates the ideal situation of variation in
amplitudes at different frequencies. BH-146 borehole
away from these two wells is over and marine
sediments.

Therefore, the spectral acceleration values are high. In
addition, Fig. 10 demonstrates the variation of peak
spectral acceleration values in the investigation area.
Calculated surface spectral accelerations in the area
ascend to 0.80 g, and the observed lowest value is 0.15
g. with EERA method. If the method of NERA,
calculated surface spectral accelerations in the area
ascend to 0.65 g, and the observed lowest value is 0.16
g. Because, these wells are located in the area of
marine sediments. Analyzing the Table-1, it is seen that
majority of BH-130A and BH-134 boreholes are in
high acceleration category.

According to the EERA and NERA methods, they are
understood that majority of BH-130A, BH-134 and
BH-146 boreholes are under high ground shaking risk

shoreline to Marmara Sea and creek beds are under the
threat of relatively medium to low ground shaking risk.
Small areas of relatively low ground shaking risk are
observed in BH-107, BH-119, BH-123 and BH-126
boreholes.

Conclusions

MARMARAY is a very large project for istanbul. A
million people carrying capacity per day is a railway
project. The construction of such a major project, could
be planned the largest earthquake in the region. The
study area due to NAFZ has a very high seismic risk.
To obtain response spectra for design of structures the
spectral acceleration values for layers deposited at the
sites were defined using computer programs EERA and
NERA. MARMARAY project is many boreholes
drilled. However, the seven boreholes were examined
in this study.

Hence, PS logging and Vs measured in seven boreholes
were transferred to EERA and NERA softwares. Then,
calculated by the EERA and NERA softwares soil

(Table 2). Additionally, individual areas in the

Boreholes BH-107 BH-119 BH-123 BH-126 BH-130A BH-134 BH-146
EERA | NERA | EERA | NERA | EERA | NERA | EERA | NERA | EERA | NERA | EERA | NERA | EERA | NERA

Maximum 158 | 288 | 123 | 200 | 173 | 3627 | 287 | 1101 | 783 | 296 | 605 | 258 | 516 | 526

Amp.

Freq.  of | 28 8.05 24 | 1892 | 74 | 4868 | 20 | 4970 | 26 | 2862 | 28 | 1715 | 38 | 1233

Max. Amp.

(Hz)

Table 1. Maximum amplification and frequency of maximum amplification (Hz) of boreholes
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Figure 7. Max shear stress variation with depth of the boreholes (Results of the 1D ground response analysis
performed with EERA and NERA)
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Figure 8. G- depth and shear stress - depth variation graphics of the boreholes (from EERA and NERA)
Table 2. Max Period (s) and max spectral acceleration (g) of boreholes
Boreholes BH-107 BH-119 BH-123 BH-126 BH-130A BH-134 BH-146
EERA | NERA | EERA | NERA | EERA | NERA | EERA | NERA | EERA | NERA | EERA | NERA | EERA | NERA
Max Period (s) 0.21 0.21 0.36 0.37 0.21 0.23 0.21 0.53 0.37 0.37 0.37 0.37 0.23 0.25
Max Spectral 0.22 0.24 0.15 0.16 0.21 0.24 0.25 0.22 0.80 0.65 0.66 0.64 0.44 0.45
acceleration
(9)
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Figure 9. Amplitude ratio values of acceleration in boreholes (comparative EERA and NERA).
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Table 3. The calculated maximum values of boreholes.

Time Domain

Frequency Domain

Borehole Acceleration Particular
Number (9) Velocity
(m/s)

Displacement

(m)

Spectral Dominant Period

Acceleration (s)

()]

17 Aug Kocaeli earthquake acceleration record of 0.04287 g was measured at the IBMPWS

BH-107 0.062 0.002

0.031

0.22 0.21
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BH-119 0.044 0.001 0.026 0.15 0.36
BH-123 0.065 0.003 0.037 0.22 0.21
BH-126 0.066 0.003 0.043 0.25 0.21
BH-130A 0.138 0.004 0.073 0.80 0.37
BH-134 0.117 0.003 0.064 0.66 0.37
BH-146 0.103 0.001 0.038 0.40 0.26

parameters and behavior acceleration spectrums are
compared with Turkish Earthquake Regulation.

The results obtained from the geological and
engineering investigations have provided useful
information regarding the physical and engineering
properties of the surface soil samples as well as
alluvium and land-slide materials at dam site and
reservoir area. EERA and NERA calculations have
produced plenty of data describing the response of the
boreholes under 17 August Kocaeli earthquake, where
the results can be processed in several boreholes.
Therefore, the joints between stations are important but
weaker parts of the earthquake-resistant design of the
MARMARAY tunnel. Not only must they have
superior anti-deformation properties, but they are also
observed to prevent unacceptable deformation under
seismic loading. Hence, more attention should be paid
to seismic response analysis of the flexible joints.

According to spectral acceleration-period graphics,
there is a difference 300 m/s velocity between down
layer and top layer in BH-130A borehole in EERA
methods.  Similarly, there is a difference 700 m/s
velocity between down layer and top layer in BH-134
borehole, there is a difference 1900 m/s velocity
between down layer and top layer BH-146 borehole.
Spectrums of BH-126, BH-130A, BH-134 and BH-146
boreholes show similar features (Fig. 10).

With regard to NERA method there is a difference
~100 m/s velocity between down layer and top layer in
BH-107 borehole. Similarly, there is a difference
~1400 m/s velocity between down layer and top layer
in BH-134 borehole. Also, spectrums of BH-119, BH-
130A and BH-134 boreholes show similar features; on
the other hand BH-107, BH-126 and BH-146 boreholes
show similar features (Fig. 10).

At the location of stations connections where there are
joint points, Fig.8 illustrates the lower shear strengths
values of tunnel build when the seismic waves are
propagating along all over directions, lower shear-wave
zone when the seismic waves are propagating along all
over directions. Due to the alteration of the soil,

surface layer thickness is 3-5 m. The impact of the
building on the soil has been ratio of 5 %.

According to EERA method, dominant period from
0.36 s to 0.37 s are increasing in BH-119, BH-130A
and BH-134 boreholes. If the method of NERA,
dominant period from 0.37 s to 0.53 s are increasing in
BH-119, BH-126, BH-130A and BH-134 boreholes.
Therefore, this area is expected to become more
dominant low frequency S waves. The largest
maximum accelerations were measured in the BH-
130A borehole to EERA method, in the BH-119
borehole to NERA method. Similary the lowest
maximum acceleration was measured in the BH-119
borehole to EERA method, in the BH-119 borehole to
NERA method.

Accelerations of the BH-130A, BH-134 and BH-146
boreholes at the time domain same results were scaled
in both EERA and NERA methods. In both methods,
maximum accelerations are input acceleration (0,0426
g) increase (1-2 storey). In acceleration the largest
amplification (0.138 g) is in BH-130A borehole to
EERA method (Table 3). Similary in acceleration the
largest amplification (0.120 g) are in BH-130A, BH-
134 and BH-146 boreholes to NERA method (Table 3).

On the other hand amplification ratio-frequency
graphics for each borehole in Figure 9 reflect
approximate vibration frequency values of the soil
layers from the free surface to the deep end of the
borehole, as apparent from the comparison of Figures 4
and 9. Maximum amplification ratios for BH-126 and
BH-123 boreholes increase to 8 as compared to BH-119
and BH-130A boreholes having value of 2 in NERA
method, because the former boreholes were drilled
within the consolidated green clay layers. Similarly,
maximum amplification ratios for BH-130A and BH-
134 boreholes increase (within the fault zone) to 6-8 as
compared to BH-107, BH119 and BH-123 boreholes
having value of 2 in EERA method, because the former
boreholes were drilled within the consolidated green
clay and tight sand layers.

Therefore, this area is of low frequency S wave. The
largest maximum acceleration was measured in the BH-
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130A (in EERA) borehole. Large spectral amplitudes
shift larger periods because EERA and NERA analysis
has been carried out using a relatively far seismic
source, namely the 17 August 1999 Izmit earthquake
(Mw=7.4). The effective peak acceleration is 0.3 g; the
fundamental period is about 0.15-0.53 s for the long
distance scenario earthquakes. These period intervals
are characteristic for the Z3 type of soil (Tpo = 0.15 s
and T = 0.60 s) given in the Earthquake Design Code
of Turkey [51]. The width of the spectrum is dominated
by the local soil type and the effective ground
acceleration determines the peak value of the spectral
acceleration between the short and long characteristic
periods. Based on these plots a slightly modified design
spectrum of Z3 type of soils is proposed as shown in
Fig. 6 with colored lines.

The lowest maximum acceleration was measured in the
BH-119 borehole. For an input acceleration value of
0.0426 g, maximum accelerations of the BH-130A,
BH-134 and BH-146 boreholes in the time domain are
obtained to be between 0.42-0.65, indicating
amplifications in the order of ten folds. These boreholes
are considered to be located within the fault zone
(Table 3).

Since fundamental periods of boreholes labelled as BH-
119, BH-130A and BH-134 are 0.37 s, sites of these
boreholes are in Z3 soil class. On the other hand BH-
130A and BH-134 boreholes are within the fault zone
and their accelerations values are obtained to be high
such as 0.64-065 g. Within the boreholes under
investigation, the maximum fundamental period value
(0.53 s) is estimated for BH-126 and the site of this
borehole, therefore, is deemed suitable as Z4 soil class.
The periods of the other boreholes (e.g. BH-107, BH-
123 and BH-146) are in the range 0.21-0.25 s and their
sites are classified as Z2 soil class.
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Abstract

Polyols in polyurethane production is of great importance. The future will increase the production of polyols from
renewable sources. The result of the reduction of fossil fuels will be important in the use of renewable resources.
Especially important alternative which will expand polyols production from vegetable oils. Polyols derived from
vegetable oil will be produced by epoxidation, hydroxylation and purification.

In this study, some vegetable-oil based polyols were produced from the different wastes vegetables oils with the
catalysts. The produced polyols compared with commercial polyols with rheological properties as viscosity,
temperature, shear stress, shear rate. The rheological properties of the polyols were modelling with general
equations based on experimental data.

Polyurethane produced from waste vegetable oil-based polyols and investigated density and effective thermal

conductivity.

Keywords: Waste Vegetable Oil-Based Polyols; Polyurethane; Rheological Properties; Modelling

1. Introduction

Polyurethane, low thermal conductivity, easy to use,
flexibility, high mechanical strength, it is preferred in
many fields. Polyols are the most important raw
materials in the polyurethane industry. But the world's
oil supply is decreasing rapidly with each passing day.
Therefore, an inquiry from renewable sources that can
replace the petroleum-based polyol. The common view
is that the natural plant and animal oils of alternative
raw materials.

Studies in the literature have epoxidized oil-based
polyether polyol instead of soy-based polyols were
produced using the vegetable oil.

Compared to petroleum-based polyols in polyurethane
production from vegetable oil polyol produced with a
smaller amount of isocyanate used. The polyurethane
produced with the polyol produced from vegetable oil
decreased compression resistance [8].

The polyurethane material in the work they added
crystallized calcium carbonate and silica particles. It
has been shown to become smaller the size of filler by
adding the closed spherical cells. Mechanical properties
of polyurethane materials were modeled. Moreover, the
effect of the particle size of the filler was investigated
[11].

Wood powder was added as filler to the polyurethane
derived from castor oil-based polyol. The polyurethane
of the swelling time was compared with commercial
polyols, and castor oil-based polyols. Increasing the
filler had negative impact on the effective thermal
conductivity. Effective thermal conductivity compared
to commercial polyurethane material of the castor oil-
based polyurethane material has been found to be
lower. Increasing the filler has negative impact on the
effective heat transfer coefficient. Density polyurethane
material has been found to be between 36 and 39 kg/m°.
TGA value of the thermal stability of the castor oil-
based polyurethane material has been found to be more
commercially polyol product [12].

Boron organic compounds were used as filler in
polyurethane production. Boron organic based -
polyurethane compounds were observed that decrease
with the increase friability. Boron organic compounds
rates were seen to increase with the increase of
compressive strength. The softening temperature has
been found that increasing the content of boron organic
compounds fell from 230 ° C to 180 ° C [16].

The goal of this study is to determine the rheological
properties and modeling for polyols and the viscosity to
each waste vegetable oil based-polyols are measured at
different temperatures (25, 30, 35, 40, 45 and 50 °C) by
using a rotary viscometer (Brookfield DV-II). Samples
were sheared with several different rotational speeds at
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an increasing order. One of the most important
parameters required in the design of technological
processes in polyurethane industries the viscosity of
raw materials. Data obtained for apparent viscosity and
rotational speed were used to describe the flow
behavior by the model equations both in the forward
(increasing shear rate) and backward (decreasing shear
rate) - measurement.

2. Material and Methods

The polyols are produced from the waste vegetable oils
in three consecutive steps which are epoxidation,
hydroxylation and purification. The temperature of the
system is kept under the control in order to keep
temperature at certain value. When it is reached to the
desired reaction temperature, the peroxides are added
into the vegetable oils in acidic medium by the aid of
dropping funnel in the certain time.

After the reaction is completed, the mixture is taken
into separatory funnel and after for a while the mixture
separates in two phases with the upper phase of the
epoxidized vegetable oil. After the epoxidation step,
neutralization with water and the hydroxylation starts.
Especially hydroxylation with alcoholysis is frequently
preferred in the production of polyols. The purification
process is being carried with rotary evaporator to get rid
of impurities such as water, heptane and etc. The
polyols produced from the vegetable oil are being used
in the production of polyurethane by checking the
number of hydroxyl. The structures of the hydroxyl
compounds were investigated with the FTIR
spectrometer. The polyurethane was produced from the
different vegetable oil-based polyols and commercial
polyols. The characteristic properties of the
polyurethane such as thermal conductivity, the
structures of porosity, density were determined. The
polyurethane produced from the different vegetable oils
is being compared one another in terms of thermal
properties.

The improvement in the thermal properties of
polyurethane is quite important in terms of energy
efficiency since polyurethane is used for insulation in
the building. Therefore, the thermal properties of the
polyurethane produced from the vegetable oils have
tried to improve by using different type of catalyst.
Polyurethane catalysts help to improve the mechanical
and thermal properties and are asked to contribute to
the economy by reducing dependence on foreign raw
materials towards polyol synthesized from vegetable
oil. It also created to compare the actual results with
theoretical models and the damage to the environment
of raw materials used in production are intended to
minimize.

In this study the viscosities of the polyols produced
from different the vegetable oils were measured by

using a rotary viscometer (Brookfield DV-II) at
different temperatures (25, 30, 35, 40, 45 and 50 °C).
Samples were sheared with several different rotational
speeds (2.5, 5, 10, 20, 30 and 50 rpm) at an increasing
order. Data obtained for apparent viscosity and
rotational speed were used to describe the flow
behavior by the model equations.

3. Mathematical Models

Brookfield rotational viscometer (Model DV-II,
Brookfield Engineering Laboratories) equipped with
spindle 21 was used. Enough samples nearly 8 mL in
the beaker were used to immerse the groove on the
spindle with guard leg. Temperature was kept constant
using thermostatically controlled electrical system.
Shear rate (y) and shear stress (t) were read from
viscometer directly. Shear stress and shear rate can also
be calculated by using Eqg. (1), (2) and (3).

v=B.N )
T=y )
T=k(y" @)

Where; N is rotational speed (rpm), T is shear stress
(Pa), W is the apparent viscosity (mPa. s), k is the
consistency coefficient (mPa.s), n is flow behavior
index and B is coefficient (dimensionless).

ulinear =AT+B (4)
Hexponential = C.exp(D.T) (5)
— F
Mpower = ET (6)
|Jlogarithmic = Gln(T) +H (7)
— 2
Upolynomial =ILT"+JT+K (8)
Hnew = €Xp(-T) +a.T +b 9)
4. Figures and Tables
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soybean oil-based polyols (S), comparison with model
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Figure 8. Shear stress vs shear rate for different
vegetable oil-based polyols

Table 1. Correlation coefficients for linear model

Polyols A B R’

Soybean | -9.6579 | 3058.5 0.9702
Cotton -7.9912 | 2508.7 0.9855
Corn -1.9308 | 643.23 0.9588
Hazelnut | -5.8209 | 1793.2 0.9567
Canola -2.1367 | 707.18 0.9296
Linseed | -4.4974 | 1355.3 0.9929

Table 2. Correlation coefficients for exponential model

Polyols C D R’

Soybean | 2.10° -0.109 | 0.7668
Cotton | 5.10% -0.113 0.7897
Corn 2.10%° -0.065 0.8920
Hazelnut | 4.10™° -0.131 0.7809
Canola | 1.10° -0.056 | 0.9653
Linseed |5.10% -0.283 0.9066

Table 3. Correlation coefficients for power law model

Polyols E F R’

Soybean | 6.10% -32.56 | 0.7542
Cotton | 7.10% -33.85 0.7809
Corn 4.10% -20.11 0.8773
Hazelnut | 1.10°’ -38.55 0.7717
Canola |2.10* -17.19 0.9593
Linseed |4.10°® |-83.01 0.9044

Table 4. Correlation coefficients for

Polyols G H R’

Soybean | -2906 16736 0.9667
Cotton -2400 13798 0.9830
Corn -601.1 3492.4 0.9600
Hazelnut | -1721 9862.8 0.9524
Canola -663.2 3848.3 0.9404
Linseed | -1335 7619.5 0.9935

logarithmic model

Table 5. Correlation coefficients for polynomial model

Polyols | J K R°
Soybean | -0.095 | 47.629 | -5576.5 | 0.979
Cotton | -0.105 | 55.433 | 7025.3 | 0.995
Corn | 0.006 | -5.377 | 1179.4 | 0.961
Hazelnut | -0.144 | 79.46 | -10842 | 0.987
Canola | 0.039 | -26.51 | 4465.6 | 0.994
Linseed | 0.132 | -82.93 | 12991 | 0.998

Table 6. Correlation coefficients for new model

Polyols a b R®
Soybean | -9.65795 | 3058.480 | 0.9996
Cotton | -7.97888 | 2505.030 | 0.9997
Corn -1.93083 | 643.2298 | 0.9998
Hazelnut | -5.82090 | 1793.152 | 0.9998
Canola | -2.13662 | 707.1342 | 0.9997
Linseed | -4.49741 | 1355.300 | 1.0000

5. Results and Discussion

In this study, the temperature dependence of the
viscosity of the vegetable oil-based polyol; model
equations compared with experimental data. In
Figures: 1, 2, 3, 4, 5, 6 and 7; the variation of
apparent viscosities of polyols as a function of
temperature were compared with model equations
and experimental results. Operating temperatures
of the assay were measured by raising temperature
stepwise in a water bath. Waste vegetable oil-based
polyols were measured by different rotational speeds
(2.5, 5, 10, 20, 30 and 50 rpm) at an increasing order.
According to the experimental results regression
coefficients of model equations (4), (5), (6), (7),
(8) and (9) were determined.

In this study, variations of viscosities of soybean
oil, cottonseed oil, corn oil, hazelnut oil, canola oil,
linseed oil-based polyols and commercial polyols
were determined a function of temperature. It is
known that the viscosity of the fluid decreases as
temperature increases. The tested polyols showed
Newtonian and non- Newtonian fluids behavior at
certain temperature range.

As can be seen in Figures (1), (2), (3), (4), (5), (6)
and (7) the viscosities of all types polyols
irrespective of their production sources decrease
substantially with increasing temperature. Heating
may rapture molecular entanglement and bonds
may stabilize the molecular structure and reduce
the effect molecular volume in the polyols. In other
words, as temperature increases, thermal energy of
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molecules increases and molecular distance
develop due to reduction of intermolecular force
and hence viscosity of fluid decreases. When
thermal energy of molecules increases, molecular
entanglement aligns easily and molecular structure
stabilizes quickly since the molecules with high
thermal energy move over one another easily.

As can be seen in Figure 8 the highest viscosity
belongs to the commercial polyols while the lowest
viscosity belongs to the polyol obtained from the
raw hazelnut oil. The viscosities of polyols from
high to low can be put in order as pc > pea > s >
Hes > He > ML > Heo > M, Nere pe, Hea, Hs, Hes, Hey KL
Lo and p, denote the viscosities of commercial
polyol and polyols obtained from raw canola oil,
soybean oil, cottonseed oil, linseed oil, corn
(maize) oil and raw hazelnut oil, respectively.
Furthermore it can been seen that all types of
polyols show almost Newtonian behavior.

The regression coefficients and correlation
coefficients of each model equation for each polyol
obtained from different vegetable oils are given
Tables 1, 2, 3, 4 and 5. As can be figured out from
comparison of Tables, high values of R-squared
were obtained for polynomial model irrespective of
polyols obtained sources. Moreover, the developed
new model has the highest values for R-squared.

Several types of polyurethane structures were
produced with the waste vegetable oil based
polyols. The effective thermal conductivities of
these structures were measured. The influences of
the thermal conductivity of polyurethane, the
porosity, the size and spatial distribution of pores
on the effective thermal conductivity of these
structures were analyzed. The results indicated that
the effective thermal conductivity of the
polyurethane varied between 0.020 W/m K and
0.030 W/m K. Effective thermal conductivity was
measured with TLS 100 instrument according to
method of ASTM D5334.

In addition, density of polyurethane samples
produced from vegetable base-polyols were
measured to be 18 and 55 kg/m°. Density is
inversely proportional with effective thermal
conductivity.

The petroleum-based polyols and vegetable-based
polyols have different hydroxyl numbers, which
were used to produce polyurethane. Waste
vegetable oil based polyol in different ratios were

added into the petroleum-based polyols. The
mechanical properties of the polyurethane
produced in the present study decreased with
increasing waste vegetable oil based polyol ratios.
In the experimental study, the hydroxyl numbers of
vegetable-based polyols were optimized by
varying temperature, reaction time and catalyst.

Waste vegetable oil-based polyols increases the
number of hydroxyl groups and thus polyurethane
bonding becomes stronger.

The temperature dependent-apparent viscosity of
vegetable oil-based polyol; model equations and
experimental data were compared with one
another.

The operating temperature of the assay was
measured by raising temperature stepwise in a
water bath. According to the experimental data; the
linear and non-linear regression were made to
determine coefficients of regression in the model
equations.

Abbreviations

H: Hazelnut oil-based polyols
Ca: Canola oil-based polyols

L: Linseed oil-based polyols

Co: Corn oil-based polyols

Cs: Cottonseed oil-based polyols
S: Soybean oil-based polyols

C: Commercial polyols

W: Apparent viscosity (cP)

v: Shear rate (1/s)

T: Shear stress

N: Rotational speed (rpm)

k: Consistency coefficient (mPa.s)
n: Flow behavior index

B: Coefficient (dimensionless)
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Abstract

Currently worldwide studies are being done on the utilisation of lignocellulosic materials or biomasses as
substitutes of fossil fuels to afford energy needs of today’s world. Pyrolysis is one of the most promising techniques
for apprising biomass into economically viable renewable fuels. In this work, pyrolysis behaviour of pine sawdust
was investigated experimentally in a fixed bed system with mass measurements under nitrogen as sweeping gas.
The main objective was to interpret mass loss of pine sawdust during pyrolysis at varied heating rates and to
estimate kinetic constants using the best mathematical model among the popular solid phase decomposition
models. Regression tests are separately applied to conversion data for 473 — 593 K and 593 — 773 K temperature
ranges, corresponding respectively decomposition of hemicelluloses and cellulose, and cellulose and lignin. The
quality of fit increased with heating rate and none of the proposed models had any superiority to others. The
results implied that volatiles evolution during pyrolysis was increasingly controlled chemically with heating rate.

Keywords: Pine wood, pyrolysis, kinetics, fixed bed

1. Introduction

Depletion in the fossil fuel reserves, considerations
about global warming and environmental pollution
caused by fossil fuel usage has persuaded the efforts to
seek renewable energy options worldwide. Biomass can
be looked upon environmentally-friendly and
sustainable energy source to reduce net carbon
emissions [1,2]. Some benefits on the environment can
be acquired from the ease of use of agricultural and
forest residues and the raw materials involving them. If
the bio-wastes are not handled properly, they may
create major environmental problems [3].

Thermochemical conversion processes such as
combustion,  gasification and  pyrolysis  of
lignocellulosic biomasses have received very much
attention as methods for renewable energy and fuel
production during the last decades [4]. These
technologies, which come wusually into mind in
environmental issues, furnish perfect ways in the
utilisation of agricultural and forest wastes for
supplying energy. Lignocellulosic biomasses are
usually heterogeneous materials of complex chemical
structure. Because their physical and chemical
compositions vary over a wide range depending on the
source, the applicability of thermo-chemical process
technologies has become more complicated. For

example, wood is composed of hemicelluloses,
cellulose and lignin which decompose respectively 225-
325 °C, 305-375 °C and 250-500 °C temperature ranges

[5].

Among the processes, pyrolysis has received major
consideration because it is not only a one-step process
but also first stage of combustion or gasification
processes. During pyrolysis, the macromolecules of
biomass are decomposed to form a bio char while
concurrently evolving condensable vapours (liquids)
and gas of lighter molecular mass than the parent
molecules. The liquids and gases obtained can be used
as fuels where their composition and heating value are
appropriate [6]. Thermal decomposition Kinetics of
biomass is of prime importance in conversions for
energy and secondary renewable products to design
effectively any thermo-chemical process [7].

Thermal decomposition reactions during pyrolysis of
wood can be tracked by measuring continuously its
mass loss as in a traditional Thermal Gravimetric
Analysis (TGA) and quantitative methods developed
for reaction chemistry can be applied to obtain kinetic
parameters of reaction order, activation energy and pre-
exponential factor [8]. These parameters are functions
of heating rate, material size, moisture content and
heating medium. Thermal analysis results are
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dominantly used factors to form the reactivity
equations. Although the magnitude of pre-exponential
factor depends on the nature of decomposing material,
activation energy is affected considerably by heating
rate. For this reason, reactivity of wood is usually
expressed by its own activation energy [9]. With the
growing concern given on biomass pyrolysis for
conversions into renewable fuels, immense literature on
the wood decomposition kinetics has accumulated
during the past decades. Although TGA instruments are
sophisticated devices for decomposition kinetics of
samples as few amounts of solid powder, which may in
some instances not be representative of whole material,
valuable results could be obtained with larger amounts
than those used in TGA. It is therefore, the objective of
this work to track the mass of decomposing biomass
during pyrolysis and use the data to elucidate the
suitability of the mathematical models given in
literature until now.

2. Material and Methods

Pine wood chips for this study were supplied from a
local wood workshop in Elazig. After grinding, they
were sieved and 16 + 35 mesh size is retained for the
experiments. Mass data during pyrolysis of sample was
obtained using the system shown in Figure 1. The
heating chamber consists of an electrically heated
35mmIDx90mmOD 120 mm length vertical chamber of
refractory block holding heating elements. A
20mmIDx22mmOD 250mm length quartz tube was
situated into the chamber. At the inlet, the tube has a
circular refractory lid with 10 mm diameter hole which
held a bended glass tube for entrance of nitrogen as
sweeping gas. Quartz tube has a 14 mm diameter
stainless steel wire mesh basket inside, fitted to top end
of a 1.4 mm diameter and 250 mm length vertical
stainless steel rod. The bottom end of the rod is fitted to
a square stainless steel plate standing on a top balance
of 0.001 g accuracy. To prevent condensation of the
pyrolysis vapours on the balance, bottom end of the
guartz tube has a glass adapter whose diameter decrease
smoothly to 6mm towards the rod.

Before the experiments, refractory lid of quartz tube
was removed and 1.00 g pine wood sample was
dropped on the basket using a glass funnel. After
reassembling the lid, nitrogen flow (100 ml.min™.) was
allowed to pass through the quartz tube for 5 min. After
that, heating of the chamber was started and first mass
reading was taken. The mass recordings during
pyrolysis were made at 2 min. intervals. Heating and
temperature control of the chamber were accomplished
by using a variable output voltage transformer which
powers a PID programmable temperature controller
with a NiCr thermocouple positioned at the same level
with the basket in the quartz tube. Nitrogen flow was

maintained throughout the run. Heating rates of 5, 10
and 15 °C /min. were applied in the separate runs.
Pyrolysis was continued 15 min. after heating the
chamber to the final 500 °C temperature. After that
heating was stopped and the system was left to cool
under nitrogen flow. The basket was removed and mass
of pyrolysis residue on the basket was weighted to
compare to the last mass readings.

Figure 1. Experimental system; 1, variable output
transformer; 2,  temperature  controller; 3,
thermocouple; 4, flow meter; 5, vertical furnace; 6,
quartz tube; 7, basket; 8, supporting plate; 9, top
balance

3. Mathematical Model

Pyrolysis rate of a solid depends on the temperature and
the amount of material. If it is assumed that only a
single reaction is involved, the following equations for
o conversion ratio and its changing rate can be used to
describe the progress of reaction:

_ We-W
o= WoWe (D)

da
& = k(M) 0

where t and T are time and absolute temperature
respectively. Subscripts 0 and oo stand for the initial and
final mass of decomposing material respectively while
w denotes the mass at any time. f(a) is the Kinetic
function related to the reaction mechanism. Many
different equations for f(o) each has certain reasonable
theoretical grounds are given in literature for the solid
phase decomposition reactions [10,11]. Some of them,
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which are tested by the experimentally obtained mass
change data, are listed in Table 1.

Normally Arrhenius expression is used for the rate
constant:

E
k = Aexp (—ﬁ)
(©)
Here E, A and R are the activation energy, pre-

exponential factor and gas constants respectively. Then,
Eqg. (2) becomes.

do E
(4)
Reaction time and temperature can be used

interchangeably when the sample temperature increases
linearly with time during reaction. If linear heating rate
is b, EQ. (4) can be written as.

d A E
= =Texp(— ) () (5)
Integration gives g(a)
d Te
8(@) = [y s =5 fy “exp (— ) AT (6)

The expressions of g(a) corresponding to each kinetic
function are also shown in Table 1. It is possible to
determine kinetic parameters by using either kinetic
function or its integral. In the integral method, the
integral on the right side of Eq. (6) should be solved.
Unfortunately, it has no exact analytical solution and
some approximations are generally used. If u= E/RT is
defined, Eq. (6) can be written in the following form.

o exp(-u)
fu Tdu =

AE
g(e) = bR

(7)

where p(u) represent the rightmost term known as the
temperature integral in Eqg. (6). In the Coats and
Redfern method, p(u) in Eqg. (7) is approximated by
using a Taylor series expansion to yield the following
expression (12):

AE
crPW

AR

bE

E
RT

gl _
T2Q(E/pr)

Table 1. Algebraic expressions for f(a) and g()
considered in this work

In (8)

Zhuravlev-Lesokhin- (1—a)5/? 3 a )_%
Tempelmen (D5) 1-(1-a)/3 7=«
— 1)2
Komatsu-Uemuro 1+ a)?/3 3 T
(anti Jander) (D6) T+aif-1 (@ +a)3-1)

Table 2. Proximate analyse results of the pine wood

Kinetic Models fla) g(a)
Parabolic Law 1 a?
(B1) a 2
Holt-Cutler-
Wadsword (D2) 1/-In(1 - a) (1I-0)In(1- @) +a
Jander 1-a)?? 5(1
(D3) I—(1-—/3| 2
1-(1-a) -y
Ginstling-Brounshtein 1-a)'/3 3 1- 2a
(D4) 1-— (1 — a)1/3 2 ( 3
- (1 -a)*?)

sample (%w)

Moisture 5.12
Volatile matter 80.73
Ash 1.10
Fixed carbon* 13.05

*: By difference
4. Results and Discussion

Proximate analysis results of pinewood are given in
Table 2. The amount of volatile matter implies that
more than 80% of pinewood could be volatilized under
thermal decomposition conditions. Figs. 2, 3, 4 show
mass recording results of pine sawdust during pyrolysis
at three heating rates from room temperature to 500 °C.
It is clearly seen that thermal decomposition curves
look like traditional TGA curves and can be divided
into three regions according to their changing pattern.
The first region of small slope may be attributed to
evaporation of physically adsorbed water, smaller
molecular weights volatiles and partial decomposition
of hemicelluloses. The second region of higher slope
than the first represents predominantly decomposition
of major wood components of hemicelluloses, cellulose
and lignin. In the third region of small slope secondary
decomposition reactions of major wood components
take place [5]. In order to get better fit of the data for
the selected models, two temperature regions, over
which certain wood components predominantly
decompose, were assumed. Mass loss over 473 — 593 K
range is contributed by decomposition of mainly
hemicelluloses, lesser extent cellulose and weakly
lignin, whereas mass loss over 593 — 773 K range is
contributed moderately by decomposition of cellulose
and mainly lignin. For this reason, regression tests are
separately applied for conversion ratio data
corresponding to these regions. The results obtained
with these models are given in Table 3. It can be seen
that quality of fit or regression coefficients are not high
for 5 K/min. and increase with heating rate, reaching to
0.968 for Zhurovlev—Lesokhin—-Tempelman model.
However, none of the models seem to have any
appearent superiority to others for the two temperature
ranges and at three heating rates. Thus, only kinetic
parameters are seen to be comparable with the results
obtained for similar biomasses. Activation energies
change between 18.0-20.1, 24.4-32.8 and 44.5-47.8
kJ/mole for heating rates of 5, 10 and 15 K/min.
respectively, which imply effect of chemical control on
the volatiles evolution during pyrolysis increase with
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heating rate. For a single heating rate, the differences
between magnitudes of activation energies are not
considerable. However, values of activation energies
are higher at higher heating rates.

03
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Figure 2. Changes in mass of pine wood during
pyrolysis at 5 °C/min heating rates to 500 °C
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Figure 3. Changes in mass of pine wood during
pyrolysis at 10 °C/min heating rates to 500 °C
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Table 3. Kinetic parameters from regression analysis of conversion ratios for final temperature of 773 K

Figure 4. Changes in mass of pine wood during
: pyrolysis at 15 °C/min heating rates to 500 °C

He(?g/rrl?ir:)a te Mathematical Model Components Tir;np;;?:g)re (K JE?nol) (m'iAn'l) R?

parabolic Law H_em_icel.+ Cellulose 473 - 593 18.7 0.007 0.842

Lignin 593 - 773 19.0 0.002 0.818

Hemicel.+ Cellulose 473 —593 19.1 0.008 0.844

Holt - Cutler — Wadsworth Lignin 593 _ 773 195 0.002 | 0.819

Jander H_em_icel.+ Cellulose 473 - 593 19.4 0.003 0.847

5 ngnl_n 593 — 773 20.0 0.001 0.821
Ginstling — Brounshtein, H_em_lcel.+ Cellulose 473 —593 19.2 0.003 0.845

Lignin 593 - 773 19.7 0.001 0.820

Zhurovlev—Lesokhin - | Hemicel.+ Cellulose 473 —593 20.1 0.004 0.851
Tempelman Lignin 593 - 773 211 0.001 0.824

Komatsu — Uemura H_em_icel.+ Cellulose 473 - 593 18.1 0.002 0.837

Lignin 593 - 773 18.0 0.001 0.814

parabolic Law H_em_icel.+ Cellulose 473 —593 314 0.065 0.909

Lignin 593 - 773 25.6 0.005 0.892

Hemicel.+ Cellulose 473 - 593 31.7 0.072 0.910

Holt - Cutler — Wadsworth Lignin 593 773 263 0.006 | 0.892

10 Jander Hemicel.+ Cellulose 473 —593 32.1 0.027 0.912
Lignin 593 - 773 26.9 0.002 0.893

Ginstling — Brounshtein H_em_icel.+ Cellulose 473 —593 31.9 0.025 0.911

Lignin 593 - 773 26.5 0.003 0.893

Zhurovlev  — Lesokhin - | Hemicel.+ Cellulose 473 - 593 32.8 0.034 0.914
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Tempelman Lignin 593 — 773 28.3 0.004 0.894
Komatsu — Uemura H_em_icel.+ Cellulose 473 —593 30.7 0.018 0.907
Lignin 593 - 773 24.4 0.002 0.890

parabolic Law H_em_icel.+ Cellulose 473 —593 46.7 3.365 0.965
Lignin 593 - 773 45.3 1.198 0.956

Hemicel.+ Cellulose 473 —593 47.0 3.684 0.966

Holt - Cutler — Wadsworth Lignin 593 —773 445 1247 | 0.954
Jander H_em_icel.+ Cellulose 473 —593 47.2 1.346 0.966
15 ngnl_n 593 - 773 45.1 1.258 0.958
Ginstling — Brounshtein. H_em_lcel.+ Cellulose 473 —593 47.1 1.266 0.966
Lignin 593 — 773 44.8 1.207 0.956

Zhurovlev  — Lesokhin - | Hemicel.+ Cellulose 473 — 593 47.8 1.618 0.968
Tempelman Lignin 593 — 773 46.1 1.358 0.959
Komatsu — Uemura H_em_icel.+ Cellulose 473 —593 46.1 0.945 0.964
Lignin 593 - 773 44.6 1.124 0.953

5. Conclusions

Regression coefficients for the tested models are not
high for 5 K/min. However, they tend to increase with
heating rate.

None of the models seems to have any appearent
superiority to others for the two temperature ranges and
at three heating rates.

For a single heating rate, the differences between
magnitudes of activation energies for the proposed
models are not considerable.

The level of activation energies for volatiles evolution
during pyrolysis imply contribution of diffusion control
for lower heating rates and increasing effect of
chemical control with increasing heating rate.
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Abstract

The aim of the study is determination of the physical and chemical properties of the soil, which is taken around the
Sapanca Lake. For this purpose, a total of 30 soil samples has been collected in order to represent the basin from 10
plots where 0-40 cm depth. Sapanca Lake is an important drinking water source for the Marmara region; it is
supplied in both underground and side creeks. The content and the quality of water are affected by the soil structure
in the basin. Therefore, soil structure has been evaluated with regard to color, organic matter, organic carbon,
conductivity, pH, oxidation-reduction potential (ORP), salinity parameters. Munsell soil color chart is used for
determining soil color. In terms of determination, half of the soil samples has been found to be dark brown in color.
And the according to the results has been found just as pH 7-9, conductivity 150-500 uS/cm, salinity 81-300 mg/I,
ORP 81-115 mg/l, organic matter 1% -10% in the range of, respectively. Determination of soil quality parameters of
the study area is very important in terms of protection of ecology and living health, controlling environmental

pollution and improvement of water quality.

Keywords: Soil pollution; soil quality; Sapanca; organic compounds

1. Introduction

Living life, protection and development of ecological
balance has become increasingly important due to
environmental pollution in recent years. The pollution
which resulting of rapid population growth, unplanned
urbanization, industrialization, not using agricultural
lands efficiently and occurring negative changes in
wetlands is adversely affect the life. Reducing negative
effects on natural resources policy should be developed
by making the planning for improvement of soil and
water resources. Wetlands have to live several changes
over time as a part of nature and natural phenomena.
These changes, not only occur through natural events
but also they can occur with human intervention.
Besides, changes occurring in the soil become
impractical using wetlands and especially drinking
water supplies. It is also one of the most important
stage that land planning and management according to
the evaluation of soil quality criteria. Also soil form
part of the environmental quality. Researches have
showed that environmental quality criteria bases to
determine the quality of soil such as water quality, soil
erosion and air quality values. For this purpose various
studies have been made;

Ozkan, K. et al., (2007), have been identified
relationship among soil color and structure, and soil
type, organic matter content, total lime content and soil

acidity (pH) in Beysehir Lake Basin. According to the
statistical analysis results, important relationships have
been identified among especially soil color groups and
structure types, and soil organic matter content and total
lime content of the class. Dindaroglu, T. et al., (2013),
forest soil health have been pursued according to the
new soil quality index value in the Kuzgun Basin. On
forests and grasslands, the northern slope views and the
low height, it have been identified that, health of the
soil in the area is very good, on the contrary especially
on the high-altitude pastures, and the extreme views of
the slopes and in the southern area, health of the soil is
damaged.

Cimrin, K. et al., (2006), have been conducted a study
to identify some macro and micro nutrient content of
agricultural soil and to determine the relationship
between some soil properties in Van. From the area
where wheat cultivation made, has taken a total of 52
soil samples from 26 points for represent the region
including two different depth, 0-20 and 20-40 cm.
Ozbek, A. K. (2004), were evaluated in terms of soil
quality index parameters in the soil located 6103 ha
which is part of the Asagi Pasinler Plain would be
irrigated. It have been identified that on Asagi Pasinler
Plain, the region is degrade in terms of pH, organic
matter; on the contrary in terms of the soil quality
parameters such as soil texture, drainage and
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groundwater quality the region have the quality soil
resources.

Cao, S. K. at al, (2011), combined actual field
sampling data with geostatistical to study the
characteristic and spatial variability of soil organic
matter and organic carbon content around Qinghai
Lake. The results showed that the mean content of soil
organic carbon is 5.95 + 3.40%, and organic matter is
3.45 + 1.97%, both are low.

Purpose of this study is to evaluate in terms of soil
guality on the Sapanca Lake Basin and to shed light on
the choice of the most appropriate management
practices for water and soil resources in the region.

2. Material and methods
2.1 Working area

Sapanca Lake is the freshwater lake where located in
the eastern part of the Marmara Region. It has occurred
result from tectonic formations in Sakarya. Sapanca
Lake coordinates is 400 43 'north-300 15' East, and its
altitude is 36 m. Sapanca Lake acreage is 42 km2, east-
west direction length is 16 km and a width is 5, 5 km.
The perimeter of the lake is 39 km and 26 km of this
belongs to the province of Sakarya and 13 km the
province of Kocaeli [1].

Figure 1. Sapanca Lake and Environment [2]

In lake basin Arifiye, Sapanca, Mahmudiye,
Memnuniye, Esentepe, Asagidere, Serdivan, Adapazari,
Kirkpinar Municipalities and Yanikkdy, Kurtkoy,
Uzunkum, Yukaridere and other village settlements
located in Sakarya province border; Masukiye, Esme,
Derbent, Acisu and other villages settlements located in
Kocaeli province border. In these village settlements is
made generally agricultural production.

2.2 Factors Affecting the Soil Structure in the Study
Area

2.2.1 Agricultural Operations

It disrupts the nutrient during production, consumption
and storage of foodstuffs and destroying harmful
pathogens, chemicals used to destroy weeds and
microorganisms are often the agrochemicals and

"pesticides” we say. None of the drugs, which applied
to soil and the field, is stay in application areas. They
wafting elsewhere by natural factors such as wind, rain
adhering to substance physical - chemical properties. In
addition, they create environmental problems. In this
way, the possibility of contamination is very high in
Sapanca Lake.

2.2.2

D-100 highway passes from north of the Sapanca Lake
and TEM Anatolian Highway passes from the south
very closely. This situation adversely affect nearby
vegetation due to exhaust gases. This will affect the
ecological balance of the lake in the long term
negatively. Contamination occurs with reaching tires
and oil residue from highway both the soil and the lake
through rain. Wastewater reached in evacuation channel
from TEM Anatolia highway, 300-400 m. intervals
throughout Sapanca Lake. And the point in the shore
which wastewater reached, pollution is observed on the
soil. Releasing emissions into the atmosphere from
motor vehicles also has a negative impact on the quality
of water and soil.

Highway and Railroads

2.3 Determination of Soil Quality

A total of 30 soil samples from 10 points have been
taken from 0-40 cm depth for represent the Sapanca
basin. Taken soil samples have been waited until they
lost completely their wetness on 1050C. Then, soil
sieved to 10 mm were prepared for physical and
chemical analysis. Soil structure has been evaluated in
terms of organic matter, organic carbon, conductivity,
pH, oxidation-reduction potential (ORP), salinity and
color parameters. When determining parameter values,
the standard method have been used. Soil color is
determined by matching the color of taken sample with
color swatch in the Munsell Color Scale [8].

3. Results

Color groups of basins have grouped benefiting from in
Munsell color scale and their codes have written (Table
1).

Table 1. According to the Munsell color scale color
groups and codes of Beysehir lake basin soil

Soil Color Groups Soil Color Group Codes

Dark Reddish Brown 25 YR 3/4,5 YR 3/4ve 5

YR 3/3

Reddish Brown 2,5 YR 4/4, 5 YR 4/3, 5

YR 4/4, 5YR 5/3 ve 5YR

5/4

Brownish Dark Brown | 10 YR 4/3, 7,5 YR 4/8 ve
75 YR 4/2

Brown 1 10 YR 5/3, 7,5 YR 5/4 ve
75 YR 5/2
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Brown 2 75YR5/4ve 7,5 YR5/2

SAL (mg/L)
Samples taken from 10 stations where we determined o
before in the basin have assayed in terms of organic 020
matter, organic carbon, conductivity, pH, oxidation- 015
reduction potential (ORP), salinity and color parameters, .
and the obtained results have given in Table 2. ’ l
0,05
Table 2. Some Quality Parameters of Sapanca Lake 0,00
: ; S S S
Basin Soil :’@:\\0 & 4\1\\ & %é\;\@ bﬁ}\é\\‘j «%é\\ %«\1‘\0 L}\S‘D 4@0
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- Organic | Organic
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9 % % Figure 3. Distribution of Salinity Parameters in Soil
1. St. 316,27 017 |839] 1461 6,15 3,57 _\Nh_en Figure 3 e_xarnined some stations’ Sa_lipity values
2.5t 177.03 009 |839]|14433| 288 167 | Indicate proximity according to the salinity of the
3.5t 3471 017 8311156531 a27 | 247 | Samples. The lowest salinity values in 2. station where
1St 316.03 016 | 8 | 14886 | 568 329 located in Sapanca Uzunkum and the highest salinity
= st 26(; c 0’14 509 145;3 4,81 2,78 values in 7. station where is Balikhane stream is
6' St' 346’5 0’18 8’22 L '63 7’08 41 position. The average salinity in each examples 0.09 to
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7.St. 407 0,22 |8,24|148,63 | 10,03 | 5,82
8. St. 358,43 019 |831| 1434 | 659 3,82
9. St. 196,13 01 |833| 1475 | 539 3,12
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4. Discussion
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Figure 2. Distribution of Conductivity Parameters in
Soil

According to the Figure 2, when we examined
conductivity values of 10 stations, the lowest
conductivity values in 2. station where located in
Sapanca Uzunkum and the highest conductivity values
in 7. station where is Balikhane stream position. These
values are 177.03 and 407 uS/cm, respectively.
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Figure 4. Distribution of pH Parameters in Soil

As it can be seen in Figure 4, according to the pH of soil
samples the minimum value in 4. Station is located in
Kurtkdy. The highest pH values in 1. station is located in
Golbasi and in 2. station is located in Uzunkum. Both
values are equal. pH values are 8,00 and 8,39
respectively.
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As it can be seen in Figure 5, organic matter contents in
all soil samples are different. The lowest organic matter
content of soil sample were taken from station 2.
Moreover, the highest organic matter content of soil
sample were taken from station 7.

5. Conclusions

Soil reaction has a special significance due to give
information about soil properties easily. pH values are
considered neutral between 6,6-7,3 in field work [9].
The average pH of each 30 samples is between 8,00 —
8,39 and it is classified as slightly alkaline. Salinity in
the soil is divided into four levels according to the
severity as it is seen in Table 3. The average salinity of
each samples is between 0,09 — 0,22 mg/L and it is
classified as slightly salty.

Organic matter is partially decomposed, partly
disintegrated the accumulation of plant and animal
residues. This matter are disintegrated continuously by
soil microorganisms and continue to decay. Therefore,
matter is not a permanent in soil [9]. Grouping of
organic matter in the soil is as in Table 3. Organic
matter range of taken 30 samples from 0-40 cm depth is
between % 2,88 — 10,03 and they are rich especially in
terms of organic matter. In the standard soil, %50 to
%60 of the amount of organic matter is organic carbon.
Organic carbon determination can be found with
Walkley-Black method; also, it can be calculate with
stoichiometric ratios. In this study, Organic carbon
determination is made with stoichiometric ratios and it
is between % 1,67 — 5,82. Analyzed soil samples are
rich in terms of organic carbon, because of they are rich
in terms of organic matter. The high agricultural
activities in Sapanca are results from both the high
amount of organic matter in the soil and the soil

suitability for agricultural activities. The most
important elements for agricultural activities are
nitrogen, phosphorus and carbon. Results of

examinations are shown that carbon content is
sufficient for the growth of plants.

Electrical conductivity is the result of electrical
resistance. Unit of measurement is decisiemens per
meter or milliohms per centimeter. While increased
ionic concentration, electrical conductivity is increased.
The soil which 40000 uS/m and over conductivity in 25
°C is considered as salty.

The presence of salt reduces water-holding capacity of
the soil [10]. Conductivities of the study areas are lower
than 40000 pS/m, thus they are sodic and their
conductivity is well.

The color of the soil affects the temperature of the soil
surface. Black and dark-colored soils absorbs more heat
from the sun. Black and brown soil is indicate the
presence of organic matter. Light-colored soils are not
hot. Red soils include a good level of oxidized iron

minerals [10]. Sapanca lake basin soils are usually in
brown tones.

Table 3. Provisions in Standards for Soil Parameter
Values

ANALYSIS STANDARD
TYPE SIZE MEANING
Strong Acid
Medium
<45 Degree Acid
4,6-55 .
Mild Degree
. . 5,6-6,5 .
Soil Reaction Acid
6,6-7,5
7585 Neutral
- Mild Alkaline
8,5+
Strong
Alkaline
0,0-0,15 Without salt
Soil Salinit 0,15-0,35 Mild Salted
y 0,35-0,65 Medium Salted
0,65+ Multi Salted
0-1 Too Few
1-2 Less
Organic Matter 2-3 Medium
3-4 Good
4+ High
.. >80000 Bad
Co(”dsulgtr:q‘;'ty 40000-80000 Medium
H <40000 Good

Sapanca Lake is one of the most important drinking
water source for the in particular Marmara Region.
While it supplies drinking water requirement of
Sakarya, it supplies requirement of a major industrial
company, which is very important for both Kocaeli and
Turkey. Sapanca Lake fed from streams as well as
groundwater. Many factors affect the quality of water.
One of them is the soil structure and content.
Examination of drinking water sources at regular
intervals shed light on improvement studies. However,
for the protection of drinking water sources the water
quality parameters will not be enough to examine alone.
Besides, the soil structure and quality of the drinking
water basins should determine and should be examined
at regular intervals. Finally, this study contribute to
creation of a comprehensive database by public
authorities.
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Abstract

Lukavac, as many other Bosnian and Herzegovinian industrial cities, especially in the winter period, has
deteriorated air quality and the greatest polluters are industry, individual heating and transportation. Considering
that Lukavac is situated in the valley in which numerous industrial facilities are installed, in the periods of
unfavorable weather conditions the town and its surroundings are naturally predisposed for additional air
pollution. In this paper we analyze the possibility to form bioparks, which would have positive impacts on the
ecological and economic conditions in Lukavac and similar environments. To establish the bioparks, the degraded
and abandoned land surfaces, caused by soil erosion or the surface exploitation of mineral resources, could be
used. These are located at numerous locations and cover large areas, both in Lukavac and in other industrial
areas in Bosnia and Herzegovina.

This paper presents the basic biological characteristics of paulownia and possibilities of planting this tree in areas
that are now unused, in the space which is characterized by extreme pollution of atmospheric complex. The
selected method is bioremediation, and in this case it is the planting of biological material or woody plant species
Paulownija elongata. In this way the degraded surfaces would get the function of biological parks, that is, they
would become "oxygen producer" surfaces, and absorbers of CO, which is emitted from industrial plants. This
species has rapid growth and development of biomass, so the bioparks could be used to serve as the surfaces for
alternative fuel with minimal amounts of sulfur, and also as eco - educational parks.

Keywords: air quality, air pollution, Biopark, bioremediation, paulownia, Lukavac.

permissible concentrations and limit values as well as
providing guidelines on remedial of the quality of
With the rise in energy production and consumption, atmospheric complex.

economic recovery, an increasing number of cars on the
roads and a larger number of households and business
facilities in need of heating and electricity, there is an
increasing adverse impact on the environment. In the
area of Lukavac town in Bosnia and Herzegovina, in
addition to a series of geoecological problems, of which
the most emphasized are the degradation of agricultural
land, water pollution, many landslides, there is also a 1. The state of air quality in Lukavac is not at

1. Introduction

The hypothesis of this paper is: The state of air quality
that has been deteriorated by industrial production in
the industrial zone of Lukavac can be significantly
improved by biological methods, that is, by establishing
bioparks with selected plant species. From the above
are derived six sub-hypotheses, which are:

pronounced air pollution. satisfying level;

The subject of this research is the analysis and 2. Paulowni_a_ is a plant that with its bi(_)logical cycle
evaluation of air quality in the city area of Lukavac that has a positive impact on the atmospheric compl_ex; _

was made in the period 2005-2014. The task of the 3. There is a wide usage value of Paulownia in
research is to determine the level of air pollution by industry;

individual pollutants, their comparison with the
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Paulownia is the type of wood that can be used as an
alternative fuel to industrial production, thus
reducing emissions of harmful gases;

Paulownia has a large consumption of CO,.

The area of Lukavac has known considerable
surfaces of unused land and a favorable climate for
planting out Paulownia.

Given the complexity of the studied subject here we
applied more scientific methods and procedures, which
are the statistical method that is used to process the data
obtained by the established monitoring of air quality,
the comparative method used for comparing the air
quality data measured at measuring stations, also used
for data comparison between earlier periods and new
values and for comparing the value with the legal
limits. We carried out experiments and laboratory
studies in the evaluation of the calorific value of
paulownia and conducted field observations, that is, we
directly observed the terrain and visited nursery garden
which grows paulownia.

2. Material and Methods

This work consists of theoretical and practical parts. In
the theoretical part, defined are biological and
physiological characteristics of Paulownia elongata
S.Y. Hu. The practical part of the work includes several
scientific methods and procedures. A statistic method is
used to process data obtained from the established
monitoring of air quality, then a comparative method is
used for comparing the air quality data measured at
measuring stations, also used for data comparison
between earlier periods and new values and for
comparing the value with the legal limits. The method
of field research is applied when considering
pedogeographic traits and seeing the use of certain
soils. In addition to the above, the paper used a
cartographic method to obtain the data about the area.

We carried out experiments and laboratory studies in
the evaluation of the calorific value of Paulownia.
Also, we implemented field observations, that is, made
direct observation of the terrain and visited the nursery
that grows the mentioned species.

3. Research results
3.1. The state of air quality in Lukavac

The state of air quality of Lukavac and other bosnian-
herzegovinian industrial cities are not at a satisfactory
level. In the analyzed period (2005-2014), SO,
concentrations were elevated significantly during the
cold period of the year. The increased concentration of
sulfur dioxide (SO,), in the winter, is the result of - in
addition to industrial production - combustion of fossil
fuels, especially coal (brown coal and lignite) due to the
large number of boiler rooms in the city and its
surroundings as well as the impact of industry in the

city, or in its immediate vicinity. During this period the
warning thresholds of hourly values were exceeded
eight times, and the alert threshold values exceeded 20
times. The concentrations of NO, in the area of
Lukavac are, similarly to the values of SO,, increased
during the cold period of the year, but in the analyzed
period there were not recorded hourly exceedings of the
threshold of warning and alarm of this pollutant. The
concentration of carbon monoxide (CO) reached high
values during the entire monitoring period. The content
of CO is increased during the fall and winter [1].

The concentration of deposited dust (PM ,s) was
increased during the cold period of the year, ie. during
the heating season, which indicates that the main reason
for the high content of deposited dust is its emission
from individual furnaces and boiler rooms. It was noted
that it exceeded the alert threshold 3 times, and the
value of PM ;5 reached the threshold of alarm 2 times.
It is estimated that 1,337 households have individual
boiler rooms and spend ten tons of lignite and six m® of
wood in one heating season, warming the total
residential area [19].

The main problem in the field of air pollution by
industry is the use of geoecologically unacceptable
production technologies that are not in accordance with
best available technologies (BAT). Pollutants emitted
from agriculture to the environment are ammonia
(NHs), methane (CH,4) and nitrous oxide (N,O) [9].

Anticyclonic weather situation in the colder times of
the year also adversely affects the air quality. Then
there are frequent occurrences of fog, mist and
temperature inversions, which contributes to the
retention of pollutants in the ground layer of air. Smog
rises to the height of the inversion layer and forms a
smoke screen or "cap" over Lukavac.

3.2. Recommendation for growing the woody species
Paulownia elongata SY Hu

The tree Paulownia elongata SY Hu reaches a height of
over 10 meters, with a wide conical crown. The leaves
are large, green, their lower surface pubescent.
Paulownia wood has the color of honey. It produces
small seed, 1.4 mm to 3 mm, located in pods. The pod
has oval shape and it is woody, with a size from 2.5t0 5
cm. It is a noninvasive type that thrives also in very
sparse soil.

Paulownia elongata is a hard wood, but at the same
time it is the lightest known wood weighing 272 to 336
kg/m® (average 304 kg/m®). The wood is light in color
and almost without knots, with resistance to bending
and twisting making it perfect for carving. Fire-resistant
point - the point of lighting is twice the size of pine’'s,
which is especially interesting for coastal areas which
are in summer exposed to increased risk of fire [13,14].
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Paulownia can not survive on poorly drained soils. The
most favorable are lands toward the south (sunny side).
The soil should be drained, or may not accumulate or
hold water. Underground water flows should not be
closer than 1.5m to the ground. In heavy clay soils
paulownia grows more slowly. Paulownia does not
tolerate acidic soils. The pH should be between 5 and 8.
If it is possible, the autumn plowing is suggested, but it
will be enough to have early spring deep plowing only.
When plowing, it is good to additionally fertilizethe
land in order to accelerate the growth of paulownia.
Before setting up the foil with pipes for drip irrigation
to drop, it is necessary to chop the ground. The role of
the foil is multiple: it ensures a higher temperature of
the soil, retains moisture, prevents weed growth ...
Rows of foil are placed at every 4 meters [2].

Planting begins by wetting the soil beneath the foil and
drilling holes in the ground through the foil. It is
necessary to dig a hole with a diameter of 60 cm and
depth of 80 cm. In this excavated hole a part of
excavated soil that is mixed with manure and fertilizers
should be returned back in the hole until it is deep 30-
40 cm. The tree should be cut to 2-3 cm above the
ground and buried with the rest of the soil. Distance
between seedlings of paulownia under the foil is 4
meters. Planting of paulownia is made only in the
spring!

Year Zero - There is no need for major interventions in
the plants because they will be anyway cut to ground
level next spring. If they occur, possible excess shoots
from the same root (more stems) can be disposed of.It
is necessary to control the grass and weeds between the
foil, so as not to escalate and choke seedlings. If there is
no rain in the spring it requires watering 1-2 times a
week. In summer, if it is dry, 2-3 times.

The first year - at the beginning of April it is necessary
to cut down the tree / stem of paulownia at a height of 1
cm above ground level and cover the cut part with a
thin layer of soil (1-2 cm) to reduce drying out the
roots. From each root will appear a few shoots. When
they grow up to 10 cm is necessary to keep the
strongest, and have the rest removed. In this year,
watering is as important as in the zero year. It is also
important to mow the grass and weeds so that would
not initially be higher than seedlings. Before falling
leaves, the stems will have already become woody [5].

The second year - in the spring the stems/tree of
paulownia which became woody will begin to leaf
through. From below we should rip off all the leaves
except for the last half a meter at the top. By this we
achieve that a tree in the early years grows as much in
height. In the following years, we are waiting for the
tree to reach a diameter of 35-40 cm when it is ready
for harvesting. This should be after 7-10 years

(depending on conditions). After cutting, from the
existing root, in the fall, a few new shoots of paulownia
will spring up. The cultivation is then continued as
instructed for the first year. Since now the root is very
strong (even 10 m deep), the growth of paulownia will
be even faster.

One hectare of land with 625 trees of Paulownia
elongata for three years brings a staggering 57 tons of
timber, and for 8-10 years even 190 tons are possible.
At about the eighth-tenth year the tree has an average of
1 m® of timber and it is possible to be exploited 3 times
because after each cutting it will drive a new seedling
which in 8-10 years again reaches the same amount of
wood in ideal conditions. By comparison, a poplar tree
usually takes 15-20 years to maturity, oak 30-40 years,
and pine 70-75 years. Every two years one can expect
up to 100 tons of wood biomass per 1 hectare [8,20]. A
cubic meter in the industrial mode of planting, on the
world market reaches the price of up to 1100 USD
(Paulownia is at the world's stock markets mostly sold
under its Japanese name: Kiri.)

3.3. The use of Paulownia

Because of the resistance to humidity, paulownia tree is
used for the production of furniture which is resistant to
deformation. Because of its low resin content, wooden
material of paulownia has a low level of risk of fire,
because it is difficult to initiate it to burn. In addition to
the mentioned characteristics, an essential feature of
paulownia wood in furniture production is being
resistant to attacks of wood-eaters. Because of its
softness, paulownia wood is possible to be decorated
with most complex carvings. Another characteristic of
paulownia is its decorative use. Namely, because of the
beautiful flowers that adorn the wide treetop of this tree
it is often used for landscaping parks. The flowers are
rich in nectar and antioxidants. The leaves absorb up to
10 times more carbon emissions than other types of
trees. Abundant blooms and size of leaves also help in
successful reforestation and recovery of burned forests,
and for its branched root the tree is used against soil
erosion. Extremely important and valuable use of
paulownia comes out from its honey-bearing properties.
Its importance as honey-bearing type, in addition to the
quality of honey, lies in the fact that the bees do not
need to visit a lot of flowers to be ‘filled', since the
flowers are extremely rich in nectar. From one hectare
bees can collect between 900 and 1000 kilograms of
nectar that is by the quality in the rank of acacia and
sage honey. It has bright colors and is quite light in
weight, with a strong odor. It also serves as a healing
agent [4,3].

KYOTO program of environmental protection ranks
Paulownia in the first place among the plants, like a
mine of oxygen and air cleaner. Given that it is harder
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and harder to follow the prices of energy sources we
use every day and that are in constant increase due to
reduced reserves, Paulownia as a wood biomass
presents an energy source that renews itself, because
after cutting it grows back from the stump.

Additionally, Paulownia gives high calorific value of
4,700 kcal / kg with negligible sulfur content during
combustion. The whole planet seek to reduce
greenhouse gas emissions, and Paulownia absorbs
significantly more CO, than other tree species (eg. 4
acres of Paulownia absorbs in one year up to 13 tons of
CO, from the atmosphere and it affects climatic
changes).

Figure 1. Paulownija elongata, d.o.o Vocni rasadnik,
Srebrenik, July 2016

Paulownia turns untreated land into green fields. It is
environmentally acceptable solution for cultivating
manure and restoring land destroyed by human
activities. Paulownia is ideal for reinforcement of river
banks and in the fight against erosion. Cities and
municipalities could implement, with the support of the
public, environmental projects using paulownia, while
for forestry purposes could be used programs for rural
development.

Paulownia tree is a "small manufacturer” of heat taking
into account a cubic meter of wood biomass. By
comparison, 1 m* of paulownia with the humidity of
15% gives about 1069 kWhs of thermal energy, while
the same amount of oak in combustion produce almost
twice the energy - 2,363 kWh. These results are a
consequence of lower density paulownia, but also the
fact that 1 kg of any tree of the same moisture content
gives about the same amount of heat energy because the
chemical composition of all kinds are about the same.
The possibility of using Paulowniain industry is wide. It
can be used as technical wood, but also as an alternative

Table 1. Binding of CO,

Tree species kg CO,/ha
Alpine pine 48000
Paulownia 8181,73
Cork oak 4500
Eucalipto 491,21

fuel with significantly lower emissions of SO, [12],
Table 2.
Table 2. Paulownia as alternative fuel

Type of
energy SO, (t/day) CO; (t/day)
source
Coal 1,73 206,34
70 % coal Coal Alternative fuel Coal Alternative fuel
+30% o1 0,66 144 44 65,23
alternative
fuel 1,87 209,67
Coal Alternative Paulownia| Coal Alternative Paulownia
fuel fuel
70 % coal
;“/32;‘}(165" 0,33 0,02 32,65 32,61
oalL el 4 01 144,44
+15 % 0,35 65,27
paulownia) ! !
1,56 209,71
Paulownia Paulownia
70 % coal | 1,21 144,44
+30 % 0,03 65,31
paulownia)
1,24 209,75
4. Discussion

Usable areas for planting paulownia in the area of
Lukavac are: free farmlands, conditionally stable and
unstable slopes that have got developed (standard)
lands, lands in industrial zones that are unoccupied by
infrastructure facilities, as well as areas where is
present surface exploitation of mineral resources and
landfills of tailings with prior pedological reclamation.

Thanks to the large leaf surface and the fact that the
underside of the leaf has dense hair, this species can
absorb significant amounts of sulfur dioxide and dust
particles. Results of the analysis of heavy metals (Zn,
Fe, Pb, Cu, Ni, Cr, Mn, Cd, As, Hg) in the leaves of
woody species Paulownia elongata SY Hu growing in
urban areas clearly show that Paulownia elongata SY
Hu is a tolerant species, and can be recommended for
forming tree lines along urban and regional roads as
well as for the formation of wind protection zones
along the main roads [6,18]. Paulownia can absorb
heavy metals from the soil and from the air.

Heavy metals in the soil may be the result of natural
pedogenetic processes [22], as well as of anthropogenic
factors that lead to environmental pollution. A very
important source of heavy metals and other polluters of
soil and plants is traffic [10,17]. Plants bring in heavy
metals constantly during the vegetation period. The
highest values are reached at the end of the growing
season [7,16]. Also, there are many literature references
that point to the impact of heavy metals on
morphological,  anatomical and  physiological
characteristic of woody species among others [11].
Species of the genus Paulownia, according to many
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literature data, indicate the possibility of adopting
heavy metals [15,21]. The level of tolerance of this
species to pollution of air, is the basis for
its development and survival in the urban environment.

Paulownia species are very suitable for decoration and
enriching environment, and the need of reforestation.
They are also equally suitable for landscaping of urban
and industrial areas [23].

Paulownia is a tree that has the capabilities of very high
intake of nitrates, heavy metals and other elements from
shallow and deep layers of the earth. It has a unique
root system where the roots grow at a depth of over 2m.
Due to, even several meters deep rooting system, it is
used for the rehabilitation of landslides. Such a root
system, in combination with the rapid growth of
paulownia enables interchange of much more nutrients
as opposed to other species, thus giving a great
potential in bio-remediation of contaminated soil.

Paulownia also has a significant role in the
rehabilitation and protection of soil from erosion.

Usable surfaces for planting paulownia, in the area of
Lukavac, are: free farmlands, conditionally stable and
unstable slopes that have got developed (standard) soil,
lands of industrial zones that are not occupied by
infrastructure facilities, as well as areas with present
surface mining of mineral raw materials, and tailings
dumps with prior soil reclamation. By surface mining
of coal and other mineral resources, vast areas were
degraded. An example is the Tuzla and Zenica coal
basin. In accordance with legislation that treats the
exploitation of mineral resources and environmental
protection, mines are required to recultivate degraded
areas, however, it is not the practice in our country.

5. Conclusions

Based on the conducted analyzes, it was concluded that
in Lukavac, as well as in other industrial cities in
Bosnia and Herzegovina, air quality is not at a
satisfactory level. It is particularly expressed in
increased concentration of SO, due to extensive use of
fossil fuels.

Paulownia is a plant that with its biological cycle has a
positive effect on the atmospheric complex. With
biological methods, that is, by planting the selected
plant species status of air quality in the industrial zone
of Lukavac can be significantly improved. This type of
wood can be used as an alternative fuel in industrial
production, thus reducing emissions of harmful gases,
and at the same time it is a major consumer of CO,.

The area of Lukavac has considerable areas of unused
land and favorable climatic conditions for planting
Paulownia, or establishment of Bioparks which would
have economic, environmental and educational function
(Paulownia elongata S. Y. Hu).
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