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Abstract

S
olar distillation is one

of the simplest and

most significant processes

of separation. A solar dis-

tiller of new design was

built by the coupling of two

combined devices: a con-

ventional solar distiller

with only one slope facing

south, and what is known

as a distiller with capillary

film (or DIFICAP). It con-

sists of a parallelepipedic

compartment formed by

two opposite plates drawn

aside from a distance of

0.038m. This guarantees the

advantage of re-using the condensation latent heat to

evaporate another quantity of water. We have developed

a digital code that makes it

possible to obtain the tem-

perature values and con-

densation rate of this de-

vice. The present work pro-

vides a comparative study

between the theoretical re-

sults and those measured

in experiments. Numeri-

cally, we found a very im-

portant rate of condensa-

tion, reaching 8.94 Kg/m2/d

and coming close to that

obtained in the experiments,

on a sunny day (correspon-

ding to 06/8/2007); and

with  a solar radiation of

20.7 MJ/m2/d.

Keywords: Capillary Film Distiller, Modeling, Solar

energy, Solar distillation, Simulation.
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1. Introduction

Several studies on solar distillers of various designs

were carried out in theory and experiment in order to

determine their distillate productivity and the produc-

tivity dependence on the parameters of weather, design

and operation as re-examined by Malik et al., [1] and

Tanaka [2], Bouchekima et al., [3]. Our study relates to

the experiment and modeling of a solar distiller with a

new configuration made up of two types of distillers: a

traditional solar distiller with greenhouse effect, and a

distiller with capillary film (or DIFICAP) [4]. The aim

is to improve its yield for distillation of brackish water.

Brackish water is  non-drinkable but saline water,

with a salinity ratio (≥2.5g/L) that is lower than that of

seawater, but still far from meeting the World Health

Organization standards (WHO). Solar distillation seems

a solution to reduce this salinity, and it is a most inte-

resting option for arid or remote areas. 

Our experimental work was carried out at Ouargla,

in the south of Algeria (latitude; 31.95°N, longitude;

5.32°E, and altitude; 141m). The average potential of

solar radiation available in this area exceeds 20.7 MJ/m2,

and the daily average insolation is 8.1 hours throughout

the year [3].

Cooper and Appleyard [5] built and examined a

three-effects type distiller with a glass cover above. The

wicks soaked with saline water were in contact with the

bottom of the absorption plate and all parallel plates

except the lower one.
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The distiller was inclined so that the plate evaporator

faces up towards the sun and received solar energy. The

steam evaporated from the saline water-soaked wick

spreads through space in the bottom and is condensed on

the higher face of the last plate. The condensation latent

heat is communicated to the plate evaporator and the

soaked wick which causes the evaporation of water in

the second cell. This way, the condensation latent heat is

recovered and re-used to increase the distillate’s total

quantity. Tanaka et al [6], Okamura et al [7], Ohshiro

et al [8], Toyama et al [9], and Bouchekima et al [3], all

thorough studies of this type of multiple effects deve-

loped by Cooper and Appleyard.

2. Device Description

The device consists of two different cells of which

the first is a traditional solar still composed of a rectan-

gular basin dyed in black and submerged with a layer of

brackish water for evaporation, and covered with

transparent glazing in order to allow sunrays inside the

device.

The glazing inclination angle depends on the second

cell height which consists of two opposite plates forming

a parallelepipedic. The evaporated water flow runs out

slowly under the effect of capillarity onto a fabric piece

adhering to  the evaporation plate. The generated water

steam leaves the fabric towards the cold wall. The

produced distilled water and the residue are gathered in

collectors. Figure1 shows the functioning principle of

the device.

3. Mathematical modeling

To establish a model of the distiller, it is necessary to

know the various coefficients of heat exchange and

mass of the heat-transferring surfaces. Modeling is

made on the basis of heat balance and mass on the level

of each component of the system. The equations

obtained were solved numerically and the results

enabled us to determine the various parameters that

affect the system performance, and thus to estimate

production. In order to make the model accessible, we

must take into account the following simplifying

assumptions [2, 3]:

➢ The cover thermal inertia is weak. We suppose

that the incidental solar rays on the transparent

glaze will directly strike the two interception

surfaces. These are the basin and the first

vertical plate of the DIFICAP.

➢ Temperatures of the exchange walls are

presumed uniform.

➢ Condensation surfaces are not wet.

➢ The distiller cells are well insulated thermally.

➢ The physical properties of the plates and the

pane are considered independent of the

temperature and are considered as equal to

median values.

➢ Diffused radiation is uniform on all directions

of the celestial vault.
Figure 1. Schematics of a solar still coupled with a

distiller capillary film

Figure 2. Experimental setup
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We can determine the heat balance equations for this

device as follows:

■ Balance energy for the glass cover

■ Balance energy for the evaporator

■ Balance energy for the metal plate

■ Balance energy for the conensed plate

The mass balance is simple to establish using the

mass conservation law since the flow of brackish water

is the sum of the two flows: distillate mass and brackish

water at the outlet:

We defined the coefficients of heat exchange and

mass, thus the thermo-physical properties which govern

the preceding equations are as follows:

The radiation exchange between the three surfaces is

evaluated as continuation:

With the form factor evaluated by [10]: that is

B = h / le , C = lv / le so:

The mass exchange coefficient is estimated as

follows: dry air humid air brackish water

The parameters used in the simulation are given in

Table (I, II, III). The thermo-physical properties given in

this table are assumed as constant in all simulations:

TABLE 1. Dry Air Property

Specific heat

Density

Conductivity

Dynamic viscosity

Thermal diffusivity

Prandtl Number 

Thermal expansion

Cp air = 1008

r air = 353/(T + 273 .15)

l air = 0.0242 + 7,57.10-5.T

m air = (1.7176 + 0.0046 .T).10-5

a = (1.8343 + 0.0146 .T).10-5

Pr =  0,7147 - 2,54 .10-4.T

b air = 1 /(T + 273 .15)

TABLE 2. Humide Air Property

Dynamic viscosity

Thermal expansion

Thermal diffusivity

Specific heat

m h = 1,718 .10-5 + 4,620 .10-8.T

b Mh = 1,6578 .10-3 .T.[0.362 .x - 1]-1

x = P / P s

D c = 0,187 .10-8.(T + 273 .15)2.072

Cp h = 999 .2 + 0,1434 .T + 1,101 .10-4. T2 -

6,7581 .10-8 T3.

TABLE 3. Brine Water Property

Density

Conductivity

Kinematic viscosity

Prandtl Number 

r e = 1002 ,6 - 0,0505 .T - 0,00380 .T2

l e = 0,5536 + 2,238 .10 -3.T - 9,87 .10 -6.T2

v e = 17 ,199 .10-4 - 0,3389 .10-4.T + 0 ,002

.10-4T2

Pr e = 12 ,501 -0,261 .T + 1 .577 .10-3 T2.

(1)

(2)

(3)

(4)

(5)
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4. Experimentation

The experiment was carried out following the new

configuration which involves two distillers of different

designs, a traditional distiller with greenhouse effect

with only one slope facing south, directly connected to

a capillary film distiller (DIFICAP) [11], at the

“LENERZA˝ laboratory of KASDI MARBAH Univer-

sity, Ouargla (south Algeria). The climatic conditions

were favorable (on 06/08/2007). We chose a sunny day

withclear skies and no strong wind (≤ 5m/s)).

The cover is made out of ordinary 4mm- thick  glass

, the basin plate is out of 3 mm-thick aluminum dyed in

shine-free black to absorb maximum radiations and with

0.51m × 0.34m dimensions. The two metal plates are

made out of 0.0006m-thick galvanized steel  and set at

a distance of 0.038m from each other.

The piece of fabric used is absorbent and porous

(1mm-thick gauze, a fabric suitable for forming a  capil-

lary film. The brackish water supply is guaranteed thanks

to the good capillarity of the fabric which acts as a pump.

The temperatures of the various components are mea-

sured by the thermocouples in type (K) in the middle of

each element of the device. The reading of the solar

radiation intensity is taken using a solar-meter (Metrasol).

5. Results and Discussion

5.1. Results of modeling-simulation

Figure 2 shows the evolution of the various tempe-

ratures (glazing, brackish water, evaporator, 1st DIFICAP

plate, condenser), in timing function. The glazing tempe-

rature reaches 65°C between solar midday and 14 hours.

The brackish water’s temperatures and the absorber’s

within the basin vary almost in the same way and  are

almost superimposed.

On Figure 3, we notice that the ambient temperature

varies from 25°C to 40°C (August in the south of

Algeria), corresponding to the same pace obtained in the

experiments.

The first plate temperatures of DIFICAP and the

condenser plate, reaches 64°C and 50°C respectively. 

Figure 4 shows  that the distillate flow reaches a

median value of 2.12 L/h/m2 with  a constant feeding

rate of about 0.124 L/h) corresponding to an average

solar flow of 27.96 MJ/m2/d. The distillate flow

increases in line with the brackish water’s temperature

to reach 2.114 Kg/m2/d at 40 °C and  2.618 Kg /m2/d at

60°C (Figure 5).

The average conversion rate (defined as the link

between the two flows of distillate and feeding water) is

about 28% in solar midday (Figure 6). But the total

conversion rate does not exceed 13%.

Figure 3. Temperature variations of the device constituents.

Figure 4. Ambient temperature according to time.

Figure 5. Mass flow evolution: inlet, outlet, distillate.
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6. Comparative Study

Figure 7 presents a comparative study between the

incidental solar radiation given in experiments and the

radiation calculated according to the Kasten [12]

formula. The comparison gives the curve shapes of each

of the device’s components temperatures (Figures 8a,

8b, 8c, 8d), and shows a very good correspondence

between the two simulation results and the experiment,

not in terms of the curves only, but also on the quantities

of distillates obtained on the condensation walls of the

multi-effect distiller. We can observe that the daily

cumulative resulting from simulation (8.94 L/m2/d)

comes close to that obtained by the experiment.

Figure 6. Distillate flow according to temperature.

Figure 7. Rate of conversion according to time.

Figure 8. Comparison between radiation flow into

theoretical and experimental.

Figure 9-a. Comparison between theory and expe-

riment for glass temperature

Figure 9-b. Comparison between theory and expe-

riment for brackish water temperature 

Figure 9-c. Comparison between theory and expe-

riment for evaporator temperature
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Figure 9-d. Comparison between theory and expe-

riment for the DIFICAP’s  first plate temperature 

Conclusion and Prospects

Our work pertains to the theoretical study and experiment of a traditional solar distiller coupled with a capillary

film distiller, of reliable capacity and with a very simple design. The model developed at this point makes it possible

to simulate the functioning of this new configuration. The solution of the heat balance and mass equations of the

newdistiller, at a fixed feeding rate, provides the temperatures of the device’s various components, as well as the inci-

dental flow and the environment’s temperature in time.

The comparison of the experiment’s results and those of the simulation is used to prove the reliability of the

model. The curves obtained through experimentation and simulation follow an identical pace. Since the heat absorbed

by the DIFICAP’s first plate does not come from the received solar energy only but is also related to the condensation

latent heat on this plate, it is possible to re-use this heat to evaporate another quantity of water which streams on a

fabric affixed to the plate’s back face.

Our efforts are directed towards the search for optimal conditions for using this prototype: multiplication of the

number of stages, an increase in the solar flow by the DIFICAP’s receiving plate slope, and a better dimensioning

for the reduction of thermal losses.

TABLE 4. Comparison of Productivity

Glass

Metal plate

Condenser (DIFICAP)

Overall

4.53

2.98

2.24

9.762

4.87

1.51

2.05

8.43

Surface

condensation

Numerical 

(l/j/m2)

experimental

(l/j/m2)
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a :

Cp i :

Dc :

E i :

G :

h :

hcl2 :

hrl2 :

hm :

Lv :

le :

lv :

ma :

ms :

Mdi :

P :

T :

Yi :

Si :

Nomenclature

Thermal diffusivity m2.s-1

Specific heat  J.°C-1.Kg-1

Air vapor diffusivity m2.s-1

Thickness m

Global radiation W.m-2

Vertical plate height m

Coefficient of exchange by convection W.°C-1.m-2

Coefficient of exchange by radiation W.°C-1.m-2

Exchange Mass coefficient m2.s-1

Evaporation latent heat J.Kg-1

Basin length m

Glass length m

Feed rate of saline water Kg.m2.j-1

Residue mass rate Kg.m2.j-1

Mass rate of distillate Kg.m2.j-1

P pressure N.m-2

Temperature °C

Thermal coefficient °C.m2.j-1

Evaporating or compensating area m2

.

.
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Abstract

T
he impact of gaseous

emissions from the ‘E’

flow station on the Oguta

Lake ecosystem and its as-

sociated tributaries was in-

vestigated by measuring

gas concentrations over a

one year period using digi-

tal gas analyzers. These re-

sults show that the mean

concentrations of SO2,

NO2, CO, NH3, H2S and CH4 at the ‘E’ flow station were

16.67, 0.69, 12.33, 2.97 and 4.02ppm respectively, while

these concentrations at Oguta Lake were 0.29, 0.25,

5.29, 0.16, 0.3 and 0.9ppm respectively. The results in-

dicate that SO2 and NO2 concentrations at the ‘E’ flow

station and Oguta Lake do not meet ambient air quality

standards [1] and thus constitute a threat to the lake and

its watershed. Apart from direct health impacts such as

respiratory illnesses, poor

visibility and aggravation

of asthma (which fisher-

men and other lake users

might face), some of these

gases (SO2 and NO2) cause

the formation of acid rains.

The slightly acidic nature

of Oguta Lake and its as-

sociated tributaries is attri-

buted to gaseous emissions

from the nearby ‘E’ flow

station and this is inimical

to the sustainable development of the lake in terms of

water supply, tourism and fisheries development. The use

of scrubbers and the construction of a gas re-injection

plant at the study area would serve as respectively short

and long term remediation measures.

Keywords: Acid rain, Ambient air quality, Gas analyzers,

Gas reinjection plant, Scrubbers.
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1. Introduction

The Oguta Lake is the largest natural fresh water

resource in the State of Imo, Eastern Niger Delta Basin,

South Eastern Nigeria. It is located on an elevation of

about 50m, precisely within the latitudes of 5° 41/ and

5° 44/ North and the longitudes of 6° 45/ and 6° 51/ East

(Figure 1).  The lake originated as an ox-bow shaped lake

from Orashi River during the Late Quaternary Gla-

ciation of the northern high latitudes which corresponds

to the Pluvials in the Tropics [2]. Orashi River witnessed

an incised meandering that continued to swell out into a

broad loop with a gradual narrowing of its neck that was

later cut off into a large ox-bow lake (Oguta Lake)

during the 12,000-7,000 years of the Pluvial Age. The

current linear shape of the lake which masks the initial

ox-bow shape may be the result of active erosion at

Njaba River end. Satellite imagery reveals the presence

of an ox-bow lake in the Oguta area. The surface area of

the lake during the dry and wet seasons is measured at

1.8 and 2.5km2, while the maximum depth of the lake is

8.0m. The lake has a mean depth and shoreline length of

5.5m and 10km respectively [3]. The lake’s annual water

storage is estimated at 16,185,500m3 while the portions

currently covered by water and eutrophication represent

respectively 60% and 5% of the lake’s total area [4].

Gaseous emissions, especially SO2 and NO2, from the

nearby ‘E’ flow station flare site are capable of forming

an acid rain deposition within and around the Lake,

thus reducing the pH of the lake and even that of its

associated rivers. The mean pH of the Lake is 6.06

which indicates that it is slightly acidic [5, 4]. This calls
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for constant monitoring of the ambient air quality at the

‘E’ flow station flare site, as well as within and around

the lake.

The continuous flaring of gases at flow stations in

the Niger Delta Basin constitutes a threat to the ambient

air quality in the area.

Oguta Lake is of tremendous benefit to both the local

community and surrounding areas, as well as to the Imo

State government. To the former, it serves as the main

source of domestic water supply in addition to its use for

transportation, recreation, fishing and sand mining

activities. To the latter, it constitutes a focal point for

research, sustainable tourism and sports development.

In view of this, there is a pressing need to preserve the

resource state and usefulness of the lake. Apart from the

regular physical and bio-chemical monitoring of the

resource, another important approach to the preservation

of the resource and sustainable use of the lake is the

constant monitoring of ambient air quality around and

within the Lake’s ecosystem.

2. Climate and Vegetation 

The study area is located within the equatorial rain

forest belt of Nigeria. The mean monthly temperature of

the area ranges from 25 to 28.4°C while the mean annual

precipitation averages 3.000 mm. Most of the rainfall is

recorded between the months of May and October [6].

The wet season (May-October) is characterized by

moderate temperatures and high relative humidity. The

dry period (November to April) is characterized by scanty

Figure 1. Map of the study area showing sampling locations
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precipitations, high temperatures and low relative humi-

dity [6]. The prevailing wind directions in the Oguta area

are mainly south-west, north-west and west. However,

the south-west wind direction is the strongest [7]. The

plant cover of the area includes shrubs and income-

generating trees such as oil palm (arecaceae), Indian

bamboo (bambusae), avocado pea (Persia Americana),

African bread fruit (Trelulia Africana), oil bean (pentac-

lethra mahophlla) and raffia palms (raphia ruffia). Due

to the relatively steep shoreline and significant water

current, aquatic macrophytes, especially the floating and

rooted submerged vegetation, are sparse. The 10km

shoreline is largely lined with a community of bank

macrophytes consisting of grasses such as Panicum

sengalense. The Orashi River end of the lake hosts a

sparse population of floating macrophtes such as Pistia

stratiotes, Azollia Africana, Salvinnia auriculata, Cera-

phyllum demersum Ulyiculariainflexa, water lilies-

Nymphyaea lotus, N.Macrantha. Plant life is poor and

restricted to the littoral zone (<1.5m depth). This consists

of Crinum natan and some unidentified grass with very

fine leaves [3].

3. Geological Setting and Hydrology

The study area (Figure 2) lies within the Niger Delta

basin of Nigeria which consists of three major litho-

stratigraphic units, namely (from top to bottom) the

Benin, Agbada and Akata Formations. The modern Niger

Delta started its growth after the Paleocene transgression

which was subsequently followed by a cycle of depo-

Figure 2. Monthly variations of gaseous emissions at the ‘E’ flow station



Cosmas A. Ahiarakwem / ISESCO Journal of Science and Technology - Volume 9, Number 16 (November 2013) (9-17)

12

sition in the Eocene and continued to present day [8].

The local geological setting of Oguta Lake indicates that

it falls within the Benin Formation which consists of

friable sands, shale/clay lenses, isolated gravel patches,

conglomerates and very coarse sandstones [9]. It is Plio-

cene to Miocene in age with a mean thickness of about

800m around the study area [10]. The surface geology of

the Oguta area show a predominance of iron-rich sands

that are occasionally pebbly and massively bedded [3].

Four rivers are associated with the Oguta Lake

resource. Two of the rivers (Njaba and Awbana) flow

into the lake, while the third one (Orashi) flows past its

southwestern end (Figure 1). A fourth associated river

(Utu) flows into the lake during the wet season only.

About 87.6% of the total annual water inflow into the

lake is from channel inflows from Njaba, Utu and Awbana

rivers [4]. Other water inflow sources are groundwater

and rainfall or precipitation. The lake is adequately

recharged all the year round. In addition to these rivers,

there is also some input from precipitation (rainfall).

4. Materials and Methods

Gaseous emissions at the ‘E’ flow station and Oguta

Lake were measured using a Growcon digital gas

analyzer. The equipment which is calibrated in parts per

million (ppm) has an accuracy of 0.01ppm. The

emissions were measured on a bi-monthly basis starting

in January, 2012 and ending in November, 2012. At

Oguta Lake, the measurement of gaseous emissions was

conducted at five gage stations designated S1 to S5

(Figure 1) and the mean bi-monthly values of the

emissions were computed and recorded. The measu-

rements of gaseous emissions at the ‘E’ flow station

were conducted 10m away from the flare point. The

flow station is located in Ezi- Orsu, about 9km away

from Oguta Lake.

5. Results and Discussion

The concentrations of SO2 at the ‘E’ flow station

vary from 18 to 26ppm with a mean value of 16.67ppm,

while NO2 varies from 0.50 to 0.90ppm with a mean of

0.69ppm. The CO concentration varies from 10 to 16ppm

with a mean of 12.33ppm while the NH3 ranges from

2.0 to 3.60ppm with a mean of 2.97ppm. The concen-

trations of H2S vary from 1.00 to 1.50ppm with a mean

of 1.26ppm, while CH4 concentrations vary from 3.50 to

5.0ppm with a mean of 4.02ppm (Table 1 and Figure 3).

The mean concentrations (in percentage) of SO2, NO2,

Figure 3. Monthly variations of gaseous emissions at Oguta Lake
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CO, NH3, H2S and CH4 are 43.9, 1.8, 32.4, 7.8, 3.3 and

10.6% respectively (Table 1 and Figure 4).

At Oguta Lake, the concentrations of SO2 vary from

0.20 to 0.43ppm with a mean value of 0.29ppm, while

NO2 concentrations vary from 0.16 to 0.40ppm with a

mean of 0.25ppm. CO concentrations vary from 4.00 to

7.00ppm with a mean of 5.29ppm while NH3 range from

0.09 to 0.21ppm with a mean of 0.16ppm. The concen-

trations of H2S vary from 0.20 to 0.50ppm with a mean

of 0.35ppm, while CH4 concentrations vary from 0.90 to

1.30ppm with a mean of 1.17ppm (Table 1 and Figure 5).

The mean concentrations (in percentage) of SO2, NO2,

CO, NH3, H2S and CH4 are 3.9, 3.3, 70.4, 2.1, 4.7 and

15.6% respectively (Table 1 and Figure 6). A compa-

rative illustration of the mean concentrations of gaseous

emissions at the ‘E’ flow station is shown in Figure 6).

TABLE 1. Concentrations (ppm) of gaseous emissions at the ‘E’ flow station

JAN

MAR

MAY

JUL

SEP

NOV

MEAN

MEAN, %

USEPA(2004)

Months

20

22

18

24

20

26

16.67

43.9

0.145

0.60

0.65

0.50

0.80

0.70

0.90

0.69

1.8

0.155

12

10

14

16

13

15

12.33

32.4

<35.5

3.50

2.00

3.00

3.50

2.20

3.60

2.97

7.8

1.00

1.20

1.40

1.15

1.30

1.50

1.26

3.3

5.00

3.50

4.00

3.50

3.60

4.50

4.02

10.6

SO2 NO2 CO NH3 H2S CH4

Concentrations (ppm) of gaseous emissions at Oguta Lake

JAN

MAR

MAY

JUL

SEP

NOV

MEAN

MEAN, %

USEPA(2004)

Months

0.35

0.20

0.22

0.30

0.25

0.43

0.29

3.9

0.145

0.20

0.16

0.23

0.18

0.30

0.40

0.25

3.3

0.155

4.70

4.00

7.00

5.26

6.00

4.80

5.29

70.4

<35.5

0.12

0.16

0.30

0.21

0.10

0.09

0.16

2.1

0.40

0.30

0.42

0.25

0.20

0.50

0.35

4.7

1.20

0.90

1.00

1.50

1.30

1.10

1.17

15.6

SO2 NO2 CO NH3 H2S CH4
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Figure 5. Pie-chart of ambient air quality at the ‘E’ flow station

Figure 4. Mean concentrations of gaseous emissions at the ‘E’ flow station and Oguta Lake
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Field observations show that the main source of gaseous

emissions within and around Oguta Lake and its water-

shed is the gas flaring at the ‘E’ flow station.

Apart from farming and fishing activities, the

chemistry of the lake is constantly altered by the ambient

air quality within and around it. The investigation reveals

that the concentrations of SO2 and NO2 at the ‘E’ flow

station flare site and Oguta do not meet the norms of safe

air [1] and therefore constitute a threat to the environment.

However, other measured gaseous emissions are within

the norms of standard safe air [1]. In addition to the

direct impacts of high SO2 and NO2 gas concentrations,

such as respiratory illnesses, aggravation of asthma,

cardiovascular difficulties, poor visibility and aesthetic

damage, these gases contribute significantly to acid rain

deposition. For instance, NO2 reacts with water to form

two strong acids (nitrous and nitric acids) thus contri-

buting to acid rain formation (equations 1 and 2).

NO2 + H+   HNO2 …………  (1)

(In the presence H2O)   Nitrous acid

NO2+  OH- HNO3 …………  (2)

(In the presence of H2O)                Nitric acid

SO2 also reacts with water to form two strong acids

(Sulphur and Sulphuric acids), equations 3 and 4.

SO2(g) + H2O(1) H2SO3(Sulphurous acid) (3)

SO2(g) + 2OH- H2SO4(Sulphuric acid) (4)

Acid rain carries multiple threats for the environment

including damage to forests and destruction of aquatic

life. Acid rain deposits lower the hydrogen ion (pH)

concentrations of water resources. The high concen-

trations of SO2 and NO2 within and around Oguta Lake

have resulted in lower pH levels in the Lake and even in

its associated rivers. The mean pH of Oguta Lake

obtained over one year of monitoring was 6.06 while those

of the associated tributaries Utu, Awbana, Orashi and

Njaba were 6.35, 6.30, 6.20 and 6.40 respectively [4].

Oguta Lake has in fact already been reported to be acidic

28 years ago [11]. The acidic nature of Oguta Lake is

contrary to other surface water resources in Nigeria as

most Nigerian fresh water resources are alkaline. For

instance, the pH of Lake Chad is slightly alkaline [12]

while that of Lake Kainji ranges from 6.3 to 8.4 [13].

The upper Ogun River has a pH range of 6.9 to 7.9 [14],

Figure 6. Pie-chart of ambient air quality at Oguta Lake
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while the pH of the river Niger at Shagamu ranges from

7.09 to 7.96 [15].

Aquatic plants such as water hyacinth grow best

within a pH of 7.0 to 9.20 [16] and therefore cannot

thrive under a low pH. As the acidity level of surface

water increases, submerged aquatic plants decrease, thus

depriving aquatic fauna of their basic food source.  At a

pH of almost 6.0, freshwater shrimp cannot survive. At

a pH of about 5.50, deep-dwelling decomposition

bacteria begins to die, leaving behind un-decomposed

leaf litter and other organic debris to collect in the hypo-

limniom (bottom water). This deprives planktons of

their food and ultimately leads to their death.

As the accumulation of un-decomposed organic

matter resulting from leave debris increases, toxic metals

such as the aluminums, mercury and lead within this

debris are released. These toxic metals are inimical to

human health [16]. For instance, an excessive concen-

tration of aluminum (> 0.2mg/l) in water potentially

causes neurodegenerative disorders. Lead (when in

excess of 0.01mg/l) causes cancer, interferes with the

vitamin D metabolism, affects mental development in

infants, and is toxic to the central and peripheral nervous

systems. People who ingest mercury in contaminated

fish suffer serious health problems since mercury

concentrations higher than 0.001mg/l affect kidneys and

the central nervous system [16]. Below a pH value of

about 4.50, all fish will die (Bourodemos, 1974). Acidic

water attacks metals and destroys the paint of vehicles

and civil structures (buildings and overhead bridges).

The continuous gas flaring at the ‘E’ flow station at Ezi-

Orsu has the potential of critically reducing the pH levels

at Oguta Lake in the near future. This would result in the

release of excessive concentrations of heavy metals

(aluminum, lead, chromium, mercury and cadmium)

into Oguta Lake and thus cause its pollution. In turn,

this would have an adverse effect on the sustainable

development of the Lake in terms of water supply and

fisheries development. An appropriate pollution miti-

gation strategy is therefore urgently needed for Oguta

Lake and even for its associated tributaries.

Apart from the direct impacts and drop in pH levels

in Oguta Lake and associated river tributaries, gaseous

emissions contribute significantly to global warming,

which can increase the temperature of the Lake and,

thus, speed up its thermal stratification. It is important

to note that most thermally stratified lakes are eutrophic,

and eutrophication is inimical to sustainable transport

and tourism development.

Conclusion

The ambient air quality within and around Oguta Lake indicates excessive concentrations of SO2 and NO2 which

has resulted in lower pH levels in the lake and its associated tributaries. A low pH level is capable of triggering the

release of toxic metals such as lead, mercury, aluminum, chromium and cadmium into the Lake and its associated

rivers. Apart from direct impacts such as respiratory illnesses, cardiovascular difficulties and aesthetic damage,

gaseous emissions contribute to global warming, resulting in an increase in the temperature of the Lake and nearby

water resources and speeding up their thermal stratification. Overall, ambient air quality is inimical to the sustainable

development of the Lake and its associated tributaries in terms of water supply, tourism, transport and fisheries

development.
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Abstract

T
his research focuses

on the use of vacuum

membrane distillation

(VMD) for seawater des-

alination. The aim of the

work is to estimate the fol-

lowing operating parame-

ters: progression of salt

concentration and  rejec-

tion rate of retentate in the

membrane module. The

mathematical equations are

derived from the energy

and mass balances. The

solar collector field sur-

face is 70 m2. A solar sys-

tem is used to ensure the

heating of seawater. The

production of electrical

energy required to operate

the unit is guaranteed by

photovoltaic cell panels.

The distillate flow rate at-

tains maximum value on a

typical summer day: 21

June (782 kg).

Keywords: Desalination,

Membrane Distillation,

Salinity, Solar Energy, Va-

cuum.
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1. Introduction

A desalination system is a complex multi energy

domain system comprising a power/energy flow across

several domains such as electrical, thermal, and hyd-

raulic [1]. Desalination has gained wider interest in the

last 50 years [2] due to the fact that 97% of all water on

the planet is saline. There are several technologies avai-

lable for desalination, one being the membrane sepa-

ration technique [3]. The main advantages of membrane

distillation lie in its simplicity and need for small tem-

perature differentials to operate. Membrane distillation

probably has its best application in desalting saline water

where inexpensive low grade thermal energy is avai-

lable, such as from industries or solar collectors. Among

the possible alternatives, membrane techniques offer

several advantages and fit in perfectly with world trends

in matters of energy management. Membrane distillation

is a relatively recent process. It uses hydrophobic porous

membranes to separate a solution physically. The pro-

cess’s driving force corresponds to the pressure and

temperature variation between the two sides of the

membrane. In VMD, seawater goes through one side of

the membrane and vacuum pumping is carried through

the other to speed up the evaporation of seawater and

the migration and diffusion of water vapor. Freshwater

can be obtained by water vapor condensation [4].

Clogging is one of the most important problems

encountered when using membrane techniques. It can

be defined as a decrease in the permeate flow with a

change in selectivity.

2. Modeling of the performance of a

desalination unit coupled with solar

energy

A program in the Matlab software enables us to

determine salt concentration as well as distillate flow.



M. Ben Romdhane, N. Frikha and S. Gabsi / ISESCO Journal of Science and Technology - Volume 9, Number 16 (November 2013) (18-21)

19

At the outlet of the solar field, the coolant (Q2) heats

the seawater at the inlet of the membrane module

through the exchanger. The temperature at the exit of

the exchanger must not exceed 80 °C in order to not

alter the mechanical resistance of the membrane. The

retentate outlet on the membrane module (Q6) is sent to

the heat exchanger. A supplement of seawater (Q0) is

added to this stream. The produced steam (Q5) feeds the

condenser. After total condensation, fresh water

extraction is provided by a peristaltic pump.

2.1 Dynamic models: membrane module

The objective is the study of transfer of matter and

energy in a hollow fiber module. The steam flow is de-

termined by the balance on the elementary volume dV. 

Assuming that the radial spread of heat is negligible,

all fibers will be at the same temperature of the con-

tainer z.

The heat balance on an elementary volume of the

fiber dV is:

The produced permeate flow Jv is given by the

following expression:

where :

km: the permeability of the membrane module de-

pends on the temperature and can be expressed as:

Pvide: vacuum pressure.

A1, A2, A3 represent the relationship of Antoine

constants.

2.2 Mass balance of the salt

The mass balance of the salt make it possible to

determine the evolution of salt concentration. Salt

concentration is expressed as the following:

3. Results and discussion

3.1 Evolution of salinity

Salt concentration has an impact on the lifespan of

equipment and production. In view of this, it is neces-

sary to study the way in which the salt concentration

accumulates. This allows the adjustment of the rejection

rate (R) to minimize the quantity of the salt accumu-

lated. Figure 2 shows the values of this quantity for four

different dates (21 June, 21 March, 21 September, 21

December).

This figure shows that the increase in the amount of

accumulated salt is important. It is approximately 2.6 kg

on 21 June. At a given point in time, there is a high

concentration of salt quantities. This leads to the clogging

of pipes and equipment. We therefore conclude that the

salt mass varies daily.

Based on these results, it is necessary to use the

retentate discharge at the membrane module to reduce

the quantities of salt accumulated in the facility.

Figure 1. Desalination unit of sea water coupled with a solar

membrane distillation.

(1)

(2)

(3)

Figure 2. Salt accumulated in the installation (R = 0).
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3.2 Impact of the rejection rate on salinity and production

3.2.1. Variation of salinity according to rejection 

Salt accumulation in the device is an unavoidable

problem. It is therefore necessary to make use of the

rejection rate parameter to minimize this salt concen-

tration. The rejection rates are equal to 0.05; 0.1; 0.15;

0.2 and 0.25. The results are shown in Figure 3.

According to Figure 3, it was found that the

rejection rate is an important factor influencing the

variation of salt concentration. The salt concentration on

21 June shifted from 49 g/l (R = 0.05) to 42 g/l (R = 0.1).

However, it is negligible for a discharge between 0.2

and 0.25.

3.2.2 Distillate flow rate depending on the rejection

rate

Previous results have shown that the rejection of the

membrane module-level reduces the amount of salt

accumulated in the device. The simulation also allows

the evaluation of the influence of rejection on the pro-

duction of desalinated water. This simulation is per-

formed at different rate values (0; 0.05; 0.1; 0.15; 0.2

and 0.25). Table 1 represents the results that show a

variation in the amount of desalinated water gathered on

the retentate rejection rate.

The amount of distilled water decreases gradually

while of the rejection rate increases. This is owed to the

fact that the rejection rate produces a loss of heat and a

decrease in temperature at the entrance to the membrane

module. Based on Table 1, the production is approxi-

mately 782 l/day in summer (mode without rejection).

By increasing the rate of 0 to 0.05 on a summer day, the

production decreases by 2%. Similarly, for each rejection

rate, it obtains the same value of  decrease (2%). 

Based on the pervious results, the optimal rejection

rate is less than 0.15. This value allows the minimization

of the amount of salt accumulated without a notable

effect on production.

Figure 3. Salt concentration according to the rejection rate of

retentate (21 June).

TABLE 1. Variation of the daily production flow as per

rejection rate (21 June).

R = 0

R = 0,05

R = 0,15

R = 0,2

R = 0,25

782

766

751

736

721

Rejection rate Qd (l/d)

Conclusion

This study is based on mathematical equations derived by the mass and heat balances performed on different de-

vices of the facility. The mathematical model proposed is provided by programming in the Matlab software. Accu-

mulated salt results in clogging at the level of the membrane module and pipes. This problem causes a decrease in

the production of distilled water. In this work, the progression of salinity in the facility was analyzed.  After that, we

determined the optimal rejection rate needed to decrease the amount of salt accumulated without causing a significant

drop in production levels.
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Abstract

I
n this work, an Artificial

Neural Network (ANN)-

based model for solar

energy prediction using cli-

matic parameters in a tro-

pical region (Garoua; 9.3 N,

13.4 E, altitude: 242 m)

was developed. Standard

multilayered, feed-forward

back-propagation neural

networks with different ar-

chitectures were designed

and programmed. Meteo-

rological data for a nine-

year period (1995-2003)

from NASA’s geo-satellite

database and the National

Meteorological Service

were used for training and

testing the network. Four

meteorological parameters

(sunshine duration, tempe-

rature, relative humidity and pressure) and two temporal

parameters (month and day), were used as inputs to the

network, while the solar radiation intensity was used as

the output of the network. The results of the best model

show that the correlation

coefficient between the ANN

predictions and the actual

global solar radiation (GSR)

intensities is close to 98%,

with a low value of mean

bias error (MBE= 0,072)

and root of mean square

error (RMSE=0,2), thus

suggesting a high reliabi-

lity of the model in evalua-

ting solar radiation. In

order to test the ANN

model, statistical analysis

is performed using the re-

sults obtained from other

models, including a linear

Angström-Prescott varia-

tion, a quadratic equation,

a logarithmic variation, an

exponential function, and

the Heliost_2 method. The

model seems promising for

evaluating the solar resource potential in places where

there are no monitoring stations, as in poor countries.

Keywords: Artificial Neural Network, Modelling, Solar

Radiation, Tropical Region.
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1. Introduction

The rapidly escalating demand for energy and rising

fuel costs, along with concerns about the global green-

house effect have generated tremendous interest in

sustainable energy utilization [1,2]. At present, many

governments are committed to finding a long-term

solution to this crisis through the valorisation of rene-

wable energy and encouraging a more decentralized

approach to power delivery systems. Information about

the availability of solar radiation on horizontal surfaces

is essential for the optimum design and study of solar

energy systems. The traditional way of gauging the

amount of global solar radiation (GSR) in a particular

region is to install pyranometers at as many locations as

possible, which requires daily maintenance and data

recording, and consequently increases the costs of GSR
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data collection. In the particular case of Cameroon, costly

maintenance problems and the malfunction of these

devices placed on irregularly visited sites have put an

end to this measuring program [3].

As a result, it is rather more economical to develop

mathematical and numerical methods for estimating

GSR using meteorological parameters [4-6].

Many studies are focused on the estimation of global

solar radiation using artificial neural networks in

various regions of the world [7]. Mohandes et al. [8]

applied ANN techniques to predict GSR using weather

data from 41 stations in Saudi Arabia. Lam et al. (2008)

used Artificial Neural Networks -ANNs- to develop

prediction models for daily global solar radiation using

measured sunshine duration for 40 cities covering 9

major thermal climatic zones and sub-zones in China [9].

Alam et al. (2009) used ANNs to estimate the monthly

mean hourly and daily diffuse solar radiation based on

climatic data from 10 Indian stations with different

climatic conditions [10]. Alawi & Hinai (1998) applied

ANNs to predict solar radiation in areas not covered by

direct measurement instrumentation [11]. The input data

used for building the network were the location, month,

mean pressure, mean temperature, mean vapour pressure,

mean relative humidity, mean wind speed and mean

duration of sunshine. Tasadduq et al., (2002) used neural

networks for the prediction of hourly mean values of

ambient temperature 24 hours in advance [12]. Full year

hourly values of ambient temperature are used to train a

neural network model for a coastal location in Jeddah,

Saudi Arabia. Elminir et al. (2005) applied ANN

modelling techniques to predict solar radiation data in

different spectrum bands from meteorology data for

Helwan’s (Egypt) meteorology monitoring station [13].

Sozen et al. [14] also used an ANN approach to map out

the solar potential in Turkey. Fadare et al. (2010) are

using an ANN to model the solar energy potential in

Nigeria. The model uses seven geographical and meteo-

rological parameters (latitude, longitude, altitude, month,

mean sunshine duration, mean temperature, and relative

humidity) as its input parameters [15].

For the estimation of GSR in Cameroon, a tropical

country, many engineers use the Glover & Mac Cullor

model. Ayangma et al. (2008) have proposed a linear

relation for the estimation of the monthly GSR as a

function of the sunshine duration for Garoua city in

north Cameroon using a linear Angström variation [16].

Njomo & Wald (2006) have proposed a Solar Irradiation

Retrieval in Cameroon from Meteosat Satellite Imagery

using the Heliosat_2 Method [3]. The reliability of the

Heliosat_2 Method for GSR estimation in Cameroon

was computed by Nguemené et al. (2010) [17].

The aim of this study is to investigate the feasibility

of using ANN to model the non-linear relationship

between solar radiation and other meteorological

parameters (mean sunshine duration, mean temperature,

mean pressure and mean relative humidity as input

parameters). These meteorological parameters are deli-

berately selected as observation for two reasons. The

first one is their obvious relation to the solar radiation

data, and the second reason is the simplicity and low cost

of their measurement equipments. The study is conducted

for the city of Garoua (9.3 N, 13.4 E, altitude: 242 m), a

tropical region characterized by a Sudanese-Sahelian

climate and located in the north of Cameroon. In order

to test the ANN model, statistical analysis is performed

using results obtained from other models, including a

linear Angström-Prescot variation, a quadratic equation, a

logarithmic variation, an exponential function and the

Heliost_2 method.

2. Materials and Methods

2.1 Background

2.1.1 Neural Network

A neural network is a massively parallel distributed

processor made up of simple processing units that have

a natural tendency for storing experiential knowledge

and making it available for use. An Artificial Neural

Network (ANN) is a type of artificial intelligence tech-

nique that mimics the behaviour of the human brain [18].

ANNs have the ability to model linear and non-linear

systems without the need to make implicit assumptions

as in most conventional statistical approaches. They

have been applied in various aspects of science and

engineering [19, 20]. ANNs can be grouped into two
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major categories: feed-forward and feedback (recurrent)

networks. In the former network, no loops are formed

by the network connections, while one or more loops

may exist in the latter. The most commonly used family

of feed-forward networks is a layered network in which

neurons are organized into layers with strictly one-

directional connections from one layer to another [21].

2.1.2 Multilayer Perceptron (MLP)

MLPs are the most common type of feed-forward

networks [22]. Figure 1 shows an MLP which has three

types of layers: an input layer, an output layer and a

hidden layer.

Neurons in the input layer only act as buffers for

distributing the input signals xi (i=1, 2 …n) to neurons

in the hidden layer. Each neuron j (Figure 2) in the

hidden layer sums up its input signals xi after weighting

them with the strengths of the respective connections wji

from the input layer, and computes its output yj as a

function f of the sum.

(1)

Figure 1. General outline of the Heliosat_2 method [3] 

Figure 2. A multi-layered perceptron (MLP) network
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f can be a simple threshold function or a sigmoidal,

hyperbolic tangent or radial basis function. The output

of neurons in the output layer is computed similarly. The

back propagation algorithm, a gradient descent algo-

rithm, is the most commonly adopted MLP training

algorithm. It gives the change Dwji the weight of a con-

nection between neurons I and j as follows:

Dwij = ηdjxi (2)

Where η is a parameter called the learning rate and

dj is a factor depending on whether neuron j is an input

neuron or a hidden neuron. For output neurons,

And for hidden neurons;

In Eq. (3), netj is the total weighted sum of input

signals to neurons j, and      is the target output for

neuron j. As there are no target outputs for hidden

neurons, in Eq. (4), the difference between the target

and the actual output of hidden neurons j is replaced by

the weighted sum of the dq terms already obtained for

neurons q connected to the output of j. The process

begins with the output layer, the d term is computed for

neurons in all layers and weight updates iteratively

determined for all connections. The weight updating

process can happen after the presentation of each

training pattern (pattern-based training) or after the

presentation of the whole set of training patterns (batch

training). The training phase is completed when all

training patterns have been presented once to the MLP.

A commonly adopted method to speed up the

training is to add a “momentum” term to Eq. (5) which

effectively lets the previous weight change influence the

new weight change:

Where Dwij (I + 1) and Dwij (I) are weight changes in

phases (I + 1) and (I), respectively, and μ is the

“momentum” coefficient [23].

2.2 Model description and design

The designing of ANN models follows a number of

systemic procedures. In general, there are five basics

steps: collecting data, pre-processing data, building the

network, training, and testing model performance as

shown in Figure 8.

2.2.1 Data collecting and pre-processing

In this work, the mean temperature (°C), sunshine

duration (hours), mean relative humidity (%), mean

atmospheric pressure (kPa) and solar radiation (kWh/m2)

for the Garoua  city as provided by the National Meteo-

rology Service and the NASA geo-satellite database

were used for the training and testing of the network for

the period between 1995 and 2003. 60% of that data

(1974 samples) are used for training the MLP, 20% of

the data (657 samples) are used for the validation, and

20% for testing the models. After data collection, three

data pre-processing procedures are conducted to train

the ANNs more efficiently. These procedures are: solve

the problem of missing data, normalize data and rando-

mize data. Missing data are replaced by the average of

neighbouring values during the same week. The norma-

lization procedure that precedes the input data to the

network is generally a good practice since mixing

variables with large and small magnitudes will confuse

the learning algorithm on the importance of each variable

and may force it to finally reject the smaller magnitude

variable [24].

Figures 3, 4, 5, 6 and 7 show the time-series plot of

the three measured weather predictors, namely mean

temperature (T), sunshine duration (SD), relative

humidity (RH), and atmospheric pressure (P), as well as

the mean daily global solar radiation (GSR, dependent

model variable) for Garoua between 1995 and 2003. All

the plots show a clear seasonal component of a 365-days

period. These plots can help examine the correlation

between the output variable (GSR) and the four weather

predictors.

(3)

(4)

(5)
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Figure 3. Detail of the perceptron process

Figure 4. Measured sunshine duration for Garoua city between 1995 and 2003

Figure 5. Measured relative humidity for Garoua city between 1995 and 2003
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Figure 6. Measured temperature for Garoua city between 1995 and 2003

Figure 7. Measured pressure for Garoua city between 1995 and 2003

Figure 8. Measured global solar radiation for Garoua city between 1995 and 2003
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2.2.2 Building and training the network

At this stage, the designer specifies the number of

hidden layers, neurons in each layer, transfer function in

each layer, training function, weight/bias learning

function, and performance function.

During the training process, the weights are adjusted

to make the actual outputs (predicated) close to the

target (measured) outputs of the network. In this work,

no transfer function is used in the neurons in the input

layer, while neurons with tangent sigmoid (tansig) and

linear (purelin) transfer functions are used in the hidden

layer(s) and output layer, respectively. Levenberg-

Marquardt learning algorithm is used for the training of

the network. 

2.2.3 Testing the network

The next step is to test the performance of the

developed model. At this stage, unseen data are exposed

to the model. For the case study of Garoua, 657 samples

of weather data have been used for testing the ANN

models.

In order to quantitatively evaluate the performance

of the developed ANN models and verify whether there

is any underlying trend in the performance of ANN

models, statistical analysis involving the coefficient of

determination (R2), the root mean square error (RMSE),

and the mean bias error (MBE) was conducted. RMSE

provides information on the short term performance

which is a measure of the variation of predicated values

around the measured data. The lower the RMSE, the

more accurate the estimation is. MBE is an indication of

the average deviation of the predicted values from the

corresponding measured data and can provide

information on the models’ long term performance. The

lower the MBE, the better the long term model

prediction. A positive MBE value indicates the amount

of overestimation in the predicated GSR and vice versa.

The expressions for the aforementioned statistical

parameters are:

2.3. Empirical modelling approaches for GSR

estimation

The selected and tested conventional models

compute the GSR as a function of the fraction of sun-

shine duration.

The first model is based on a linear Angström-

Prescott variation [25, 26]:

The second model is based on a quadratic equation

[27]:  

The third one is based on an exponential function

[28]:        

The fourth one is based on a logarithmic variation

[6]:

The values of ai, bi and ci are computed from an

algorithm that minimizes the sum of square error.

Go is the extraterrestrial radiation computed from

equation (12) while SDo indicates the maximum

sunshine duration obtained from equation (15)[6].

Where I0 denotes the solar constant fixed to 1367

W/m2,   L the latitude , W the horary angle, n the number

of the day from the first of January and d the

declination.

(10)

(6)

(7)

(8)

(9)

(12)

(11)
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3. Simulations, Results and Discussion

3.1 Neural Network Simulation Results

This section presents the best results achieved

through the MLP and ANN models. Table 1 shows the

computed values of R2, RMSE and MBE for the deve-

loped ANN model considering two different network

structures. For the network structure identification used

in the second column of Table 1, the first number indi-

cates the number of neurons in the input layer, the last

number represents neurons in the output layer, and the

numbers in between represent neurons in the hidden

layers.

Model 1 is the best among the investigated models

for long performance prediction as it yields low MBE

and RMSE values and a 98 % determination coefficient.

The input parameters used in the selected model are the

mean temperature, the daily sunshine hours, the mean

relative humidity, and atmospheric pressure. The low

value of the regression coefficient in model 2 confirms

that out of all input parameters, sunshine duration is the

one that influences global solar radiation the most.

To illustrate the accuracy of the proposed modelling

approach, the correlation coefficient (R-value) between

the predicted and actual values of the monthly mean

global solar radiation is shown in figure 10, for training,

testing and the whole datasets. R-values of 0.9826,

0.9769, and 0.9813 were obtained for the training,

testing and whole dataset, respectively (Figure 10). The

values obtained (0.9813) constitute reasonable proof of

the efficiency of the proposed method and show that

ANN-predicted solar radiation values are very close to

the actual values for all datasets.

For further clarity on the ANN model accuracy, the

prediction error plots obtained from model 1 are

presented in Figure 11. One important observation can

be made from Figure 11, namely that the energy of the

prediction error is much lower than the solar data. The

measured and ANN predicted values of solar radiation

are both represented in the same graph (Figure 12). As

confirmed by the regression parameter, the two curves

have the same shape.

3.2 Validation

In order to place the work in perspective with other

published research, the accuracy of the proposed ANN

model is compared with that of previously developed

models. Firstly, the solar radiation monthly mean values

are computed from daily data. Figure 13 shows the com-

parison between the predicted ANN models (model 1),

the model developed by Ayangma et al. [16] using the

Angstrom-Prescott relation, and the model investigated

by Njomo & Wald [3] using the heliosat_2 method for

the same locality. The results of the comparison reveal

that the ANN-based solar radiation model is accurate for

the prediction of solar radiation in Garoua.

Table 2 gives the parameters of the equations

obtained from the conventional modelling approaches

described earlier. To illustrate the accuracy of the

modeling approach, values generated by the ANN

model, those of conventional methods and the measured

data from Garoua city are plotted in an overlay form in

Figure 13. Observations made from Figure 13 confirm

that the GSR measured by the developped ANN model 1

is the most consistent with the measured data.

(13)

(14)

(15)

TABLE 1. Input and statistical error parameters of deve-

loped models for different neural network structures

1

2

M-D-T-RH-SD-P

D-M-T-RH-P

0,0072

0,098

Model Model input

6 – 65 – 1

5 – 192-1

Network-

structure

0,93

0,61

R2

0,2

1,34

RMSE MBE

TABLE 2. Equations and statistical error parameters of

conventional models

Linear

Quadratic

Logarithmic

Exponential

GSR/G0 = 0.1418 + 0.6755 (SD/SD0)

GSR/G0 = -0.0867 + 0.346 (SD/SD0)+0.867 (SD/SD0)
2

GSR/G0 = 0.769 + 0.424ln (SD/SD0)

GSR/G0 = - 0.1023 + 0.355 exp(SD/SD0)
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Figure 9. Procedure for the designing of ANN

Figure 10. Performance of the ANN model for prediction of solar radiation in Garoua.
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Figure 11. Absolute error (kWh/m²) between the measured and computed data

Figure 12. Comparison of present ANN model 1 with other models for the city of Garoua.
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Figure 13. Comparison of present ANN model 1 with conventional models

Conclusion

In this work, MATLAB Software was used to design an ANN model for the prediction of daily and monthly ave-

rage global solar radiation for the city of Garoua in Cameroon. Meteorological data between 1995 and 2003 were

used for training, validating and testing the neural network. Three different input combinations are modelled with

MLP. In the best case model, we obtained a deterministic coefficient close to 98 % and low MBE and RMSE values.

The results of the comparative study conducted indicate that the ANN can be used to predict solar radiation for any

region provided that comprehensive meteorological data, such as mean sunshine duration, mean temperature, mean

pressure and relative humidity, are available. In order to test the ANN model, statistical analysis is performed using

the results obtained from other models, including a linear Angstrom-Prescott variation, a quadratic equation, a lo-

garithmic variation, an exponential function and the Heliost_2 method. The model seems promising for evaluating

the solar resource potential in places where there are no monitoring stations. This work is the first attempt to generate

a weather model using ANN for a city in Cameroon.
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Abstract

T
his study aims to in-

vestigate the effects of

solvents of various pola-

rities on the electronic ab-

sorption and fluorescence

spectra of RhB and Rh6G.

The singlet‐state excited

dipole moments (me) and

ground state dipole mo-

ments (mg) were estimated

from the equations of Bak-

shiev -Kawski and Chamma‐

Viallet using the variation

of Stokes shift along with

the solvent’s dielectric constant (e) and refractive indexes

(n). The observed singlet‐state excited dipole moments

were found to be larger

than the ground‐state ones.

Moreover, the obtained fluo-

rescence quantum yield va-

lues were influenced by the

environment of the fluo-

rescing molecule. Conse-

quently, the concentration

of the dye solution, excited

singlet state absorption and

aggregate of dye molecules

has been found to affect the

values of the fluorescence

quantum yield.

Keywords: Absorption, Fluo-

rescence, Ground state and excited state dipole moment,

Laser dye, Photo physics, Solvent effect.
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1. Introduction

The rhodamine dyes (RhB and Rh6G) are xanthene

dyes with a large variety of technical applications [1]. In

photochemistry, they are used as photo sensitizer [2-4]

and quantum counter [5], as well as the active medium

for tunable laser radiation in the visible region of light

spectrum. They are red to violet in color [6]. The fluo-

rescence quantum yield (Qf) is one of the key photo-

physical quantities amenable to direct experimental

determination. The quantum yield of fluorescence is a

measure of the rate of non radiative transitions that

compete with the emission of light. Knowledge of the

fluorescence quantum efficiency of organic dyes as con-

centration dependent is essential in selecting efficient

laser media. Conventional measurements require the use

of accurate luminescence standard samples and compa-

rison of the given sample with a standard for which the

fluorescence yield is known [5].

Knowledge of the environmental effects on the

spectra and the quantum yields of fluorescence is neces-

sary for the utilization of these fluorescence materials to

their maximum potential. The environmental factors that

affect the phenomena of fluorescence are interactions

with solvent and other dissolved compounds, tempe-

rature, pH and the concentration of fluorescence

materials. The absorption and emission spectra as well

as the quantum yields of the fluorescent molecules are

influenced by these four parameters. Solvent effects on

the absorption and emission spectra of various dyes have

been investigated by several authors [7-10]. Prior to dis-

cussing the results for fluorescence efficiency values of

RhB and Rh6G, there are a number of other measu-

rement and calculation aspects that should be considered.

The study of the dipole moment of an electronically

excited state of a molecule is an important property that

provides information on the electronic and geometrical

structure of the molecule in the short-lived state.
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The methods of determining the singlet excited-state

dipole moment are based on the spectral shift caused

either externally by electrochromism or internally by

solvatochromism. The solvatochromic method is based

on the shift of absorption and fluorescence maxima in

solvents of different polarities. Experimental and theo-

retical studies on ground state (mg) and excited-state (me)

dipole moments in a variety of organic fluorescent com-

pounds such as coumarins, indoles, purines, fluorescein

and laser dyes are reported [11-18].

The knowledge of absorption and fluorescence

characteristics of these dyes in various solvents at dif-

ferent temperatures helps in understanding their use as

laser dyes. The excited state dipole moment of a dye is

an important parameter as it provides information about

the change in electronic charge distribution due to exci-

tation. Prior knowledge of the dipole moments in excited

states is often useful in the design of non‐linear optical

material. The solvatochromic technique gives important

information about electronic transitions, which is quite

useful for the assigning of n→p* or p→p* transitions.

It is an established way of determining the dipole

moments in ground and excited states for short-lived

states based on a linear correlation between the wave

numbers of the UV- VIS spectra of solute and solvent

polarity function of e (dielectric constant) and n (refrac-

tive index) of the solvent.

In this paper, the absorption and emission spectra of

RhB and Rh6G dyes with different solvents at various

concentrations and the singlet‐state excited dipole

moments (me) and ground state dipole moments (mg), as

well as the values of the fluorescence quantum yield,

were estimated.

2. Experimental Procedure

Rhodamine B (C28H31N2O3Cl) {Eastman Kodak

Com.} with molecular weight 479.02 g/M and rhoda-

mine 6 G (C28H31N2O3Cl) {Eastman Kodak Com.} with

molecular weight 479.02 g/M were used for this research;

their molecular structures are as shown in Figure 1. RhB

and Rh6G solutions at different concentrations varying

from 10-6-10-4 M/l were prepared from chloro-form,

methanol and dimethyl sulfoxide (all analytical grad,

Fluka Com.) using the relation reported in equation (1):

m = C*V*M                                                                     (1)

Where m is the mass of dye in grams (gm); C is the

final concentration in mole/liter (mol/L); V is the volume

of the solvents in liter (L); and M is the molecular weight

of the dye in gram/mole (gm/mol).

The absorption and florescence spectra were mea-

sured using Shimadzu spectro-fluorimeter model RF-500

illustrated in Figure 2. The quantum efficiencies were

measured by the comparative method [7] using Rh6G in

methanol with a quantum efficiency of 94% as standard

solutions.

Absorption and emission spectra of RhB and Rh6G

dyes in solvents of different dielectric constant (e) and

refractive index (n) values were also measured. The

emission spectra were measured by exciting the sample

at its maximum absorption.

a- Rhodamine B

b- Rhodamine 6G

Figure 1. The molecular structure of a) Rhodamine 6G and

b) Rhodamine B.
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3. Results and Discussion

Figures 3, 4, 5 and 6 show the recorded absorbance

and fluorescence spectra of RhB and Rh6G dyes in chloro-

form, methanol and dimethyl sulfoxide respectively.

Figures 7 and 8 represent the peak fluorescence

wavelength (pfw) of RhB and Rh6G as a function of

concentration in chloroform, methanol, and dimethyl

sulfoxide as the respective solutions. A concentration-

dependent change in the fluorescence spectra was

observed. The fluorescence spectrum for the highest

concentration differs strongly from that recorded at the

lowest concentrations. These differences were significant

as could be seen from the red shift of fluorescence and

enhancement of the half width of the fluorescence spec-

trum with increasing concentrations (Figures 7 & 8). The

observed spectral shift can be used as a guide to ascertain

the interaction of the dye with the solvent media. It can

be seen that the pfw increases with concentration and the

fluorescence spectra of the dye decreases (that is, are

shifted to smaller energies) against the increase in dye

concentration. Bindhu et al. [19], employing the transient

thermal lens technique (TL), found out that the value of

the pfw increases with varying concentrations of Rh6G

laser dye in alcohol and ethylene glycol solutions.

Figure 2. Schematic of the Shimadzu spectro-fluorimeter model

RF-500 apparatus. (1) Xenon lamp; (2) Condenser ellipsoidal

mirror (SiO2 coated); (3) Excitation slit assembly; (4) Concave

mirror; (5) Concave diffraction grating (for excitation); (6) Beam

splitter quartz plate; (7) Teflon reflector No.1; (8) Teflon reflector

No.2; (9) Optical attenuator; (10) Monitor photomultiplier, R212-

09; (11) A couple of light-collecting lenses; (12) Cell; (13) Light-

collecting lens; 14) Emission slit assembly; 15) Concave diffraction

(for emission); (16) Concave mirror; (17) Photometric photomulti-

plier R452-01; (18) Focus; (19) Entrance slit; (20) Exit slit; (21)

Light beam balancing aperture.

Figure 3. The absorbance spectra obtained for RhB in

different solvents.

Figure 4. The absorbance spectra obtained for Rh6G in

different solvents.

Figure 5. The fluorescence spectra obtained for RhB in different

solvents.

Figure 6. The fluorescence spectra obtained for Rh6G in different

solvents.
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The observed absorption and emission maxima, wave

numbers, Stokes shift (va‐vf) and ½(va+vf) of the mole-

cules were also studied. The charge transfer band shows

a shift in the absorption spectra on changing the solvent

while the emission spectra shows a larger shift com-

pared to the absorption spectra as illustrated in Table 1.

The smaller variation in the absorption shift with

solvent indicates that the ground state energy distri-

bution is not significantly affected, possibly due to the

less polar nature of the dyes in the ground state than in

the excited state. The values of solvent dielectric

constant and refractive index (e, n) can be correlated to

Stokes shift (the shift between the ground state and

excited state transitions of dyes), i.e. the large Stokes

shift is also indicative of the charge transfer transition.

The large magnitude of the Stokes shift indicates that

the excited state geometry could be different from that

of the ground state. Generally speaking, increases in the

Stokes shift value are a function of an increase in solvent

polarity, which indicates an increase in the dipole moment

of the excitation state. In such cases, the relaxed excited

singlet‐state (S1) will be energetically stabilized com-

pared to the ground state (S0) and a significant red shift

of fluorescence will be observed. A variety of equations

have been proposed [20, 21] to describe the effects of

the physical properties of a solvent on the emission

spectra of fluorophores. In all these treatments, the

solvent is regarded as a continuum containing the fluoro-

phore. The interactions between the solvent and fluoro-

phore molecules affect the energy difference between

the ground state and the excited state. This energy diffe-

rence is a property of the refractive index (n) and

dielectric constant (e) of the solvent. Within the zero-

order approximation, the solute-solvent interaction is

considered to be primarily of dipole-dipole nature

including dispersion interactions. This article presents

different solvent parameters such as dielectric constant (e),

refractive index (n) [Table 2] and spectral parameters

(e.g. Stokes shift) related to dipole moments as sug-

gested by Kawski [21], Bakshiev[22] and Chamma‐

Viallet [23].

Figure 7. The variation of peak fluorescence wavelength (pfw)

with concentration for RhB in different solvents.

TABLE 1. Solvatochromic data of RhB and Rh6G in different solvents

RhB

C=10-5 M/L

R6G

C=10-5 M/L

Dye

Chloroform

Methanol

Dimethylsulfoxide

Ehloroform

Methanol

Dimethylsulfoxide

Solvent

563.79

556.1

555.4

563.8

536.15

540

579

573.3

586

578.9

559.9

564.75

17736.80

17982.37

18005.04

17736.26

18651.49

18518.51

17271.15

17442.87

17064.84

17271.148

17860.33

17706.94

465.65

539.5

940.2

465.11

791.16

811.57

17712.62

17534.94

17503.97

18255.91

18112.73

1793605

λa (nm) λf (nm) va (cm-1) vf (cm-1) Δv=va- vf(cm-1) Δv=va+vf(cm-1)

Figure 8. Variation of the peak fluorescence wavelength (pfw)

with a concentration for Rh6G in different solvents.
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A simplified quantum mechanical second order

perturbation theory of absorption (va) and fluorescence

(vf) band shift in different solvents of varying per-

mittivity (e) and refractive index (n) relative to the band

position of a solute molecule was obtained based on the

following equations[24]:

va- vf = m1F1(e,n)+const (2)

1/2(va+ vf) =- m2F2(e,n)+const (3)

Where va and vf are the 0-0 absorption and fluo-

rescence maxima wave number is in cm-1, respectively,

the expression for F1(e, n) [Bakshiev’s polarity function]

and F2(e, n) [Kawski and Chamma‐Viallet’s polarity

function] are given as:

F1(e,n)= [(2n2 + 1)/ (n2 + 2)][{(e -1)/(e + 2)}−{(n2 -1)

/(n2 + 2)}] (4)

F2(e,n)= (1/2) F1+[(3/2){(n4-1)/2(n2+2)2}]             (5)

with

m1= 2(me - mg)
2/hca3 (6)

m2= 2(me
2 - mg

2)/hca3 (7)

me and mg are the permanent dipole moments in the

excited and ground states of solute molecules respecti-

vely, h is Planck's constant, c is the speed of light in a va-

cuum and a is Onsager’s cavity radius. The parameters

m1 and m2 can be determined from absorption and fluo-

rescence band shifts. If the ground state and excited state

are parallel then by using the above equations, the values

of me and mg can be obtained from equations 6 and 7:

mg= {(m2-m1)/2}(hca3/2m1)
1/2 (8)

me= {(m1+m2)/2}(hca3/2m1)
1/2 (9)

The ratio of the dipole moment in excited state to

ground state is equal to:

(me/mg) = (m1+m2)/ (m1-m2)                                        (10)

The parameters m1 and m2 occurring in the diffe-

rences (va‐vf) and the sum ½(va+vf) of the wave‐

numbers are linear functions of the solvent polarity

parameters, F1 (e, n) and F2 (e,n) respectively and can be

determined from the slopes of the linear fits (Table 2).

Onsager’s cavity radii ‘a’ can be obtained from the

molecular volume of molecules, given by Suppan’s

equation [25]:

Where M is the molecular weight of the dye; r is the

density of the dye, assuming 1.0 gm/cm3; N is the

Avogadro’s number, which was used in calculating the

radii of RhB and Rh6G in this research work and was

found to be equal to 0.575 nm for both RhB and Rh6G

since both dyes have the same molecular weight.

Figures 9-12 show graphs of spectral shifts (va‐vf)

and ½(va+vf) in cm-1 of RhB and Rh6G with polarity

function F1 (e, n) and F2 (e, n) respectively.

(11)

TABLE 2. Calculated values of polarity functions for RhB

and Rh6G dyes.

Chloroform

Methanol

Dimethylsulfoxide

Solvents

4.81

33.000

47.24

1.442

1.374

1.478

0.37

0.856

0.842

0.49

0.651

0.744

e n F1(e,n) F2(e,n)

Figure 9. The linear fit of (va-vf) vs. F1 (e, n) of

RhB in different solvents.

Figure 10. The linear fit of 1/2(va+vf) vs. F2 (e, n)

of RhB in different solvents.

(v
a
-v

f)
c
m

-1
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The linear behavior of Stokes shift versus solvent

polarity function indicates general solvent effects as a

function of the dielectric constant and refractive index.

The slopes (m1 and m2) were taken into account in

calculating the ground and excited states dipole moment

(mg and me) of the two dyes. The change in the dipole

moments (mg and me) depends on m1 and m2 as well as

on the radius of the solute which is equal to (in Debye,

D) 2.079 and 4.194 D for RhB and 1.75 and 3.56D for

R6G, respectively.

The values of change in the dipole moment (Δm=

me‐mg) obtained are 2.115D for RhB and 1.805D for

R6G. Obviously, the dipole moment in the excited state

is significantly larger than the dipole moment in the

ground state. A study of the photo-physical properties of

coumarin (5BAMC and 4DHMC) molecules also

showed that the excited state dipole moment (me) is

greater than the ground state dipole moment (mg). The

increase in dipole moment in the excited singlet states

ranges between 2.5 to 3 D and it was concluded that

these two coumarins are more polar in excited states

than in ground states for all the solvents studied.

The dipole moments of a molecule in the ground and

excited states are different due to the changes in electron

densities in these states. Therefore, it was generally

observed that an increase in the stokes shift is a result of

a corresponding increase in solvent polarity and an

increase in the dipole moment on excitation. In spite of

the solvatochromic data being used in identifying the

spectra, namely p- p*, n-p* etc, it was observed that

increasing solvent polarity will cause the fluorescence

emission peak to undergo a bathochromic shift, con-

firming a p- p* transition. The shift of the fluorescence

wavelengths towards longer wavelengths could be a

result of the excited state charge distribution in the

solute being markedly different from the ground state

charge distribution, and as such giving a stronger inte-

raction with polar solvents in the excited state. The

experimental variations in the dipole moment values

can also be understood in terms of their possible reso-

nance structures.

Figures 13 and 14 show the variation of the quantum

yield Qf of RhB and Rh6G dyes in chloroform, methanol,

and dimethyl sulfoxide as a function of concentration. It

must be noted here that the quantum yield of the dye

solution decreases at higher concentrations irrespective

of the solvent used. The major mechanisms that may

prevent the fluorescence emission at these concentrations

are the triplet state absorption and aggregate formation.

The rapid decrease in Qf at higher concentrations can be

mainly attributed to the formation of dimers and higher

aggregates which have a zero or very small fluorescence

quantum yield. The competition between increasing

dimer absorption and decreasing monomer absorption

with increasing concentration plays a comparable (or

even greater) role than direct self-quenching of fluo-

rescence in decreasing quantum efficiency, which is in

agreement with early findings [26].

Figure 11. The linear fit of (va-vf) vs. F1 (e, n) of

Rh6G in different solvents.

Figure 12. The linear fit of 1/2(va+vf) vs. F2 (e, n) of

Rh6G in different solvents.
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In the present case, a significant reduction in fluo-

rescence quantum yield can be expected due to aggre-

gate formation at higher concentrations.

Figure 13. The variation of Qf with concentration of RhB

dye in different solvents

Concentration (mol/l)Concentration (mol/l)

Figure 14. The variation of Qf with concentration of Rh6G dye in

different solvents

Conclusion

The following conclusions may be drawn from the above findings: 

- Enhancement of the half width of the fluorescence spectrum at higher concentrations.

- The charge transfer band shows a shift in the absorption spectra on changing the solvent, whereas emission

spectra shows a larger shift compared to the absorption.

- The large magnitude of Stokes shift indicates that the excited state geometry is different from that of the ground

state.

- The interactions between the solvent and fluorophore molecules affect the energy difference between the ground

and excited states. This energy difference is a property of the refractive index (n) and dielectric constant (e) of

the solvent.

- The linear behavior of the Stokes shift versus solvent polarity function indicates general solvent effects as a

function of dielectric constant and refractive index.

- The dipole moments (mg and me) depend not only on m1 and m2 but also on the radius of the solute.

- The dipole moment in the excited state is significantly larger than the dipole moment in the ground state and

increasing in Stokes shift with rising solvent polarity as a result of an increase in the dipole moment on excitation. 

- The quantum yield of the dye solution decreases at higher concentrations irrespective of the solvent used. This

is due to the aggregate formation at higher concentrations.



Al-Tememee, Al-Ani and AbdAlfahdaw / ISESCO Journal of Science and Technology - Volume 9, Number 16 (November 2013) (34-42)

41

[1] L. Arbeloa and P. Ruiznojeda, “Molecular form of Rhodamine B”, Chem.

Phys. Lett, 79, 2, (1981) 347. 

[2] Christopher K. Duncan and David R. Kearms, “Spectroscopic  detection

of the photosensitized formation of 1Σ oxygen in the gas phase” J. Chem.

Phys. 55, 12, (1971) 5822.

[3] G. Jori, G. Gennari, G. Galiazzo, and E. Scoffone, “Photo-oxidation of

horse heart cytochrome c. Evidence for methionine-80 as a heme ligand”,

FEBS Lett. 6, (1970)267-269.

[4] C. Stanley, TSAI James, R. P. GODIN and A. Joshua WAND, “Dye-

Sensitized photo-oxidation of enzymes”, Biochem. J. 225, (1985) 203-208.

[5] J. N. Demas and J. Crosby, “The measurement of photoluminescence

quantum yield” J. Phys. Chem. 75 (1971) 991. 

[6] P. L. Steven, L. M. Lee. and W. F. Mangel, “Rhodamine-based compounds as

fluorogenic substrates for serine proteases” Biochem. J. 209 (1983) 299-307.

[7] N. R. Patil, R. M. Melavanki, B. M. Chougala, L. A. Shasri and  F. M. Aan-

ningannavar, “Analysis of  two fluorescent molecules properties using

solvatochromic shift method”, Inter. J. life Sci. 2, 2, (2012) 139-149.

[8] G. Dhote, K. P. Kretschh, A. P. Davey, W. Blau, H. J. Byrne, “Luminescent

quantum yields and vibrational spectroscopy”, Synthetic Metals, 102,

issues 1-3 (1999)1529-1530.

[9] U.S. Raikar, C.G. Renuka, Y.F. Nadaf, B.G. Mulimani, A.M. Karguppikar,

M.K. Soudagar, “Solvent effects on the absorption and fluorescence spectra

of coumarins 6 and 7 molecules: determination of ground and excited state

dipole moment” Spectrochim. Acta Part A 65, (2006) 673-677.

[10] F. J. Durate and L. W. Hillman (eds.), “Dye Laser Principles with Appli-

cations”, Academic Press, New York (1990).

[11] R. M. Melavanki, N.R. Patil, S.B. Kapatkar, N.H. Ayachit, Siva Uma-

pathy, J. Thipperudrappa and A.R. Nataraju, “Solvent effect on the spec-

troscopic properties of 6MAMC and 7MAMC” Journal of  Molecular

Liquids, 158 (2011) 105-110.

[12] D. Nagarajaa, N.R. Patilb, Raviraj, A.Kusanurc, H.D. Patild, R. M. Me-

lavanki, “Estimation of ground and excited state dipole moments of cou-

marin derivatives by solvatochromic method”, International Journal of

Scientific and Research Publications, 2, Issue 12 (2012) 1-9.

[13] J.J. Aaron, M.D. Gaye, C. Parkanyi, N.S. Cho, L. Von Szentpaly, “Expe-

rimental and theoretical dipole moments of purines in their ground and

lowest excited singlet states”, J.Mol. Struct. 156 (1987) 119-135.

[14] C. Parkanyi, M.R. Stem-Beren, O.R. Martinez, J.J. Aaron. M.B. Mac-

Nair, and A.F. Arietta, “Solvatochromic correlations and ground - and

excited-state dipole moments of curcuminoid dyes”, Spectrochem. Acta

Part A. 60 (2004) 1805-1810.

[15] Y.F. Nadaf, B.G. Mulimani, M. Gopal, S.R. Inamdur, “Ground and excited

state dipole moments of some exalite UV laser dyes from solvatochromic

method using solvent polarity parameters”,  J.Mol.Struct.vol. 678 (2004)

177-181.

[16] B. Acemioglu, M. Arık, H. Efeoglu, Y. Onganer, “Solvent effect on the

ground and excited state dipole moments of fluoresce”, J. Mol. Struct.

Theochem., 548(2001) 165-171.

[17] J. Thipperudrappa, D.S. Biradar, B. Siddlingeshwar, S. R. Manohara, S.M.

Hanagodimath, S. R. Inamadar and R. M. James, “Solvent effects on the

absorption and fluorescence spectra of some laser dyes: Estimation of

ground and excited state dipole moments”, Spectrochimica Acta,: Mole-

cular and Bimolecular Spectroscopy, 69(3) (2008) 991-997.

[18] B.R.Gayathri, J.R.Mannektla, S.R.Inamdar, “Effect of binary solvent mix-

tures on the dipole moment and lifetime of coumarin dyes,” J.Mole.Struct.

Vol. 889 (2008) 383-393.

[19] C. V. Bindhu, S. S. Harilal, V. P. N. Nampoori and C.P. G. Vallabhan,

“Solvent effect on absolute fluorescence quantum yield of rhodamine 6G

determined using transientthermal lens technique”,  Modern Physics

Letters B, 13, No. 16 (1999) 563-576.

[20] S.R. Inamdar, Y.F. Nadaf, B.G. Mulimani, “Ground and excited state di-

pole moments of exalite 404 and exalite 417 UV laser dyes determined

from solvatochromic shifts of absorption and fluorescence spectra”, Journal

of Molecular Structure (Theochem) 624 (2003) 47–51.

[21] A. Kawski, “On the estimation of excited-state dipole moments from sol-

vatochromic shifts of absorption and fluorescence spectra”, Z. Naturfor-

schung. 57A, (2002), 255-262.

[22] N.G. Bakhshiev, “Universal intermolecular interactions and their effect

on the position of the electronic spectra of molecules in two component

solutions,” Opt. Spektrosk. 16 (1964) 821-832.

[23] A. Chamma and P. Viallet,  “Détermination du moment dipolaire d'une

molécule dans un état excité singulet”; C.R. Acad. Sci. Paris Ser. C (1970)

1901-1904.

[24] Mohd Mudassir  Husain, Rajeev Sindhu and  Harmesh  Chander  Tandon,

“Determination of excited singlet‐state dipole moments of hydroxy and

methoxy coumarins using solvatochromic  method”, European Journal of

Chemistry 3 (1) (2012) 75-80.

[25] P. Suppan, “Excited–state dipole moments from absorption/fluorescence

solvatochromic ratios” ,Chem. Phys.Lett.94 (1983) 272-275.

[26] N.A.A.  Al-Temeeme, S.K. Jameel, Ahsan A. AbdAlfahdawi, “Photo-

physical characterization of rhodamine B in liquid and solid solutions”, Acts

of the Giorgio Ronchi Foundation,  ANNO LXII, No. 4 (2007) 481-488.

References



Al-Tememee, Al-Ani and AbdAlfahdaw / ISESCO Journal of Science and Technology - Volume 9, Number 16 (November 2013) (34-42)

42

RhB :

Rh6G :

Me :

Mg :

e :

n :

m :

C :

V :

M :

Qf :

Pfw :

TL :

λa :

λf :

va :

vf :

S1 :

S0 :

h :

c :

a :

r :

N :

Δm :

p- p* :

F1(e, n) :

F2(e, n) :

Nomenclature

Rhodamine B

Rhodamine 6G 

excited state dipole moments

ground state dipole moments 

solvent’s dielectric constant

refractive index                                                                        

mass of dye 

concentration 

volume 

molecular weight of the dye 

fluorescence quantum yield

peak fluorescence wavelength

thermal lens technique

absorption maxima wavelength 

emission maxima wavelength 

absorption maxima wave numbers

emission maxima wave numbers 

excited singlet‐state 

ground state 

Planck's constant

speed of light in a vacuum 

Onsager’s cavity radius

density of dye 

Avogadro’s number

change in dipole moment 

molecular electronic transitions [transition of an electron from a

p-bonding orbital to an anti bonding π* orbital* is denoted as a
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Kawski and Chamma‐Viallet’s polarity function



43

1. Introduction

Rohri (Latitude 27.67° N, Longitude 68.9° E) is the

third largest city of Sindh, Pakistan. It is situated in the

south eastern part of the province next to the Indus River,

as shown in Fig., and has a population of approximately

0.22 million. Pakistan had an expected daily power con-

sumption of 1.43 kWh per capita in 2009 [1]. It offers

huge exploitation potential of the untapped coal reserves

estimated at 185 billion tonnes. This includes approxi-

mately 94.6% of the coal identified at Thar, Sindh [2].

Despite its abundant coal reserves, Pakistan, similar to

many developing countries, suffers from highly frequent

electricity shortages throughout the year. Power shortage

throughout Pakistan was estimated at 6,500 MW in the

financial year 2011 with the demand for power rising by

over 10% per annum.

Abstract

G
lobal Solar Radiation

(H), extraterrestrial

(H0), diffuse (Hd) and

beam radiation values

(Hb) for Rohri, Sindh (La-

titude 27.67°N and Longi-

tude 68.9°E) have been

calculated on horizontal

surfaces using sunshine

hour data (n) of the areas,

following a number of me-

thods. The calculated glo-

bal solar radiation is then

compared with the global

solar radiation presented

by the NASA SSE (22-year) model. The mean bias error

(MBE), root mean square error (RMSE), and mean per-

centage error (MPE) for global solar radiation are also

considered. Diffuse radiation is calculated using me-

thods proposed by Page and Liu and Jordan (L-J) and

compared with the Hd ob-

tained from NASA. Diffuse

Radiation from the Page

method is found to be hi-

gher than in the L-J me-

thod. Moreover, the monthly

clearness index (KT) is

compared with the measu-

red clearness index. The

ratio KT signifies a clear

sky almost all year round

except for the months of

June to August. This may

be due to the monsoon sea-

son where the cloud cover

is expected to be thicker

compared to the rest of the year. From the estimated re-

sults, it appears that solar radiation can be utilized very

efficiently throughout the year for photovoltaic and ther-

mal applications.
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Figure 1. Map of Sindh, Pakistan, showing location of Rohri.
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The electricity provided by the main grid serving

Sindh is not sufficient to meet the needs of the total area.

It is therefore of crucial importance to introduce the

prospect of alternative energy in order to meet the

increasing demand. Alternative energy resources include

solar, hydro, wind and biomass. The abundance of solar

radiation in this area makes it suitable for solar energy

utilization projects to compensate for the lack of elec-

tricity. Solar energy not only carries potential for ‘clean

and green’ energy production but it also constitutes an

endless reserve of energy. This is important in countries

such as Pakistan where the poverty rate is extremely high

and most of the population lives in rural areas where the

power grid is hardly reachable.

An abundant amount of solar radiation is observed

between the latitudes of 40˚N and 40˚S and is referred

to as the earth’s Solar-Belt. In Pakistan, the expected

yearly solar radiation is more than twice that in European

countries such as Germany. To evaluate the solar energy

potential of an area, it is essential to calculate the local

solar radiation. One way of establishing a good estimate

is through continuous and long-term measurements of

data at the identified site. These values can then be com-

pared to the calculated solar radiation using methods

proposed in literature [3-9].

Solar radiation measurements are not easily obtainable

for developing countries due to their inability to afford

expensive equipment. Solar radiation data are the ele-

mentary input parameters for purposes of solar energy

projects such as solar thermal-systems, passive solar

designs and photovoltaic applications. A number of

empirical formulas have been developed to estimate the

global and diffuse solar radiation on horizontal surfaces

using a range of climatological parameters such as sun-

shine hours, relative humidity, declination angle and

latitude [10-16].

The diffuse fraction can be calculated either by using

the average daily clearness index KT per month [13, 17]

or the fraction of probable number of bright sunshine

hours n/N [18, 19]. Empirical correlations of diffuse

fraction Hd/H with KT, n/N and a combination of these

were proposed by Gopinathan [20].

In the present work, the estimation of solar radiation

(global and diffuse) has been carried out for Rohri,

Sindh using sunshine hour data. Several methods were

used to determine global solar radiation (H), including

Sangeeta and Tiwari [3], Gopinathan [7], Rietveld [5, 6]

and Glover and McColloch [4]. The work carried out in

this paper includes: (1) the determination of global solar

radiation by different methods and their comparison with

the 22-year average data from the NASA SSE model [21];

(2) evaluation of the diffuse and beam radiation from

these methods; (3) calculations to find the error between

the calculated and the reference global solar radiation

values of  the NASA SSE model and finally; and (4) the

energy potential in this part of the region for solar

applications.

2. Methodology

2.1 Extra-terrestrial Solar Radiation (H0)

The value of H0, extra terrestrial solar radiation, is

determined by Duffie and Beckman [22].

H0 = (24*3600)/p Isc ([1+0.033 cos (360n/365])

[cosF cosd sinWs +2p Ws/ 360 sinF sind] (1)

where Isc is the solar constant, F is the latitude, d is the

solar declination, Ws is the sunset hour angles where

d = 23.45 sin {360 x 248 + n/365} (2)

cosWs = -tanq tan d (3)

2.2 Prediction of Global Solar Radiation (H)

The most popular empirical model is the regression

equation of the Angstrom type [10].

H/H0 = a + b (n/N) (4)

where H is the monthly average daily global solar

radiation falling on a horizontal surface at a particular

location. H0 is the monthly mean daily extraterrestrial

radiation on a horizontal surface in the absence of the

atmosphere, n is the monthly mean daily number of hours

of observed sunshine, N is the monthly mean value of

the day length at a particular location, ‘a’ and ‘b’ are

climatologically determined regression constants, n/N is

often called the percentage of possible sunshine hour.

Regression constants a and b have been obtained

from the relationship given by Tiwari and Sangeeta in

1977 [3] and confirmed by Frere et al. method [23].
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a=-0.110 + 0.235 cosF + 0.323 (n/N) (5a)

b=1.449 - 0.553 cosF - 0.694 (n/N) (5b)

Gopinathan recommended the regression coefficient

‘a’ and ‘b’ in terms of the latitude, elevation and percen-

tage of possible sunshine hour. Rohri is located at 67 m

above sea level. Accordingly, for latitude, 5 < F < 54

a=-0.309 + 0.539 cosF - 0.0693E0 + 0.29 (n/N) (6a)

b=1.527 - 1.027 cosF + 0.926E0 - 0.359 (n/N) (6b)

Regression constants can also be found for Rietveld

for latitude, 0 < F < 69

a=+ 0.1 + 0.24 (n/N) (7a)

b=0.38 + 0.08 (N/n) (7b)

Glover and McColloch incorporated the latitude of

the area ф (degrees) effect and presented the following

correlation. For F < 60

a=0.26 cosF (8a)

b=0.52 (8b)

Values of the regression constants a and b are

presented in Eq. (5a) to (8b) for four existing methods

to estimate the global radiation H for Rohri, Sindh for

the period from 1995 to 2000.

2.3 Sky Conditions at Rohri, Sindh

The transparency of the atmosphere is indicated by

the fraction of extraterrestrial solar radiation which

reaches the earth surface as global radiation. It measures

the degree of clearness of the sky, also called the

Clearness Index and represented by KT

KT=H/H0 (9)

H is the total or global solar radiation and H0 is the

extraterrestrial solar radiation. From the estimated value

of H in Rohri, KT can be calculated.

2.4 Prediction of Diffuse Solar Radiation (Hd)

The diffuse solar radiation Hd can be estimated by an

empirical formula which correlates the diffuse solar

radiation component Hd to the daily total radiation H.

The correlation equation which is widely used was

developed by Page [17]

Hd/H = 1.00 – 1.13 KT (10)

Hd is the monthly mean of the daily diffuse solar

radiation and KT=H/H0 is the clearness index. Another

commonly used correlation equation by Liu and Jordan

[13] and developed by Klein [24] and is of the form

Hd/H= 1.390 – 4.027 KT + 5.53 (KT)2 – 3.108 (KT)3 (11)

2.5 Beam (Direct) Radiation

The beam radiation can be calculated (Hb) using the

simple formula that suggests that the beam and diffuse

components add up to form the total global solar

radiation.

H= Hd +Hb (12)

2.6 Calculation of Error

The accuracy of estimation of H by various methods

was tested by calculating the mean bias error (MBE),

root mean square error (RMSE) and the mean

percentage error (MPE). The values obtained for MBE

show an overestimation when positive and an

underestimation when negative. Also, for the method to

be viable, it is desirable to obtain low values of RMSE

and MPE. The MBE, RMSE and MPE are given in Eq.

(13) to Eq. (15) respectively.

MBE = [S (Hi,c - Hi,r)]/n (13)

RMSE = {[S(Hi,c - Hi,r)2/n]}1/2 (14)

MPE = [S ((Hi,c - Hi,m)/ Hi,r x 100) ]/n (15)

The accuracy of reference Hi,r and calculated global

solar radiation Hi,c values for each month was also

established by calculating the monthly relative percen-

tage error (RPE) as in Eq. (16).

RPE = [(Hi,c - Hi,r)/ Hi,r] x 100 (16)

3. Results and Discussion

The empirical correlation for the estimation of global

solar radiation on a horizontal surface at Rohri, Sindh,

are given in expressions Eq. (5a) to (8b). The input para-

meters are monthly mean daily number of sunshine hours

observed, monthly mean value of day length and decli-

nation angle. The sunshine duration and day length are

approximately 13 hours in summer and 11 hours in winter.
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Taking this into account, the regression constants ‘a’

and ‘b’ have been calculated for each month using Eq. (5a)

to Eq. (8b). Using the method proposed by Sangeeta and

Tiwari , ‘a’ and ‘b’ are respectively found to be 0.33 and

0.47 for Rohri, Sindh. The monthly average daily global

solar radiation on the horizontal surface, H, can thus be

calculated for Rohri as shown in Figure 2, Table 1. These

values of Global solar radiation have been compared

with the NASA SSE model 22-year average values. The

calculated values using the above mentioned equations

appear higher than the NASA values from September to

November. When compared to others, global solar

radiation obtained from the NASA SSE model is highest

in June and July. Furthermore, the method proposed by

Gopinathan is expected to yield the best results because

it involves the use of 3- variables instead of the 2-

variables used by Sangeeta Tiwari to calculate H.

The reported average for Karachi, Lahore, Multan,

Peshawar and Quetta is 19.25, 17, 18.7, 18.2 and 16.81

(MJ/m2 day) respectively [25]. The annual average daily

global solar radiation is found to be in complete confor-

mity with Karachi, Sindh, and south of Rohri. The annual

average of global radiation H used by the NASA SSE

model for Rohri is 19.27 MJ/m2 day. Moreover, the

calculated annual average global radiation from all four

methods is averaged and is also 19.5 MJ/m2 day.

Table 2 represents the transmission coming through

the atmosphere KT by a number of methods for Rohri. It

appears that the months of June to August are the rainy

months where the sky is predominantly cloudy. Conse-

quently, the rest of the year is hot and sunny with KT

lying between 60 to 70% approximately. It is very

encouraging to note that the sky over Rohri remains fairly

clear during the summer and winter months with the

exception of months during which the probability of

rain is high (June-August). The global solar radiation is

expected to be high (as in Figure 2) when both the

Clearness Index (Table 2) and the temperature are high

(44°C), as would be expected in the summer months.

The average reference (NASA) Hi,r and the

calculated values of Hi,c and their MBE (MJ/m2 day),

RMSE (MJ/m2 day) and MPE (%) are summarized in

Table 3. The values of MBE in the case of Tiwari are

between 0.88 and 1.37 MJ/m2 day and in the case of

Gopinathan are within the range of -0.16 and 1.21.

Figure 2. The values of monthly global solar radiation H by five methods proposed in literature and monthly average extraterrestrial solar

radiation H0. H is the lowest in the months of June and July.
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H
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H
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McCulloch

H
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0.63
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0.65

0.67

0.62

0.64

0.62

0.54

0.49

0.58

0.66
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0.70

0.64

0.62

0.65
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0.59
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0.45
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0.62
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0.56
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KT

Gopinathan
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0.68

0.65

0.67

0.65

0.58
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0.68

0.69

0.69

0.66
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Tiwari

KT

Rietveld
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KT
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TABLE 1. Calculated and reference NASA SSE model global solar radiation values

TABLE 2. Monthly average Clearness Index (KT) dependant on both the global solar radiation and extraterrestrial

solar radiation (H/H0). A dip in the values of KT is observed especially in the months of June and July.

However, the MBE obtained from Glover and Mc

Colloch is between - 0.21 and -1.58. After analysis, it is

observed that Gopinathan and Glover/Mc Colloch show

the least mean bias error between calculated and

reference H values. However, looking at the RMS

values in Table 3, it appears that the Tiwari and

Gopinathan methods give the least errors. Similarly, the

MPE shows the least error with the values of Glover and

Mc Colloch.

The negative MPE values show that the values of

calculated H are in slight overestimate whereas the

opposite is true when the calculated H is underestimated

in comparison to the NASA SSE model. From January

to September, the MPE absolute value  never exceeds 7%

reflecting good concurrence between the NASA SSE

model and the calculated values. Therefore, a fairly close

fit exists between the monthly average of daily global

radiation and the other meteorological parameters. It is
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noted that for the months October to December the MPE

shows the largest difference in the 6-11% range from

method to method. The lowest MPE is obtained for H

calculated by Gopinathan where the average MPE for

the whole year is 3%.

The agreement between Hi,r obtained through the

NASA SSE model and the calculated Hi,c was further

confirmed by finding the RPE for each month (Eq. (16)).

Figure 3 shows that the percentage error for any month

is very low and hardly ever exceeds 21% in the case of

Rietveld.

The concurrence between the NASA- obtained

annual average extraterrestrial value and the calculated

H0 from Eq. (1) is presented in Table 4. The MBE,

RMSE, MPE are -0.53 MJ/m2 day, 0.56 MJ/m2 day and

-1.59% respectively. MBE and MPE show that H0 from

Eq. (1) is an overestimate of H0 (NASA). Since the errors

are relatively marginal, both the extraterrestrial radiation

components are in good agreement.

Figures 4(a) and 4(b) show the diffuse solar radiation

for Rohri for all calculated methods and the NASA SSE

model using methods proposed by Page and Liu and

Jordon respectively. From the estimated results, it is

found that the contribution of diffuse solar radiation is

roughly between 20 to 50% all around the year. It is also

noted that Liu and Jordon predict a lower value of

diffuse radiation than the Page method.

The availability of direct radiation is very encou-

raging from a consumption point of view. From our

observation of the Clearness Index and the ratio of

diffuse to global radiation, we conclude that the presence

of clouds is limited to a few months in the year. This

seems favorable for solar energy utilization in this

region. The diffuse radiation is between 20 to 40%

throughout the year whereas the direct (beam) radiation

is between 60 - 80% all year round. Direct radiation is

the least in the monsoon months of June to August as

observed from the values of Hd/H (%) and Hb/H (%) from

NASA in Figure 5 and all other methods in Figure 6.
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TABLE 3. Seasonal values of MBE, RMSE and MPE for calculated and measured global solar radiation H for Rohri, Sindh

according to four methods

H 

MJ/m2/day

MBE

RMSE

MPE

Models
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Figure 3. The monthly average relative percentage error calculated from the

measured and calculated global solar radiation. The highest error is obser-

ved in June and July with all four methods. Rietveld shows high errors in

October and November compared to other methods.

Figure 4. The Diffuse fraction Hd/H calculated using different methods of predic-

ting H and two methods, (a) Page and (b) Liu and Jordon to calculate diffuse radia-

tion Hd. Diffuse fraction shows a peak in June/July for both methods of Hd.

Large variations appear in the intensities of direct

and diffuse radiation. Figures 5 and 6 show the trend of

the percentage variation of direct and diffuse solar

radiation. Direct radiation is appreciable in the months

of September to May (for approximately 9 months). The

percentage of beam radiation contributing to global

radiation is higher in autumn months (October-

December) compared to the winter/spring months

(January-May)- although not by a substantial margin-

and tends to keep within the range of 60-80%. Finally,

diffuse radiation is generally seen to be highest around

July and August.

The abundant presence of direct radiation approxi-

mately all year round (except July and August) is ideal

for the use of solar energy as an alternative energy

resource. Solar concentrators, solar cookers, solar
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Figure 5. The monthly percentage of diffuse and direct radiation observed during the year using figures from NASA.

Figure 6. The monthly percentage of diffuse and direct radiation observed for the whole

year using figures calculated according to the methods of Sangeeta and Tiwari, Gopina-

than, Glover and Mc Colloch and Rietveld.

TABLE 4. MBE, RMSE and MPE obtained from extra terrestrial

radiation calculated by Duffie and Beckman and measured from

NASA (reference).

Average H0 reference (MJ/m2/day) 

Average H0 calculated (MJ/m2/day)

32.35

31.83

MBE

RMSE 

MPE

-0.53

0.56

-1.59

furnaces etc. can be installed at Rohri to tap into this

free energy source. The Angstrom model for the

determination of global solar radiation and the Liu and

Jordan model for the estimation of diffuse solar

radiation show the validity of estimation for the location

under study.
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The estimation of diffuse radiation from the Page

and Liu and Jordan methods are in very good

agreement. Diffuse and beam radiation values provide

curial information regarding the solar resources

available as energy source. The highest monthly beam

radiation was measured in the month of November

whereas the highest monthly diffuse radiation was

measured in the month of July.

Most of the small solar energy systems have a small

power supply that can easily operate devices such as

lights, fans etc. These systems can be incorporated on

rooftops or on the ground in houses to supply energy at

demand. Furthermore, continuous power can also be

supplied to remote buildings and people living in rural

areas experiencing power difficulties. Moreover, imple-

menting solar systems in existing power generators like

water, wind and fuel turbines is also feasible. These small

systems can easily compensate for energy shortages and

replace expensive generators. 

To conclude, the findings indicate that solar energy

has bright prospects in Rohri. The correlations mentioned

in this work for the estimation of H and thus Hd and Hb

may be extended to other locations having similar humid-

warm weather. Ultimately, wind energy is also an

additional prospective that needs consideration. A

combination of both solar and wind has a tremendous

potential for use as a ‘clean and green’ alternative power

source.

Conclusion

The work presented above provides the global and diffuse solar radiation estimations by utilizing the sunshine hours

of the location. A detailed analysis of global solar radiation values measured according to several methods using the

Angstrom equation is presented. These are also compared with the 22- year average H obtained from the NASA SSE

model. Results indicate that using concentrating solar collectors can be advantageous in Rohri, Sindh. The values ac-

quired from the Clearness Index confirm clear sky conditions and show that the amount of solar radiation on a horizontal

surface is sufficient for solar energy utilization throughout the year.
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Abstract

T
he development of a

computer program ba-

sed on the implicit finite

difference method is pre-

sented in this paper to de-

termine the thermal perfor-

mance of internal and ex-

ternal wall insulation in

existing buildings. Tempe-

ratures are calculated un-

der the climatic data of the

Adrar region. This climate

is characterized by very

high temperatures in summer, exceeding 45°C, and an

intense solar radiation with a maximum of 1000 W/m².

Measured on horizontal

surfaces, the amount of so-

lar radiation is evaluated

using the Capderou nume-

rical model.

According to the simulation

findings, the thermal per-

formance of external wall

insulation is the same in

the two cases, the choice

thus becoming restricted to

technical and economic

reasons.

Keywords: Existing buildings, Finite difference method,

Insulation, Temperature, Thermal performance.
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1. Introduction

In the past, people in the south of Algeria built their

houses using local building materials and thermal

comfort in the hot long summers was guaranteed through

passive techniques. For example, the walls of traditional

adobes were massive with thicknesses reaching 50cm in

order to minimize temperature fluctuations inside the

building. Additionally, buildings were erected adjacent

to each other in order to reduce the surfaces exposed to

the sun. Today, new materials have been introduced in

construction without a proper study of their suitability

for the climate in Saharan regions. This has resulted in

extensive recourse to air conditioning to guarantee

human comfort. Retrofitting existing buildings provides

significant opportunities for reducing energy con-

sumption. There is a wide range of retrofitting techno-

logies used on existing buildings. For example, Hata-

mipour et al. [1] discussed the effect of using double-

glazed windows, light colored walls and roofs, and insu-

lated walls and roofs for cooling buildings in the hot and

humid regions of South Iran. Bekkouche et al. [2]

studied the effect of orientation, insulation and eaves on

the interior air temperature of a non-air-conditioned

building in the desert region of Algeria.

Enhancing the thermal insulation of walls is one of

these technologies since most of the heat within the

building originates from solar radiation conducted

through the external walls. A review of the literature

showed that there are many analytical methods to

solving the partial differential equation that governs the

one-dimensional heat conduction through a slab of

material, such as the separation of the variable function,

the green function and the transfer function method. On

the other hand, we can use numerical methods such as

the finite difference method, the finite element method,

and the finite volume method. The effect of the location

of insulation in a new building’s wall is studied by a

numerical model based on a finite volume implicit
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method as formulated by Al-Sanea and Zedan. [3]. Fré-

déric et al. [4] used the finite difference method in order

to solve the problem of heat transfer with phase change

material in wall slabs, and Meral Ozel [5] analyzed the

effect of orientation on the optimum insulation thick-

ness by using the implicit finite difference method.

In this work, we present a comparative study on the

external and internal insulation of an existing building’s

wall in the south of Algeria. The implicit finite difference

method is chosen for its stability in order to estimate the

thermal performance of the wall in the two cases.

2. Modeling and Numerical Simulation:

2.1. Estimation of solar radiation and ambient

temperature:

The incident global radiation on the vertical surface

of various orientations was determined using the Cap-

derou numerical model under a clear sky [6]. H gives

the following equations for direct and diffuse radiation.

The direct radiation is represented by:

Where mA is the atmospheric mass and k0 is the total

attenuation coefficient given by:

The atmospheric linked turbidity factor TL represents

the absorption and diffusion caused by atmospheric

particles and is calculated from:

Where:

The diffuse radiation is calculated by:

The coefficients dd, dh and da are the modules of the

various components of diffuse radiation.  

Finally the incident global radiation G is:

The progression of ambient temperature was calcu-

lated according to the following equation [7]:

(1)

(2)

(3)

(4)

(5)

Figure 1. Composite wall of M layers
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2.2. Modeling and numerical method:

A wall of M layers of different materials and thick-

nesses is shown schematically in Figure 1. When solar

radiation strikes the outer wall surface, most of its

radiation heat is absorbed by the wall. The heat transfer

in the wall is supposed to be unidirectional and the

conductivity is assumed to be constant for each material

constituting the wall.

The governing equation of heat conduction through

this wall is:

In order to solve this problem, a finite difference

method with the energy balance approach is adopted [8].

We replaced the partial derivation in the equation with

the backward finite difference terms, the problem then

becomes an implicit problem. The indexes i and n relate

to the space and time coordinates respectively:

Finally the implicit finite difference graph for all

interior nodes is:

Rearranging the above equation gives the following:

Figure 1 shows that there are three other types of

nodes. By applying energy balance in these nodes the

following equations are obtained:

- For the boundary node on the inside surface wall

we can write:

- For the boundary node on the outside surface wall:

- For the interface nodes between the layers:

After rearrangement, the corresponding equations

for a boundary node and an interface node are:

Where:

The equations for all the nodes can be written in tri-

diagonal matrix and vector matrix. The system is solved

using the tri-diagonal matrix algorithm (TDMA) known

as the Thomas algorithm. This method is a simplified

(6)

(7)

(8)

(9)

(10)

(11)

(12)

(13)

(14)

(15)

(16)
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form of Gaussian elimination. In order to reduce the

error due to time and spatial discretization without

having a long computational time, the time and spatial

step chosen for our simulation is 60s and 0.0001m res-

pectively. Furthermore, other inputs are required such as

the indoor temperature kept constant at 25°C, the

absorptivity of  the outside surface α=0.4 [10] and the

combined heat transfer coefficients hi=9W/m2K and

he=22W/m2K [10]. The initial temperatures for all nodes

are the initial ambient ones.  

3. Discussion and Analysis of Findings:

The wall construction materials in the Adrar region

were limited to 15cm-thick bricks with 15mm-thick

cement plastering on each side of the wall. The study is

conducted on two walls: a wall with a 5cm insulation

placed on the outside, and a wall with internal insulation.

The properties of the materials are summarized in Table 1.

The climatic conditions are those of a day in July and

the west-facing wall is under study.

Figure 2 presents the instantaneous variation of solar

radiation on vertical surfaces of walls with different

orientations. We observed that the walls facing west and

east received a maximum of solar radiation in the

afternoon and morning, respectively.

TABLE 1. Material properties [9]

Material
K

(W/mK)

ρ

(kg/m3)

C

(J/kgK)

Brick

Cement plaster

Polystyrene

0.7

1.4

0.038

1600

2200

35

936

1080

1404

(a)

(b)

Figure 2. Incident solar radiation on walls:

(a) west and east orientation,

(b) South and north orientation

(a)

(b)

Figure 3. Temperature variation at various

interfaces of the typical wall
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The first calculation is made for a typical brick wall

(Figure 3), with cement plastering on each side. We

noted higher temperature values in the afternoon

because the wall receives plenty of solar radiation at that

time, with the maximum of 52.5°C on the outside

surface and 32°C on the inside surface.

The temperature variations with time on various

interfaces of the external insulation wall are shown in

Figure 4. The fluctuation of the internal surface

temperature is significantly reduced compared to the un-

insulated wall, with a peak of 26.6°C in the afternoon.

The results obtained in the case of internal insulation

are presented in Figure 5. We note that the internal

surface temperature drops much faster compared to that

of external insulation, with almost the same maximum

temperature of 26.3°C in the afternoon. Also, the internal

insulation decreases the outside wall temperature to

Tmax =52°C compared to 57 °C in the case of external

insulation.

(a)

(b)

Figure 4. Temperature variation at various inter-

faces of outside insulation wall

(a)

Figure 5. Temperature variation at various inter-

faces of inside insulation wall

(b)
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Conclusions

To study the thermal performance of internal and external wall insulation in existing buildings in the south of Al-

geria, the investigation was carried out on a typical wall facing west with a 5 cm-thick  insulation layer of polystyrene.

The findings showed that the presence of insulation significantly reduces fluctuations of internal surface temperatures.

The  maximum internal surface temperature decreased to 32°C at 26.6 of external insulation and 26.3°C of internal

insulation, thus providing a higher level of indoor comfort. Also, no differences were noted between the internal

and external wall insulation except that the internal surface temperature drops much faster in the case of internal

insulation.
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Ahe :

a :

c :

Id :

If :

Io :

G :

mA :

M :

K :

k0 :

h :

hi :

he :

TL :

T0 :

T1 :

T2 :

T :

TSV :

t :

x :

Z :

α :

ε :

ρ :

dd, dh, da  :

γ :

j :

θ :

a :

int :

i :

j :

n+1 :

max :

min :

Dt :

Dx :

1 :

Nomenclature

Winter-summer alternation

Thermal diffusivity (m²/s)

Specific heat (J/kg °C).

Direct solar radiation (w/m²).

Diffuse solar radiation (w/m²).

Solar constant ( I0=1353w/m² ).  

Incident global solar radiation (w/m²).

Atmospheric masse 

Number of layers

Thermal conductivity (W/m K)

Total attenuation coefficient

Sun  height (rad)

Interior combined heat transfer coefficients (w/m²).

Exterior combined heat transfer coefficients (w/m²).

Atmospheric link turbidity factor  

Turbidity of the absorption by the water vapor

Turbidity of the molecular diffusion

Turbidity of the aerosols diffusion and absorption  

Temperature (°C or K).

Correct solar time

Time (s)  

Coordinate direction (m) 

Region altitude (m)

Greek Letters

Absorptivity factor

Earth-sun correction distance 

Density (kg/m3)

Modules of the various components of diffuse radiation

Slant angle (rad)

Latitude (rad)

Incidence angle (rad)

Subscripts

Ambient

Interior.

Interior nodes

Layer number

Boundary node on the inside surface wall

Maximum 

Minimum 

Time step   

Inter-nodal distance (m) 

Boundary node on the outside surface wall
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Abstract

M
icro Grid (MG) sys-

tems show great pro-

mise for integrating large

numbers of distributed

energy resource (DER)

systems into power net-

works. The MG concept

has been researched and

implemented intensively by

many experts .The interest

in MG is growing  due to

its potential benefits in  providing reliable, safe, efficient

and sustainable electricity

from renewable energy

sources (RES). This paper

reviews the simulation and

optimization approaches to

the use of hybrid renewa-

ble energy resources as

micro grid in two modes,

standalone and grid-

connected.
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1. Introduction

The interest in MG has been growing due to its

potential benefits in providing reliable, safe, efficient

and sustainable electricity from renewable energy

sources (RES). There are several potential economic

advantages for MG, summarized as follows:

• The small scale of individual investments reduces

capital exposure and risk by closely matching capa-

city increases to growth in demand.

• Reduced transmission and distribution costs and

energy losses.

• The low capital cost potentially enables low-cost

entry into a competitive market.

• Potentially overall higher energy efficiency.

Among other effects, the deregulated energy envi-

ronment has favored the recourse to DG sources con-

nected near energy consumers. These sources comprise

many technologies such as diesel engines, wind turbine

and fuel cells either in combined heat and power (CHP)

operation or purely for electricity production, photo-

voltaic (PV), micro turbines (MTs), hydro turbines, etc.

Many studies have been conducted about the optimization

of DG and MG.

Some of these investigations and studies are focused

on the optimization of micro grid-based renewable energy

as standalone, and others analyzed the optimization of a

micro grid as grid-connected to cater to demand. There-

fore, this paper will address this subject and review the

recent research performed about MG optimization in the

two modes mentioned earlier.

2. Standalone (Autonomous) Systems

In [1], S.M. Hakimi et al. presented and discussed

the optimal sizing of a hybrid power system as a stan-

dalone micro grid using particle swarm optimization in

the Kahnouj area in southeast Iran.

The system under study by [1] is a hybrid system

that consists of fuel cells, some wind units, some

electrolyzers, a reformer, an anaerobic reactor and some

hydrogen tanks. The system is considered as standalone

and uses biomass energy resources. The proposed
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objective function is the sum of all net present costs

including capital costs, replacement costs, operation and

maintenance costs of all components. This cost function

is considered as follows:

In [2], the techno-economic analysis of a standalone

hybrid photovoltaic-diesel battery-fuel cell power

system is presented and discussed by K. Karakoulidis et al.

The main objective of [2] is to model a renewable

energy system that meets a known electric load with the

combination of a photovoltaic (PV) array, a diesel gene-

rator and batteries. The modeling, optimization and simu-

lation of the proposed system were performed using

HOMER software. Different combinations of PV, gene-

rators, and batteries sizes were selected to identify the

optimal system combination on the basis of the Net Pre-

sent Cost (NPC) method. The HOMER implementation of

the PV-hydrogen energy system is presented in Figure 1.

In another research, and as indicated in Figure 2 in

[3], the optimal sizing study of hybrid wind/PV/diesel

power generation unit is presented. A deterministic

algorithm was used to minimize the total cost of the

system while guaranteeing the satisfaction of the load

demand. A comparison between the total cost of the

hybrid wind/PV/diesel energy system with batteries and

the hybrid wind/PV/diesel energy system without bat-

teries is presented.

The methodology developed and presented is based

on the use of long-term data on wind speed, solar

radiation and ambient temperature of the Dakar site

(Senegal). The optimization procedure resulted in the

determination of the optimum numbers and types of

wind turbines, PV panels and batteries, ensuring that the

system’s total cost is minimized while guaranteeing the

availability of energy.

In [4], Orhan Ekren and Banu Y. Ekren proposed the

size optimization of a PV/wind hybrid energy conversion

system with battery storage using a simulated annealing

approach. They presented an objective function-based

minimization of the total cost of the hybrid energy sys-

tem. They applied a Simulated Annealing (SA) algorithm

for optimizing the size of a PV/wind integrated hybrid

energy system with battery storage. The proposed metho-

dology is a heuristic approach which uses a stochastic

gradient search for global optimization.

Figure 3 shows the schematic diagram of a basic

hybrid energy system discussed by [4].

(1)

Figure 1. The HOMER implementation of the

PV-hydrogen energy system as presented by [2]

Figure 2. Block diagram of a hybrid wind /PV/diesel system 

as discussed by [3]

Figure 3. The schematic diagram of a basic hybrid

energy system discussed by [4].
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M.A. Elhadidy and S.M. Shaahid in [5] investigated

the hourly wind-speed and solar radiation measurements

made at the solar radiation and meteorological monitoring

station in Dhahran (26832'N, 50813’E), Saudi Arabia,

to study the impact of key parameters such as photo-

voltaic (PV) array area, number of wind machines, and

battery storage capacity on the operation of hybrid

(wind, solar and diesel) energy conversion systems,

while satisfying a specific annual load.

In another study, Taher Niknam et al. presented a

modified honey bee mating optimization algorithm for

the multi objective placement of renewable energy

resources.

Since the optimal placement of renewable electricity

generators (REGs) results in the reduction of objective

functions like losses, costs of electrical generation and

voltage deviation, they present a multi objective optimi-

zation algorithm for the siting and sizing of renewable

electricity generators. The objective pursued consists of

the minimization of costs, emission and losses of distri-

buted system and optimization of voltage profile. They

implemented the honey bee mating optimization (HBMO)

algorithm to solve the considered multi objective

function. In the proposed algorithm, an external repo-

sitory is considered to save the non-dominated (Pareto)

solutions found during the search process. Since the

objective functions are not the same, a fuzzy clustering

technique is used to control the size of the repository

within the limits [6].

The objective function considered in this paper in

relation to cost minimization is presented by (2).

The other objective function relating to voltage

profile improvement is discussed below:

The objective function related to power loss minimi-

zation is presented as follows:

And finally, the objective function relating to the mini-

mization of emissions is considered as presented in (5).

Hongxing Yang et al. [7] presents an optimal sizing

method for a standalone hybrid solar-wind system as

shown in Figure 4 with LPSP technology by using

genetic algorithm.

In [7], one optimal sizing model for a standalone

hybrid solar–wind system employing battery banks is

developed based on the loss of power supply probability

(LPSP) and the annualized cost of system (ACS)

concepts. The optimization procedure aims to find the

configuration that yields the best compromise between

the two considered objectives: LPSP and ACS. The

decision variables included in the optimization process

are the PV module number, the wind turbine number,

the battery number, and also the PV module slope angle

and wind turbine installation height. The configurations

of a hybrid system that can meet the system power

reliability requirements with minimum cost can be

obtained through an optimization technique.

(2)

(3)

(4)

(5)

Figure 4. Block diagram of the hybrid solar–wind system

considered by [7]
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In [8], Rodolfo Dufo-López et al. investigated the

multi objective optimization minimizing the cost and

life cycle emissions of standalone PV–wind–diesel

systems with battery storage. They described an appli-

cation of the Strength Pareto Evolutionary Algorithm

(SPEA) to the multi-objective optimization of a standa-

lone PV–wind- diesel system with battery storage. The

objectives to be minimized are the levelized cost of

energy (LCOE) and the equivalent carbon dioxide

(CO2) life cycle emissions (LCE).

P. Reche Lopez et al. [9] presented an optimization

of biomass fuelled systems for distributed power gene-

ration using particle swarm optimization.

They addressed biomass-fuelled power generation

with  respect to identifying the best location and supply

area of the power generation plant for three alternative

technologies (gas motor, gas turbine and fuel cell micro

turbine hybrid power cycle), taking into consideration

relevant variables such as the local distribution of bio-

mass resources, transportation costs, distance to existing

electric lines, etc. For each technology, not only the

optimal location and supply area of the biomass plant

are determined, but also the net present value and the

generated electric power through an own binary variant

of Particle Swarm Optimization (PSO).

In [10], the sizing optimization of a standalone street

lighting system powered by a hybrid system using fuel

cell, PV and battery as shown in Figure 5 is presented

and discussed. 

In [10] an original time saving method is imple-

mented for optimizing the system and two  optimization

methods are used. At first, the genetic algorithms and

then the simplex algorithms are implemented. A simu-

lation model is used to evaluate the validity of the

different hybrid configurations.

In [11] Chun-Hua Li et al. discussed the dynamic

modeling and sizing optimization of standalone

PV/FC/Battery hybrid system. In [11], the three hybrid

power systems, i.e., photovoltaic/battery (PV/Battery)

system, photovoltaic/fuel cell (PV/FC) system, and

photovoltaic/fuel cell/battery (PV/FC/Battery) system,

are optimized, analyzed and compared. The results

obtained indicate that maximizing the system efficiency

while reducing the system’s cost is a multi-objective

optimization problem. As a tradeoff solution to the

problem, the proposed PV/FC/Battery hybrid system is

found to be a configuration with a lower cost, higher

efficiency and less PV modules as compared to either

single storage system.

In [12], the economic evaluation and optimization of

a photovoltaic/ fuel cell/batteries hybrid system for use

in the Brazilian Amazon has been analyzed by Sergio B.

Silva et al. Always in [12], a comparative study is pre-

sented between the technologies and potential configu-

rations meeting the needs of isolated communities in the

Amazon through simulations based on HOMER soft-

ware. As result, this paper outlines some policies to pro-

mote the use of renewable energy sources in isolated

areas in Brazil derived from the pilot project.

In [13] E.I. Zoulias presented the techno economic

analysis of the integration of hydrogen energy techno-

logies in renewable energy-based standalone power

systems. The replacement of conventional technologies

such as diesel generators and/or batteries with hydrogen

technologies, including fuel cells in an existing PV-

diesel stand-alone power system providing electricity to

a remote community was simulated and optimized, using

the hybrid optimization model for electric renewable

(HOMER) simulation tool. A techno economic analysis

of the existing hybrid standalone power system and the

optimized hydrogen-based system was also conducted.

The results of the analyses showed that the replacement

of fossil fuel based gensets with hydrogen technologies

is technically feasible, but still not economically viable,

unless significant reductions in the cost of hydrogen

technologies are made in the future.

Figure 5. PV BAT FC configuration layout presented by [10]
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3. Grid-Connected Systems

In [14], a generalized formulation to determine the

optimal operating strategy and cost optimization scheme

for a Micro Grid is presented, including a wind turbine,

a micro turbine, a diesel generator, a photovoltaic array,

a fuel cell, and battery storage. An algorithm-based Mesh

Adaptive Direct Search (MADS) to minimize the cost

function as presented by (6) is implemented in this

research. The suggested optimization of this research

takes into account the environmental externality costs

by minimizing the emissions of nitrogen oxides (NOx),

sulfur oxides (SO2) and carbon oxides (CO2).

The micro grid studied by [14] consists of a group of

radial feeders which could be part of a distribution

system. There is a single point of connection to the

utility called point of common coupling (PCC). Two

main feeders have sensitive loads which should be

supplied during the events. A static switch (SD) is used

to island these feeders from the utility when events

requiring it occur.

In [15], the optimal operation management of fuel

cell/wind/photovoltaic power sources connected to distri-

bution networks is investigated by Taher Niknam et al.

They proposed the multi objective modified honey bee

mating optimization (MHBMO) approach in order to

investigate the distribution feeder re-configuration

(DFR) issue in the presence of renewable energy sources

(RESs) including photovoltaic array, fuel cell and wind

energy as grid-connected to the distribution system.

The objective functions discussed by Taher Niknam

et al. cover minimizing the electrical power losses, the

voltage deviations, the total electrical energy costs with

consideration of the total emissions of RESs and sub-

stations. The economic analysis of standalone and grid

connected hybrid energy systems were discussed by [16].

They selected a pilot region and performed the cost

analysis of a micro grid using renewable energy sources

with a hydrogen system. The renewable energy potential

for the region was evaluated by implementing an energy

cost analysis. They used the micro power optimization

program Homer (NREL, US) to simulate the operation

of the system and to calculate the technical and economic

parameters. The energy system feeding the load rate was

presented in Figure 6.

The variations of solar and wind energy generally do

not match the time distribution of demand. Therefore,

the battery storage facility is used between load and RE

generation in the power systems to smoothen the time-

distribution discrepancy [17-18]. The hydrogen energy

system was used to overcome  the problems of inter-

mittent RE sources and aims to supply reliable power

under various weather conditions.

In [19], Mohammadi et al. presented the optimization

of hybrid solar energy sources/wind turbine systems

integrated to utility grids as micro grids (MG) under

pool, bilateral and hybrid electricity market using PSO.

In [19], the micro grid is considered as an independent

power producer company (IPP) in the power system.

The prices of selling/buying power on-peak or off-peak

for MG, DG and upstream power system (DISCO) under

pool/bilateral/hybrid electricity market are different. In

this study, the particle swarm optimization (PSO) algo-

rithm has been implemented for the optimization of the

micro grid cost. The costs include the capital cost, repla-

cement cost, operation and maintenance costs and pro-

duction cost for micro grid and DGs. Then, an objective

function to maximize total net present worth (NPW) is

presented. The PSO approach is used to obtain the micro

grid’s minimum cost  during interconnected operation

(6)

Figure 6. System simulated diagram investigated by [16].



Mohammad Mohammadi / ISESCO Journal of Science and Technology - Volume 9, Number 16 (November 2013) (60-67)

65

by optimizing the production of local DGs and power

exchanges with the main distribution grid. In the model

presented by [19] the system is shown in Figure 7.

In a similar research by these authors, as indicated in

Figure 8, an optimized design of a micro-grid (MG) in

a distribution system based on a combination of photo-

voltaic array, fuel cell and battery bank with multiple

DG units under hybrid electricity market model was

presented, and the results have been compared with those

of the pool electricity market. The GA-based optimi-

zation method is used to obtain optimum power and the

MG price [20].

In [20], the objective function that is considered to

optimize renewable energy resources is presented as

follows. It covers the market’s total net present worth

including the net present worth of the micro grid, distri-

buted generation as a private sector, and finally the net

present worth of the distribution company (Disco).

R. Valdés et al. presented the operational simulation

of wind power plants for electrolytic hydrogen pro-

duction connected to a distributed electricity generation

grid [21].

In another research, M. Gómez, A. López and F.

Jurado investigated the optimal placement and sizing

from the investor’s standpoint of photovoltaic grid-

connected systems using binary particle swarm

optimization [22]. Feasibility analysis of the renewable

energy supply options for a grid-connected large hotel

was conducted and discussed by [23]. The power flow

control in grid-connected micro-grid operation using

particle swarm optimization under variable load con-

ditions was presented by [24].

Analyzing the small-scale grid-connected photo-

voltaic systems as a cost-effective policy for lowering

electricity bills and reducing carbon emissions is

presented by Mark P. Mc Henry [25]. He found that

subsidized small-scale grid-connected PV systems can

increase home electricity costs. In this research, it is

supposed that subsidies for private PV systems are

provided by those who do not receive any benefit. He

concluded that  small-scale grid-connected PV systems

result in very high mitigation costs and that verifying

actual mitigation from grid-connected small-scale

systems is problematic. A short term evaluation of actual

performance and characteristic of a grid connected

photovoltaic power system is proposed by Tamer

Khatib, et al. [26]. L.M. Ayompe et al. in [27] discussed

the projected costs of a grid-connected domestic PV

system under different scenarios in Ireland, using mea-

sured data from a trial installation. In [28], technical and

potential problems of a grid-connected photovoltaic

power system as a review paper are discussed by

Mohamed A. Eltawil and Zhengming Zhao. A hybrid

photovoltaic/diesel green ship operating in standalone

and grid-connected mode is investigated by [29]. The

economic performance of grid-connected photovoltaic

system in California and Texas (United States) to inves-

tigate the influence of renewable energy and climate

policies is presented by Deepak Sivaraman and Michael

Figure 7. Structure of distribution system with MG

and multiple distributed generations discussed by

[19]

Figure 8. Micro Grid based hybrid RES as grid connected by

[20]

(7)
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R. Moore [30] who  analyzed the effects of public

policies on the economic performance of PV systems. In

[30], a PV output model, a dispatch model, and a cost-

benefit model are integrated. It is assumed that gene-

rally speaking, PV installations do not achieve positive

profitability. Using sensitivity analysis, they demonstrated

the prices needed to achieve profitability. In other research,

M. Mohammadi et al. presents a micro grid optimization

as grid-connected in a pool based electricity market

policy under pay as bid and uniform pricing strategy

[31]. They present an optimal operation of hybrid fuel

cell /diesel generator/battery as micro grid in a pool-based

power market under various operation strategies such as

pay as bid and uniform pricing. The investigated envi-

ronment power market by [31] consists of three main

participants, independent system operators (ISO), dispatch

energy resources (DER) as micro grid, and main utility

grid (UG).

Conclusion

Standalone and grid connected micro grid-based renewable energy resources are two modes of hybrid renewable

energy systems that have been intensively investigated by expert researchers to use as a backup energy source in

power systems. This review has established that the most frequent systems are those consisting of a PV Generator

and/or Wind Turbines and/or Diesel Generator, with energy storage in lead-acid batteries. Energy storage in hydrogen,

although technically viable, has the drawback of slow efficiency in the electricity-hydrogen-electricity conversion

process, besides the fact that economically it cannot compete with battery storage at the present time. This review

also revealed that under similar conditions, the grid-connected mode has more effective roles than the standalone.

In the grid connected mode, the micro grid can serve as an independent power producer (IPP) under electricity

market and therefore it can generate power and inject it into upstream networks to provide electricity to customers

in the event of main grid interruptions. Of course, for remote and inaccessible  areas such as rural areas, the standalone

mode is useful in meeting demands and as such can eliminate the installation costs of new transmission lines and

substations.
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Abstract

E
nergy is an essential

ingredient in the socio-

economic development and

economic growth of any

country. Energy is available

in two different forms, non-

renewable (coal, fuel, na-

tural gas) and renewable

(solar, wind, hydro, wave).

Wind energy is the most

abundantly available clean

form of renewable energy.

The impetus for the conti-

nual harnessing of wind

energy across the world

arises in reaction to the

fast depletion of the re-

serves of conventional fuels

and the danger of global

warming due to greenhouse

gas emissions. Wind energy

is utilized for a variety of

functions ranging from windmills to pumping water and

sailing boats. Vertical Axis Wind Turbines (VAWTs) would

be appropriate for tapping

into low speed wind to pro-

duce power in a small-

scale manner, which would

be useful in remote places

where electricity is scare,

especially in developing

countries. However, VAWTs

are not gaining in popula-

rity due to their low power

coefficient,hence the need

for research in this area to

enhance the performance

of VAWTs. In this paper,

some aspects of VAWTs,

such as  design and perfor-

mance have been reviewed

with regard to Savonius,

H-Darrieus and combined

Savonius-Darrieus turbines.

Keywords: H-Darrieus

Turbine, Power Coefficient,

Savonius Turbine, Savo-

nius-Darrieus Turbine, Vertical Axis Wind Turbine, Wind

Energy.
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1. Introduction

Wind energy has been utilized for at least 3000 years

now. The first instance of wind energy use was for boat

navigation on the Nile river and for pumping water in

China around 5000 BC. The first panemone type of

vertical axis wind turbine was only built in erstwhile

Persia around 700 BC and was used for grinding grains

and pumping water [1]; though it was in the 12th century

that  the first modern vertical axis wind turbine [2] [3]

was developed in Turkey. However, until the 19th century,

wind power was exclusively used to provide mechanical

power to pump water or grind cereals. In the beginning

of the 20th century, in North America, small vertical axis

type windmills  called American wind mills became

very popular since they were self-regulating at all wind

speeds and requiring less attention, unlike the classical

European horizontal axis windmills under which the

blades had to be turned out of the wind and sails had to

be rolled up during extreme wind to avoid damage to the

windmill. It is believed that today’s wind turbines are
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manyfold more advanced than those of 15 or 20 years

ago. Wind energy is expected to play an increasingly

important role on the future energy scene [4], [5].

Greenpeace estimates that roughly 10 million MW of

energy is continuously available from the earth’s wind

and that about 10% of the world’s electricity demand

could be covered by wind energy by the year 2020.

According to figures released by the Global Wind

Energy Council (GWEC) [6], the five top countries in

terms of installed wind power capacity are China

(42,287 MW), USA (40,180 MW), Germany (27,214

MW), Spain (20,676 MW) and India (13,065 MW).

2. Vertical Axis Wind Turbines (VAWTS)

The axis of rotation of a VAWT is vertical and the

plane of blade rotation is parallel to the wind direction.

The generator is placed at the bottom of the central shaft

on the ground so that the tower need not support them.

The vertical axis wind turbines can be broadly classified

into four classes: Savonius, Darrieus, combined

Savonius-Darrieus and H-Darrieus turbines. VAWT

could be a viable proposition for electrification in

remote places where grid generated electricity is scarce,

especially in the form of small building electrification.

It can also be used for various small-scale applications

such as pumping, cereal and crop grinding, heating of

water and other working fluids, aeration and destrati-

fication of ponds etc. Thus, the scope of VAWT is

immense as a renewable energy system. In spite of this,

VAWT is not gaining in popularity, largely due to its low

power coefficient and partly as a result of the lack of

interest shown by past researchers. However, recent

studies on VAWT have shown that VAWT can be quite

efficient provided improvements are brought to existing

designs and with a suitable selection of gear trains. The

power coefficient of a wind turbine is measured by the

ratio of the power produced to the useful power

contained in wind for the same blade-swept area of the

turbine.

2.1. Savonius Turbine

S.J. Savonius, a Finnish scientist, developed the

vertical axis turbine in the late twenties of the previous

century. The Savonius turbine is formed by cutting a

Flettner cylinder into two halves along the central plane

and then moving the two semi cylindrical surfaces side-

ways along the cutting plane so that the cross-section

resembles the letter ‘S’. The two semicircular surfaces,

called buckets, are mounted on a vertical axis perpen-

dicular to the wind direction with a gap at the axis

between the buckets. This gap is called the overlap so

that the inner edge of one bucket is near the central axis

of the opposite bucket. The Savonius turbine is a drag-

based device that works like a cup anemometer. The

speed of the turbine is inherently limited because the

returning buckets on the downwind side can never

travel faster than the wind, thus resulting in a tip speed

ratio less than unity. The tip speed ratio is defined as the

ratio of the bucket tip speed to wind speed. Though the

Savonius turbine has good starting characteristics, a

higher peak performance cannot be obtained. Savonius

tested about 30 different models of his S-turbines in the

wind tunnel and also in open air. His best model had a

power coefficient (Cp) of 31% [7]. Between the 70s and

2010s, many researchers [8]-[13] investigated different

designs of the Savonius turbine. They obtained Cp in

the range of 15% to 25%. Figure 1a shows a three-

bucket Savonius turbine. The buckets of the turbine were

constructed with an 180° arc and a diameter of 8 cm [14].

The height of the turbine was 20 cm. The experiments

were conducted for various overlap variations from

16.2% to 35%. For this design of the turbine, there was

an optimum value of overlap (20%) at which the maxi-

mum Cp occurred. Figure 1b shows the variation of Cp

with tip speed ratio for optimum 20% overlap. The

maximum Cp of 0.38 was obtained at a tip speed ratio

of 0.625 [14].

Figure 1a. Three-bucket

Savonius turbine



Ghosh, Gupta, Sinha, Biswas & Sharma  / ISESCO Journal of Science and Technology - Volume 9, Number 16 (November 2013) (68-73)

70

Figure 2a shows a two-stage Savonius turbine, which

is a double-step turbine with its top stage mounted 90°

out of phase with respect to the bottom stage. Each stage

is a system of a two-bucket Savonius turbine. In extre-

mely high wind conditions, when the wind speed goes

as high as 36 knots, a double-step Savonius turbine can

be used [15].  Figure 2b shows a plot of power output

of the turbine versus wind speed. As can be seen from

Figure 2b, the power output is superior as the wind

speed rises. The highest power of 120 W is produced

when wind speed goes as high as 15 m/sec.

2.2. Combined Savonius-Darrieus (SD) Turbine

The Darrieus turbine has a low starting torque but

can provide high Cp at increased wind speed, which is

why the Darrieus turbine is never used alone; rather it

can be coupled to a Savonius turbine that provides a high

starting torque. The combination of a Savonius-Darrieus

turbine would exhibit a high starting torque and reaso-

nable Cp at both low and increased wind speeds. Gavalda

et al. [16] studied the performance of a self-adapting

combined two-bucket Savonius and two-bladed Darrieus

turbine and reported a maximum Cp of 0.35 at an overlap

of 16.67%. Gavalda et al. [16] also showed that the high

starting torque of the combined turbine is caused by the

reduction of the zones of negative starting torque. Wakui

et al. [17] studied the performances of two different

hybrid combinations of Savonius-Darrieus turbines having

two numbers of two-bucket Savonius turbines and one

number of three-bladed Darrieus turbine. The two-bucket

Savonius turbines were attached 90° out of phase as

shown in Figure 3a and Figure 3b. In the first configu-

ration, the Savonius system was mounted inside the

Darrieus system (Figure 3a), and in the second, it was

mounted below the Darrieus system (Figure 3b). They

observed that the second configuration exhibited a better

Cp, which was 0.18.

Figure 1b. Variation of power-coefficient with tip-speed ratio

(TSR) for three-bucket Savonius turbine with 20% overlap

Figure 2a. A double step S-turbine

Figure 2b. Power output versus wind speed

Figure 3a. Combined Savonius-Darrieus

turbine (Savonius inside Darrieus)

Figure 3b. Combined Savonius-Darrieus

turbine (Savonius below Darrieus)



Ghosh, Gupta, Sinha, Biswas & Sharma  / ISESCO Journal of Science and Technology - Volume 9, Number 16 (November 2013) (68-73)

71

Gupta et al. [18] made a comparative study of a three-

bucket Savonius turbine & a combined three-bucket

Savonius and three-bladed Darrieus turbine for overlap

variations of 16.2%, 20%, 25%, 30% and 35%. Figure 4a

shows the combined Savonius-Darrieus turbine. Washers

and nuts with a knurled surface were used to vary the

overlap between semicircular parts. The performance of

the combined turbine was analyzed with different over-

laps. Figure 4b shows the variation of Cp with tip speed

ratio without overlap. There are two peaks of Cp in the

plot, the first for the Savonius and the second for the

Darrieus turbine. The maximum Cp of 0.51 was obtained

without the overlap condition. Ali [19] evaluated the

performance of the combined Darrieus-Savonius turbine

both theoretically and experimentally. Theoretically, the

performance of the Darrieus turbine was determined

using the multiple stream tube theory, while the perfor-

mance of the Savonius turbine was predicted using an

analytical method. The results were then combined to

determine the resultant performance of the turbine. The

Darrieus turbine was a three wooden bladed system,

which was combined individually with different two-

bladed Savonius turbine models such as the semi-

circular type and the Bach type. The experiments were

conducted in a subsonic wind tunnel. The comparisons

of results between the experimental and theoretical ap-

proaches showed good agreement. Furthermore, it was

concluded that the combined Darrieus and Bach type

Savonius turbine would self-start at low wind speeds

since the power and torque coefficients were higher than

in other designs.

2.3 H-Darrieus Turbine

The H-Darrieus turbine was an invention included in

the Darrieus patent in 1931 [20]. It was developed in the

UK through research carried out in the 1970-80s. It has

two to three turbine blades designed as airfoils and

attached vertically to the central shaft through support

arms. The supports to vertical axis help the turbine

maintain its shape. It uses the concept of the lift device.

A permanent-magnet generator is directly integrated into

the turbine structure and needs no gearbox. The H-

Darrieus turbine is self-regulating [21] at all wind speeds,

reaching its optimal rotational speed shortly after its

cut-in wind speed.  Furthermore, the H-Darrieus turbine

has better self-starting ability than the eggbeater Darrieus

turbine [22].

Howell et al. [23] studied the performances of the

two-bladed and three-bladed H-Darrieus turbines through

wind tunnel experiments. Both the turbines produced a

similar value of maximum aerodynamic torque. The two-

bladed turbine had a higher peak Cp of 0.25 compared to

about 0.22 for the three-bladed turbine. Gupta et al. [24]

experimentally evaluated the Cp of a twisted three-bladed

airfoil shaped H-Darrieus turbine made from lightweight

aluminium blades for various height-to-diameter (H/D)

ratios from 0.85 to 2.2. The height of the turbine was

20 cm and the blade chords were 5 cm wide (Figure 5a).

The blades were twisted by 30° at the trailing ends to

decrease the negative wetted area (Figure 5b). There was

an optimum H/D ratio at which Cp was the maximum.

The maximum Cp of 0.151 was obtained at an H/D ratio

of 1.10 as shown in Figure 5c.
Figure 4a. Combined three-bucket Savonius

and three-bladed Darrieus turbine

Figure 4b. Power-coefficient variation with TSR for the combined

Savonius-Darrieus turbine without overlap
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Figure 5a. Three-bladed H-Darrieus turbine Figure 5b. Twist of 30° at chord tip of the airfoil blade

Figure 5c. Power coefficient variation with tip speed ratio for

the three-bladed H-Darrieus turbine

Conclusion

In this paper, aspects of VAWTs such as design and performance were reviewed with regard to the Savonius,

H-Darrieus and combined Savonius-Darrieus turbines. It was found that the combined Savonius-Darrieus turbine

was the best of all the turbines reviewed in terms of power coefficient. Thus, the combined Savonius-Darrieus turbine

may be used for small-scale applications by scaling-up the turbine.  
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Abstract

T
his article presents an

automatic voice reco-

gnition system of isolated

words using Support Vector

Machines (SVM). Three

phases are necessary to

achieve this system: the

first one involves the ex-

traction of the vocal signal’s parameters, and the second

one the training and regulation of the SVM model’s pa-

rameters to improve their performance in recognition.

The last identification phase

allows the classification of

the words available in the

NTIMIT telephonic data-

base. The results obtained

show that the use of SVM

is  a very effective and pro-

mising technique.

Keywords: Automatic sys-

tem of isolated word recognition, Acoustic analysis, Re-

gulation of parameters, Statistical learning, SVM

model.
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1. Introduction

Automatic speech recognition is a new discipline

that falls under the general field of speech processing. It

is useful in analyzing sound from a speaker to separate

each pronounced syllable and thus identify the text. It is

a generic term for all problems encountered in the iden-

tification of isolated words, chained words and conti-

nuous speech [10]. Research in automatic speech reco-

gnition has been advancing and is attempting to unravel

the human process of speech generation and under-

standing to reduce the complexities of voice signal reco-

gnition, made more difficult by the time and frequency

variability and dependence on the speaker and his

condition.

Automatic speech recognition remains a very active

research area despite the availability of effective reco-

gnition systems on the market. It is therefore difficult to

establish an accurate  list of all methods used.

Early work in speech recognition has often used the

dynamic comparison algorithm or neural networks. More

recently, probabilistic methods have been explored, such

as the hidden Markov models or the Gaussian mixed

models. However, it seems that for some time now

kernel methods, inspired by Vladimir Vapnik’s statistical

learning theory, have become a recent classification

alternative.

Dynamic programming has the advantage of being

simple and requiring little  learning data, but it remains

highly sensitive to alignment quality and more parti-

cularly to the choice of the starting point of the two

forms to compare. It is also limited by the size of the

vocabulary to be recognized and to a mono-speaker

recognition algortithm[5].

Probabilistic methods, widely used for speech reco-

gnition, benefit from highly efficient training and de-

coding algorithms. However, the postulations necessary

for the implementation of these algorithms can under-

mine the performance of these techniques. Connectionist

methods, on the other hand, have the ability to put in

place highly effective discriminative techniques, and as

such have a better performance ranking. However, they

are unable to solve their main problem: the lengthy

learning time necessary for a large learning database [6].

The Support Vector Machines method, also called

SVM, is particularly well suited to dealing with the
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classification of large dimension data such as text and

images. Their use in automatic speech recognition is

advancing in view of their great power of generalization.

In this article we are interested in the automatic reco-

gnition of isolated words based on Support Vector

Machines. The proposed system’s architecture is as

follows: a first system is built to find the best parameters

that represent speech signals, and a second system is set

up to study the topology of the kernel model, i.e. the

type of kernel and hyper-parameters. Finally, we tested

the system on a NTIMIT global telephony database.

This paper is organized in two sections: the first one

describes the proposed recognition system and the

second presents the experiment’s results.

2. Description of the proposed recognition

system

We will estimate different speech signal parameteri-

zation techniques for a word recognition system. The

evaluation technique parameterization is performed by a

reference system using a kernel model. This system is

composed of four main interdependent modules, namely

the acoustic preprocessing module, the selection of a

classification model module, the learning module and

the classification module.

2.1 Support Vector Machines

SVM is a binary classification method by supervised

statistical learning. It is based on the existence of a

linear classifier within am appropriate space.

The system is based on the use of the kernel function

for optimal data separation.

In the SVM model, we differentiate between the

linearly separable cases and the non-linearly separable

cases. The first are the simplest. In fact, if the classes are

linearly separable then the problem is to find an optimal

separating border from a training set.

The purpose is to try and find the correct data classi-

fication hyperplane that is the farthest possible from all

other examples. Obviously, there are multitudes of  valid

hyperplanes but the remarkable property of SVM is that

these hyperplanes must be optimal.

We will choose from among the valid hyperplanes

one that crosses the "middle" points of the two model

classes and of which the minimum distance to the learning

examples is maximized. We call this distance the

"margin" between the hyperplane and the examples [1],

hence the first key idea of SVM is the concept of

maximum margin. If the data in a classification problem

is not linearly separable, then we use the second key

idea of SVM which is to transform the representation of

the input data space into a space of higher dimension

(possibly infinite-dimensional), in which case we can

find a linear separator. 

2.2 Pretreatment

The speech signal shows a very high variability and

high redundancy, which makes the process of automatic

recognition of the word exceedingly complex. It is

therefore necessary to place downstream to the signal

Figure 1. Left: Optimal separating hyperplane with surround support vectors. 

Right: Transformation of input space into a feature space of higher dimension [1].
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acquisition module a module for acoustic analysis of

which the role is to transform the time signal into a

sequence of vectors of parameters that can reduce the

redundancy and variability of the signal. For this, there

are several methods of signal representation: the spectral

methods, the cepstral methods and the identification

methods.

Temporal analysis: The energy of the signal, or its

size, is often calculated in successive signal frames. It

serves as an indicator to detect silence and pinpoint the

boundary of a segment. It is also a criterion to differen-

tiate the signals’ viewpoint stability[2]. The energy in

the field "i" is given by:

With xi [n] is the nth sample of the amplitude of the

frame ˝ i˝, N is the number of samples in the "i" frame.

The linear predictive analysis: The linear predictive

analysis is based on the knowledge of speech production

and assumes that the production model is linear. This

model is divided into two parts: the active source and

the passive conduit [3]. This analysis is an effective

technique, often used in several synthesis, recognition

or speech coding applications.

We mainly looked at MFCCs (Mel-Frequency

Cepstral Coefficients) which are extracted by applying

discrete cosine transform on the energy logarithm of the

Mel filter bank, the LPCs (Linear Prediction Coefficients)

and LPCCs (Linear Prediction Cepstral coefficients)

calculated by using an auto-correlation method, and PLP

(Perceptual Linear Prediction) that takes on the charac-

teristics of human hearing into account. This paramete-

rization technique projects the linear prediction spectrum

of the non linear frequency scale of the ear.

The 1st and 2nd order differential coefficients: to

better modelize the progression of the speech signal, we

can introduce information on its temporal dynamics

using 1st order differential coefficients.

Thus, for the cepstral coefficients (called Δ delta

cepstral coefficients), the first order differential coef-

ficients estimate the slope of the linear regression at a

given time as they represent an approximation of the

first derivative with respect to the time of the cepstral

parameters, and may be taken as indicative of the speed

of the cepstral parameters evolution. For a cepstral coef-

ficient Cj (k) of j index of the k field, we calculate its

differential coefficient ΔCj (k) in relation to 2nΔ+1 ana-

lysis frames by:

As for the 2nd order differential coefficients, also

called the acceleration ΔΔ cepstralum coefficients, they

are calculated by linear regression of delta coefficients

on one or two frames and indicate the second derivative

with respect to the time of the cepstral parameters, and

can be taken as indicators of the acceleration of the

cepstral parameters’ evolution or the speed of the evo-

lution of the Δ cepstrum parameters [4].

2.3 Learning

In the learning stage we represent each example of

the training corpus by a vector of parameters extracted

from labeled sentences, then we seek the hyperplane

that separates the examples of the two classes, ensuring

that the margin between the nearest examples is maximal

while applying a dynamic programming algorithm.

2.4 Decision making or recognition

The recognition phase in reflected by the observation

of the SVM output function, the surface will be decided

by considering its sign. The decision surface is deter-

mined solely by the points that are closest to the support

vectors. In the presence of only those training examples,

we can classify a new example from the labled corpus.

The recognition rate is obtained by the recovery percen-

tage of the cases properly classified.

3. Experiments and results

This section will be dedicated to a detailed experi-

mental study focused on the influence of the choice of

speech signal parameterization type and the topology

classification model on the recognition rate of the

classification system of isolated words.

(1.1)

(1.2)
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3.1 Corpus

To evaluate the developed system, we have chosen a

dictionary of sounds of which the signals are NTIMIT-

based acoustic-phonetic. These signals are sampled at a

rate of 8khz and coded on 16 bits. We chose to work on

the 21 words making up the two calibration sentences

Sa1 and Sa2:

Sa1: "She had your dark suit in greasy wash water

all year".

Sa2: "Don’t ask me to carry an oily rag like that".

The training corpus consists of 798 sentences while

the test corpus consists of 294 sentences, with a total of

1092 records.

3.2 Test conditions

In the acoustic analysis module, the time signal

(word) is firstly subjected to preemphasis by a high-pass

filter with a 0.97coefficient. Then it was weighted by a

Hamming window of 256 points, after that the para-

meters are calculated every 16 ms on an analysis frame

of 32 ms.

We chose to test four coding methods,  namely the

linear predictive analysis -LPC, the linear predictive

cepstral analysis –LPCC-, the cepstral analysis by Mel

filter bank –MFCC- and the perceptual linear predictive

analysis –PLP- to which we added energy and Dynamic

Coefficients (derivate and acceleration).

3.3 The selection of classification model

For the construction of learning & test matrixes, we

defined a bi-class SVM kernel model for each acoustic

unit (word) and the strategy of "one against all." For our

experiments we chose to test two kernels:

The polynomial kernel:

The RBF kernel (Radial Basis Function):

And we proceeded to optimize the kernel parameters

and the shift variables C and ξ.

3.4 SVM polynomial kernel model

To better evaluate the rate of speech recognition

according to the order of the polynomial kernel "q" and

the difference variables, we divided our experimental

study into two parts: the first is to set the value of the

slack variable ξ=10-5 and varying the parameter C and

the kernel q degree, the second part of the experimental

study served to determine the value of C=100 and act on

variable ξ and kernel degree "q".

At first, we chose to evaluate the coding techniques

in their basic state. So we took 12 LPC coefficients, 12

LPCC coefficients, 12 MFCC coefficients using a bank

of 26 filters  and 12 PLP coefficients. The best results

obtained for different coding techniques are illustrated in

tables Tab. 1 Tab. 2, Tab. 3, Tab. 4, Tab. 5 and Tab. 6.

TABLE 1. Recognition rate of basic coding techniques as

per polynomial kernel order (with a penalty factor C = 100

and a gap variable ξ = 10-5)

1

3

5

7

LPC

80.95

81.34

81.60

81.47

LPCC

82.11

82.41

82.73

82.52

MFCC

83.87

84.23

84.45

84.31

PLP

82.96

83.17

83.33

83.24

Q Recognition rate

TABLE 2. Recognition rate of basic coding techniques

according to polynomial kernel order (with a penalty

factor C = 100 and a gap variable ξ = 10-5) with added energy

1

3

5

7

LPC+E

81.19

81.28

81.36

81.32

LPCC+E

82.76

82.83

82.91

82.87

MFCC+E

83.74

83.86

83.92

83.89

PLP+E

82.90

82.96

83.08

83.01

q Recognition rate

TABLE 3. Recognition rate of basic coding techniques as

per polynomial kernel order (with a penalty factor C = 100

and a gap variable ξ = 10-5) with the addition of the Δ factor 

1

3

5

7

LPC+∆

84.86

84.98

85.20

85.10

LPCC+∆

87.11

87.26

87.49

87.36

MFCC+∆

89.85

89.92

90.02

89.94

PLP+∆

88.50

88.57

88.73

88.66

q Recognition rate
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By comparing the obtained results for a polynomial

kernel with four basic coding techniques and a specific

kernel order, we find that the recognition rates are similar.

However, the MFCC technique still shows a slight lead.

By moving from a q = 1 to 5 and a for a C =100, the rate

increases by 2% regardless of the encoding technique

used. From a q = 7 and C for close to 1000, the

recognition rates decrease in any type of coding.

The contribution of energy in the parameterization

differs from one technique to another. In fact, with the

LPC, MFCC and PLP techniques the recognition rate

decreased slightly, but with the LPCC technique, the

recognition rate increased significantly for different

orders of the q kernel.

For a Gaussian kernel, we found that the addition of

energy in the parameterization singnificantly decreases

the rate of recognition in various types of coding.

The contribution of the delta coefficients is signi-

ficant and may reach 6%. The 90% threshold is almost

exceeded for an order of kernel q = 5 and a constant

compromise C lower than 1000. The combination of

power coefficient with the coefficients of the first order

slightly improves the recognition rate for a polynomial

kernel irrespective of its degree of q and for a constant

compromise of C = 100.

We note that the recognition rate increases by adding

the acceleration coefficient regardless of the encoding

technique used and order of the kernel q but with C at

less than 1000. The second derivative improves

performance.

The combination of energy with delta coefficients

and acceleration decreases slightly the recognition rate

for all coding techniques and for different values of C.

In addition, we find that for the different coding

methods when ξ in lower 1, the samples are located on

the right side of the hyperplane in the region of the

maximal margin. But for a ξ higher than one, examples

are on the wrong side of the hyperplane, hence the rate

of misclassification errors is high.

3.5 SVM Gaussian kernel model

In the case of the the Gaussian kernel, we have fol-

lowed the approach adopted by the polynomial kernel to

evaluate the rate of speech recognition according to the

bandwidth σ and the Gaussian kernel function of the

hyperparameters (C compromise factor and ξ gap

variable). In the first case, we tested the four basic

coding methods, namely LPC, LPCC, MFCC and PLP

with the help of the new recognition system of refrence.

The best results for the different encoding methods

are illustrated in Tab. 7 Tab. 8, Tab. 9, Tab. 10, Tab. 11

and Tab. 12.

TABLE 4. Recognition rate of basic coding techniques as

per polynomial kernel order (with a penalty factor C = 100

and a gap variable ξ = 10-5) with the addition of Δ coeffi-

cient and energy

1

3

5

7

LPC+∆+E

86.21

86.32

86.42

86.38

LPCC+∆+E

83.77

86.55

87.51

87.22

MFCC+∆+E

89.95

90.03

90.15

90.11

PLP+∆+E

87.56

87.67

88.83

88.76

q Recognition rate

TABLE 5. Recognition rate of basic coding techniques as

per  polynomial kernel order (with a penalty factor C = 100

and a gap variable ξ = 10-5) with the addition of the Δ and

ΔΔ coefficients

1

3

5

7

LPC+∆+∆∆

87.64

87.69

87.76

87.72

LPCC+∆+∆∆

88.68

88.75

88.84

88.78

MFCC+∆+∆∆

90.41

90.64

90.78

90.69

PLP+∆+∆∆

89.73

89.87

89.91

89.83

q Recognition rate

TABLE 6. Recognition rate of basic coding techniques as

per polynomial kernel order (with a penalty factor C = 100

and a gap variable ξ = 10-5) with the addition of Δ and ΔΔ

coefficients and energy

1

3

5

7

LPC+∆+∆∆+E

87.42

87.48

87.55

87.52

LPCC+∆+∆∆+E

88.48

88.66

88.62

88.60

MFCC+∆+∆∆+E

90.36

90.47

90.53

90.50

PLP+∆+∆∆+E

89.55

89.68

89.77

89.71

q Recognition rate
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For a Gaussian kernel, a first comparison of the

results clearly shows the superiority of the MFCC and

PLP techniques over the LPC and LPCC techniques in

any value of σ.

The recognition rates obtained show that the systems’

improved performance is not always significant when

the "σ" value is high and this for different values of C.

Thus,  for a medium σ and a small C we end up with a

case of smooth margin. Some atypical cases do emerge

but for a medium σ and a high C, most examples will be

within the smooth  margin and all atypical examples are

processed.

TABLE 7. Recognition rate of basic coding techniques

according to the basic Gaussian kernel bandwidth (with a

C penalty factor  = 100 and a variable spring of ξ = 10-5)

0.5

1

1.5

2

2.5

LPC

82.54

82.62

82.78

82.75

82.66

LPCC

83.30

83.36

83.53

83.47

83.41

MFCC

86.34

86.39

86.51

86.48

86.43

PLP

84.08

84.12

84.27

84.22

84.16

σ Recognition rate

TABLE 8. Recognition rate of basic basic coding tech-

niques as per bandwidth of the Gaussian kernel (with a

penalty factor C = 100 and a variable spring ξ = 10-5)

with the addition of energy

0.5

1

1.5

2

2.5

LPC+E

82.70

82.75

82.85

82.82

82.79

LPCC+E

83.96

84.01

84.15

84.11

84.07

MFCC+E

85.27

85.32

85.42

85.39

84.35

PLP+E

83.02

83.10

83.22

83.18

83.14

σ Recognition rate

TABLE 9. Recognition rate of basic basic coding tech-

niques as per bandwidth of the Gaussian kernel (with a

penalty factor C = 100 and a variable spring ξ = 10-5)

with uploading of Δ coefficient 

0.5

1

1.5

2

2.5

LPC+∆

86.70

86.74

86.83

86.80

86.78

LPCC+∆

87.94

87.98

88.10

88.07

88.00

MFCC+∆

90.00

90.11

90.21

90.16

90.14

PLP+∆

87.97

88.83

88.95

88.92

88.86

σ Recognition rate

TABLE 10. Recognition rate of basic coding techniques as

per bandwidth of the Gaussian kernel (with a penalty

factor C = 100 and a variable spring ξ = 10-5)

with uploading coefficient Δ and energy

0.5

1

1.5

2

2.5

LPC+∆+E

87.90

87.94

88.06

88.01

87.97

LPCC+∆+E

88.06

88.10

88.16

88.13

88.11

MFCC+∆+E

90.11

90.21

90.35

90.30

90.28

PLP+∆+E

88.85

88.91

89.01

88.97

88.92

σ Recognition rate

TABLE 11. Recognition rate of basic coding techniques as

per bandwidth of the Gaussian kernel (with a penalty

factor C = 100 and a variable spring ξ = 10-5)

with the addition of Δ and ΔΔ coefficients

0.5

1

1.5

2

2.5

LPC+∆+∆∆

88.02

88.13

88.27

88.22

88.18

LPCC+∆+∆∆

89.47

89.58

89.65

89.60

89.56

MFCC+∆+∆∆

91.60

91.68

91.74

91.70

91.66

PLP+∆+∆∆

90.26

90.31

90.43

90.38

90.29

σ Recognition rate

TABLE 12. Recognition rate of basic coding techniques as

per bandwidth of the Gaussian kernel (with a penalty

factor C = 100 and a variable spring ξ = 10-5)

with addition of the Δ and ΔΔ coefficients energy

0.5

1

1.5

2

2.5

LPC+∆+∆∆+E

87.85

87.93

88.05

88.01

87.97

LPCC+∆+∆∆+E

88.97

89.08

89.17

89.13

89.11

MFCC+∆+∆∆+E

91.58

91.60

91.66

91.55

91.49

PLP+∆+∆∆+E

90.18

90.23

90.28

90.20

90.12

σ Recognition rate
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In conclusion, we can say that for a polynomial

kernel the flexibility of the decision function increases

with the order q and for a Gaussian kernel it increases in

line with the width of its σ band provided we choose an

adequate C value. Therefore, the C compromise constant

allows the controlof the significance of the positive

error ξ acceptable in relation to the size of the margin.

The higher C is, the fewer mistakes are allowed.

In the case of a Gaussian kernel, we find that the ad-

dition of energy in parameterization significantly reduces

the recognition rate for the various coding techniques.

We also note that the improvement in the increase in

recognition performance follows the progression of the

band width of the σ kernel until it reaches a maximal

recognition rate then starts decreasing. This applies in

the different values of C.

The results for a Gaussian kernel reveal that the

contribution of the delta coefficients is interesting. It

can exceed 4% for a σ value equal to 1.5 and a constant

close to 100.

For the Gaussian kernel, the addition of energy to the

coefficient of the first order coefficients significantly

improves the recognition rate, regardless of the width of

the σ band but for a C lower than 1000.

The results of the Gaussian kernel show that

recognition rates improve by adding the second-order

differential coefficient for all the coding techniques and

for different values of σ but with a C close to 100.

The combination of energy with delta coefficients

and acceleration slightly decreases the recognition rate

of the Gaussian kernel for all coding techniques and for

the different values of C.

Previous results also show that the Gaussian kernel

gives the best performance for the different parameteri-

zation methods. This is facilitated by a good choice of

the σ band width as this parameter determines the radius

of the hyper-sphere that encloses the data in multidi-

mensional space. Additionally, if the σ value is too low,

the enclosed space is too small,  and as such there is

arisk of losing a significant part of the data. On the other

hand, a higher value could cause an overlap of the classes.

The Gaussian kernel therefore makes possible the

grouping of data from various classes into distinctive

areas. Therefore, a good choice of kernel and of para-

meters is a key element in obtaining a good word

recognition rate as the kernel function must maximize

the similarity between instances of the same class and

accentuate the differences between classes.

Conclusion

The work achieved allowed the construction of an automatic recognition system of isolated words based on sup-

port vector machines (SVM), a dynamic and statistical approach.

The validation of this system is evaluated through the NTIMIT telephone base which  comprises 1092 records.

After several experiments, we obtained a better recognition rate of 91.74% with the cepstral technique (MFCC)

to which we added the differential coefficients of 1st and 2nd order for a Gaussian kernel with parameters of σ = 1.5,

C = 100 and ξ = 10-5.
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Abstract

A
study was conducted

to determine the effects

of pesticide application at

different doses on the po-

pulation density of two im-

portant plant growth pro-

moting rhizobacteria (PGPR):

Methylobacterium spp. and

Bacillus spp. These bacteria

play an important role in

plant growth promotion

and as such are associated

with the soil’s nutritional

value. The purpose of the study was to find whether or

not pesticides do affect these PGPR and ultimately lead

to environmental stress. Four organophosphates and

four biopesticides were used for the purpose of the study.                                                                                       

The results revealed that pesticide applications caused

a drastic reduction in the microbial population present

in the soil, especially Methylobacterium sp. which was

completely extinct in soil treated with Chlorpyrifos, Pho-

rate and Dimethoate, ex-

cept for (count of 0.7 x

106, 30 days, R.D. in Pho-

rate treated soil), (106, 40

days and 0.55 x 106, 30

days, 2 R.D. in Chlorpyri-

fos treated soil). The same

species proliferated well in

biopesticide-treated soil

except for a reduction in

Neem treated plates (2.4 x

106 in R.D as compared to

3.3 x 106 in control). In-

creased doses of Dime-

thoate and Chlorpyrifos had profound effects on the

Bacillus sp. population. In the case of biopesticides, only

Karanj had a negative impact on its count, especially at

10 R.D., maybe as a result of its antibacterial effect. So,

our present research focuses on the extensive use of bio-

pesticides from a sustainable agriculture point of view.

Keywords: Methylobacterium, Microbial population,

Organophosphates, PGPR, R.D.(Recommended dose).
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1. Introduction

The extensive use of chemical fertilizers in farming

guarantees high yields but causes various environmental

problems. In view of this, there has been a recent resur-

gence of interest in environment-friendly, sustainable

and organic agricultural practices (Esitken et al., 2006).

The relationship between microorganisms and plants is

symbiotic since both partners benefit from each other.

So far, a considerable number of bacterial species, mostly

associated with the plant rhizosphere, have been tested

and found to be beneficial to plant growth, yield, and

crop quality (Pýrlak and Kose, 2009). Bacteria that

colonize the rhizosphere and plant root and enhance

plant growth are referred to as plant growth promoting

rhizobacteria (PGPR) (Frankenberger and Arshad,

1995). In addition to improving plant growth, PGPR are

directly involved in the increased uptake of nitrogen,

synthesis of phytohormones, and solubilization of

minerals such as phosphorus and iron by the production

of siderophores that chelate iron and make it available to

the plant root (Renwick and Campbell, 1991; Pal et al.,

2001; Usha rani et al., 2011). Bacteria of diverse genera

such as Arthrobacter, Azotobacter, Azospirillum,

Bacillus, Enterobacter, Pseudomonas and Serratia (Gray

& Smith, 2005), as well as Methylobacterium were iden-

tified as PGPR.
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Among such inhabitants are the pink-pigmented

facultative methylotrophic bacteria (PPFMs), which are

members of the Genus Methylobacterium and are gram-

negative alpha proteobacteria. They are versatile in nature

and ubiquitous on plant surfaces, potentially dominating

the phyllosphere population. Rice et al. (1995) reported

that the production of plant growth regulators such as

auxins, particularly indole 3-acetic acid (IAA) and indoe-

3-pyruvic acid (Ivanova et al., 2001), zeatin, zeatin

riboside and reacted cytokinins by methylotrophs

(Holland and Polacco, 1994) and IAA production and

nitrogen fixation by Rhizobium, have been reported as

factors enhancing the plant growth of legumes, the

increase in the vegetative growth of the plant being attri-

buted to the increase in the yield of a crop.

Among the PGPR cluster, Bacillus is one of the most

potential genera in view of their spore forming ability,

thereby increasing the adaptation of the Bacillus strain

to commercial formulations and field applications (Liu

and Sinclair, 1993). Bacillus is frequently isolated from

rhizosphere, these species are also common plant endo-

phyte. B.mucilaginous has been observed for its capa-

city to solubilize potassium (Wu et al., 2005) and phos-

phate (Idriss et al., 2002). Bacillus cereus AR156 is a

plant growth-promoting rhizobacterium that induces

resistance against a broad spectrum of pathogens

including Pseudomonas syringae pv. tomato DC3000

(Niu et al., 2011). Bacillus cereus RS87 was previously

reported to promote plant growth in various crops in

both greenhouse and field trials (Jetiyanon et al., 2008).

The continuous application of pesticides may result

in pollution processes that put soil at risk, driven by soil

microorganisms and thereby affecting soil fertility

(Sturz et al., 1999, Lopez et al., 2002, Cycon et al., 2006).

Therefore, the present study was undertaken to establish

whether or not the survival of the above mentioned two

important bacterial species is under threat due to pesti-

cide applications.

2. Materials and Methods

The soil samples were collected on 16th February

2011 from the experimental plot fields of the I.C.A.R

research complex, in the eastern region of Palandu,

Ranchi. The soil was collected from the upper 0-15 cm,

other plant debris was removed manually and soil was

sieved with a 4 mm mesh. The samples were then

brought to the laboratory and stored at 40 C pending

analysis. Four different Organohosphates (Malathion

50%EC of Century Polbounds Ltd, Dhanwan-20 for

chlorpyrifos, ROGOR insecticide for dimethoate,

DHAN-10G for phorate of Agritech Pvt. Ltd) and the

two biopesticides: Biosanjeevani and Biosoft with

formulations of Pseudomonas+Trichoderma viride and

Beauveria bassiana respectively were purchased from

the market. Leaves of two naturally occurring species

Pongamia pinnata (Karanj) and Azadarichita indicana

(Neem) were taken and their extracts were prepared in

distilled water following the method of Jaber and Al-

Mossawi, (2007). These served as the other two

biopesticides for the study.

The dilutions of Ops and Bps were prepared for

treatment with soil samples, based on the calculations for

three different concentrations [recommended dose (RD),

two times recommended dose (2X RD) and ten times

recommended dose (10XRD)]. The recommended dose

for different organophosphates is given in Table 1. Then

the soil samples were treated with all these eight pesti-

cides at three different concentrations in twenty four

different containers and one container was left untreated

as control. Enumeration of the soil bacterial population

was done by pour plate method on nutrient agar medium

(Johnson and Curl, 1972). On different days (0, 10, 20,

30 and 40) during the incubation period, 1 g of each test

sample was taken from the treated and control pots and

each suspended in 9 ml of autoclaved distilled water.

Dilutions of 10-7 were prepared and plated on nutrient

agar medium (Medox Pvt. Ltd). Petriplates were incu-

bated at 37ºC for 48 hrs for bacterial growth. The

colonies were counted on the colony counter (Chromous

Biotech Ltd.) and the results were evaluated as the

number of bacterial colonies in 1 g of oven dried soil.

Numeration of soil microorganism was specifically

carried out for two different species: Bacillus and

Methylobacterium. The bacterial counts represented in

graphs (Figure 1 and 2) are expressed as no. X 10-7 per

gm of soil.



N.S. Sultan, B.S. Raipat & M.P. Sinha / ISESCO Journal of Science and Technology - Volume 9, Number 16 (November 2013) (82-88)

84

3. Results and discussion

TABLE 1. Recommended agriculture dose of

Organophosphates

Chlorpyrifos

Malathion

Dimethoate

Phorate

1lit : 250lit water/acre

1lit : 250lit water/acre

1lit : 250lit water/acre

10 kg/acre

Organophosphates Recommended Dose

Figure 1 (i). Graph representing the effect of Chlor-

pyrifos on the population density of Bacillus

Figure 1 (ii). Graph representing the effect of Malathion on

the population density of Bacillus

Figure 1 (iii). Graph representing the effect of Phorate on

the population density of Bacillus

Figure 1 (vi). Graph representing the effect of Biosoft on

the population density of Bacillus

Figure 1 (v). Graph representing the effect of Bio Sanjee-

vani on the population density of Bacillus

Figure 1 (iv). Graph representing the effect of Dimethoate on

the population density of Bacillus
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Figure 1 (vii). Graph representing the effect of Neem extract on the

population of Bacillus

Figure 2 (i). Graph representing the effect of Malathion on

population of Methylobacterium

Figure 2 (iii). Graph representing the effect of  Phorate on the

population of Methylobacterium

Figure 2 (iv). Graph representing the effect of Dimethoate on

population of Methylobacterium

Figure 2 (ii). Graph representing the effect of Chlorpyrifos on

population of Methylobacterium

Figure 1 (viii). Graph representing the effect of Karanja extract on

population of Bacillus
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The study findings revealed that all the four organo-

phosphates had drastic effects on the count of the Methy-

lobcterium population as can be seen in Figure 2 [(i) to (iv)].

With Phorate and Dimthoate, it was completely absent

throughout the 40 days analysis when compared with

control. In the Malathion and Chlorpyrifos treated soil,

the Methylobacterium count was absent at all doses and

on all days, except on the 40th day when it slightly

reappeared but in very low numbers. This could be

correlated with the findings of Pandey and Singh (2002)

who observed short term inhibitory effects on the total

bacterial population after Chlorpyriphos and Quinalphos

applications which were recovered within 60 days after

seed treatment and 45 days into soil treatment. Similar

short term inhibitory effects on the total bacterial popu-

lation were observed by Ahmed and Ahmed (2006),

Tawfic et al. (1998) and Hashem et al. (1999).

On the other hand, the population density of the

Bacillus sp. increased in the soil treated with organo-

phosphates, Figure 1 [(i) to (iv)] especially, Phorate and

Dimethoate showing their stimulatory effects as com-

pared to control. The earlier works (El-Shahaat et al.,

1987, Das and Mukherjee, 1994) also reported similar

observations with different organophosphorous and car-

bamate insecticides in soil. Regarding the distribution of

individual microorganisms in the rhizosphere soils, it

was revealed that Phorate stimulated the growth of bac-

teria such as Bacillus, Escherichia and Flavobacterium,

actinomycete like Micromonospora.

Higher doses of Malathion reduced the number of

Bacillus. Similar effects of high concentrations were

reported by Lakshmikantha (2000) who conducted

research on the effect of foliar insecticides fenvalerate,

Figure 2 (v). Graph representing the effect of Biosanjeevani on the

population density of Methylobacterium

Figure 2 (vii). Graph representing the effect of Neem extract on the

population density of Methylobacterium

Figure 2 (viii). Graph representing the effect of Karanja extract on

the population density of Methylobacterium

Figure 2 (vi). Graph representing the effect of Biosoft on the popula-

tion density of Methylobacterium
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quinalphos and endosulfan on soil microorganisms and

found that insecticides at normal recommended doses

did not affect the major groups of soil microflora .i.e.

bacteria, fungi, actinomycetes, free living nitrogen

fixers and P-solubilizers, while four times more than the

recommended concentration exerted high depressive

effects, followed by two times the recommended

concentration.

In Chlorpyrifos and Malathion-treated soil, the

number increased significantly at R.D. Our findings are

supported by the results of  Congregado et al. (1979) who

found that organophosphorus insecticides Dimethoate

and Malathion at 10 and 100 μg/g of soil stimulated total

bacterial population. It is also favored by the reports of

Tu (1970) who showed that the number of total bacterial

colonies increased during weeks 1 and 2 after treatment

with Malathion and Dimethoate. The increase in the

number of Bacillus sp. after OP application can be

explained by the assumption that this soil microorganism

can synergistically metabolize these pesticides, as Gunner

and Zukerman (1968) demonstrated for Diazinon.

The growth of Methylobacterium sp. was not at all

affected by the application of biopesticides (Figure 2

[v-viii]) except in the Neem treated soil at 10 R.D. The

count in all setups was same as that in the control soil.

This can be explained by the fact that some of the insec-

ticides are found non toxic to soil microbes (Martinez-

toldo et al., 1993). Bacillus number also remained the

same in soil treated with biopesticides (Figure 1 [v-viii])

as in untreated soil, although there was a slight reduction

in its population in Karanja treated soil (10 R.D.), may

be due to an antibacterial effect at a high dose. Overall,

the biopesticides showed a synergistic effect on the

growth of these two bacterial species.

Conclusion

Soil microbial activities can be influenced by the application of agrochemicals, including the population of soil

microorganisms. The extent of the impact depends on the dosage applied. The effects of the application of different

doses in some degree are different from those of the recommended dose application. In this experiment, the chemicals

used were organophosphates and biopesticides. The half-life of the chemical is rather short in soil, so the effect is

not significant. If there are any effects, they would disappear quickly and would not cause an ecological problem

from a microbial point of view. The results thus obtained indicate that the organophosphorus insecticide used had

the least adverse effects on the Bacillus population but a significant effect on Methylobacterium. These effects are

not drastic but minor in nature and the populations recovered over a period of time.
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Abstract

T
his paper proposes a

portable Manual

Power Generation System

for rural areas as there is

a requirement to supply

the rural areas of India as

well as other countries

with reliable electricity.

Special attention has been

paid for making the propo-

sed system to be portable.

Local institutions of rural

area have to play an important role in the implementa-

tion, operation and maintenance of the proposed power

generation system. The

unregulated voltage gene-

rated by the proposed

power generation system

has been regulated with

the help of electronic cir-

cuits. A portable power

generation system has

been developed and tested

in the laboratory. Results

are presented here.
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1. Introduction

Rural areas of India do not have reliable access to

electricity [1]. The cost of installation, maintenance etc.

of transmission lines in these areas is very high due to

low population densities and far distance from urban

production site. Many studies show that some of these

areas won’t have access to reliable electrical power even

in the coming ten years [2]. Therefore alternate means

of generating electrical energy will have to be utilized at

local level. One such alternative is to produce electrical

energy using Manual Charkha Based Power Generation

System. Emphasis should also be given regarding

portability of the generation system.

India has abundant manpower, which can be utilized

in the generation of electrical energy. A wheel coupled

to an electric generator may be rotated to produce

electricity. However, the revolutions per minute (r.p.m.)

required by the generator prime-mover is quite high for

obtaining the suitable at armature terminals. 

This problem can be solved by using a gear-system

or by using wheels of different radii [3]. As the gear

system leads to considerable increase in weight of the

apparatus. Hence, wheels of different radii are employed.

This power generation system can be used to provide

energy to light loads such as lighting, mobile charging,

i-pod charging, charging of flashlights etc. However, these

equipments require constant voltages. Hence a constant

voltage regulator will have to be used such as 78XX. Mobile-

charger will require 7805 to obtain a constant voltage [4].

Figure 1. Block diagram of the Proposed Portable

Manual Power Generation System
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2. Energy scenario in rural India

Rural population constitutes approximately 65% of

India’s population. Hence, there is approximately 120 to

130 million families or households of which 30% to 40%

approximately are without electrification [approximately

20 million households according to a report]. From this it

could be inferred that an enhanced living standards at

1kW/household at 4 hours usage per day draws 105MWh

per year/house hold which is over 250MW approximately

for household consumption sector alone. 

Rural electrification in India has suffered badly over

the last several years mainly because of the poor

operational and financial health of State Electricity Boards

(SEBs) [5]. Moreover, the use of electricity in rural areas

for households and other productive purposes such as

small industries are rather limited. Rural people are often

not in a position to afford the cost of electricity and they

meet their basic energy needs through the use of energy

sources like firewood, cow dung, agricultural residue and

kerosene [6]. However, inefficient exploitation of these

resources has led to environmental degradation. An action

plan on 100 percent village electrification within the next

6 years has been prepared in which rural electrification

would be treated as a basic minimum service under the

Prime Minister Gramodya Yojana. Other elements of the

action plan include setting up credit support from Rural

Electrification Corporation to SEBs for speedy electri-

fication in the backward areas, improving the quality of

power supply in villages by strengthening the distribution

network, earmarking a sum of at least Rs. 750 Crores out

of the Rural Infrastructure Development Fund for rural

electrification works and augmenting the resources of

REC by allowing it to float capital gains tax exemption

bonds. 

The features of rural electricity viz, low and dispersed

loads, high T & D costs and seasonality of the load favors

decentralized power plants for meeting rural electricity

needs in a sustainable manner. Local institutions like

Panchayats might play an important role in the imple-

mentation, operation and maintenance of the proposed

power generation system. This will not only minimize

transaction costs but also minimize transmission and

distribution costs.

3. Manual charkha based power

generation

A spinning wheel or charkha is a device for spinning

thread or yarn from natural or synthetic fibers. The

earliest clear illustrations of the spinning wheel come

from Baghdad (drawn in 1237), China (1270) and Europe

(1280), and there is evidence that spinning wheels had

already come into use in both China and the Islamic

world during the eleventh century. According to lite-

rature, the spinning wheel was introduced into India

from Iran in the thirteenth century. The spinning wheel

replaced the earlier method of hand spinning with a

spindle. The first stage in mechanizing the process was

mounting the spindle horizontally so it could be rotated

by a cord encircling a large, hand-driven wheel. The

great wheel is an example of this type, where the fiber

is held in the left hand and the wheel slowly turned with

the right. Holding the fiber at a slight angle to the

spindle produced the necessary twist. The spun yarn

was then wound onto the spindle by moving it so as to

form a right angle with the spindle.

Hand powered spinning wheels are powered by the

spinner turning a crank for flywheel with their hand, as

opposed to pressing pedals or using a mechanical

engine. The table-top or floor charkha is one of the

oldest known forms of the spinning wheel. The charkha

works similarly to the great wheel, with a drive wheel

being turned by hand, while the yarn is spun off the tip

of the spindle. The floor charkha and the great wheel

closely resemble each other. With both, the spinning

must stop in order to wind the yarn onto the spindle.

other fibers as well. The size varies, from that of a

hardbound novel to the size of a briefcase, to a floor

charkha. Mahatma Gandhi brought the charkha into

larger use with his teachings. 

Figure 2. Traditional Charkha
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He hoped the charkha would assist the peoples of

India achieve self-sufficiency and independence, and so

used the charkha as a symbol of the Indian indepen-

dence movement and included it on earlier versions of

the Flag of India. 

Hence for E=7.50 V, rpm= 910

Calculation of Various Radii

D1- Diameter of wheel on which manual power is

applied

D2- Diameter of wheel directly below the handled

wheel

D3- Diameter of wheel coupled with the second wheel

D4- Diameter of wheel attached with PM dc generator

N1- input mechanical rpm

N2- rpm of wheel having diameter D2

N3- rpm of wheel having diameter D3

N4- required rpm of PM dc generator

Because of same linear velocity

πD4*N4=πD3*N3

Hence, N3=(D4/D3)*N4

Our generator has D4=2.4 cm

For voltage=7.5 V, the reqd. rpm = 910

Therefore, N3=2184/D3 

Now, N2=N3

Hence, D1=2184 X (D2/D3)/N1

Assuming N1=50 rpm

D1D3/D2=43.6 cm

We choose,

D1=20 cm    D2=4.6cm    D3=10 cm

4. Experimental setup

The design of the portable power generation system

shown in Figure 3 has been developed in the laboratory

by following the given parameters and by implementing

the circuit shown in Figure 4. The developed model is

shown in Figure 5.

The various components used in the above circuit are:

1. Voltage Regulators- 7805 and 7806

2. Capacitors- 1000 µF and 1 µF

3. Diode- IN5408

4. DC Generator 

TABLE1. Observation Table of RPM of DC Generator and

Output Voltage

645

750

775

910

950

1030

1105

1193

RPM of DC Generator Output Voltage (V)

5.00

6.28

6.50

7.50

7.85

8.00

8.55

9.00

Figure 3. Diagrammatic Representation of Multi-Wheel Charkha

Figure 4. Circuit Diagram of Manual Charkha Power Generation
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5. Results

The developed model was tested in the laboratory and

the results are tabulated below. As shown in the Table 2,

and Figure 6 the regulated voltage is 5 Volts which is the

requirement for all mobile charging units.

Figure 5. Model for Charkha Based Manual Portable Power

Generation System

TABLE 2. Unregulated and Regulated Voltage

645

750

775

910

950

1030

1105

1193

RPM of Generator

5.00

6.28

6.50

7.50

7.85

8.00

8.55

9.00

Unregulated Output

Voltage (V)

Regulated Output

Voltage (V)

4.97

4.97

4.97

4.98

4.98

4.98

4.98

4.98

Figure 6. Unregulated and Regulated Voltage (X axis- RPM , Y Axis - Voltage)
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Conclusion

The analysis and the experimental results of the proposed power generation system show that this system can

be used in rural/remote areas for low power applications. The geometry of the proposed power generation system

has been designed to make it portable. The proposed system may be installed easily and economically in remote

locations with the help of the local committees like panchayats etc. as the system exhibits high performance and

low cost to be implemented. It is reliable, simple, portable and an excellent option to be employed for low power

applications. Many countries have enormous manpower in rural areas, so this research is very significant.
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