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Foreword

I am delighted to write the foreword for the Volume II of the “Thrue Rig Sar Toed -
academic excellence through research and innovation”, a publication of Jigme Namgyel
Engineering College (JNEC), where selected scholarly works of students and academics
are published. Thrue-rig Sar-toed is a humble intent to showcase the scholarly works
carried out by students and academics in their respective areas of expertise.

The inaugural volume of the Thrue-rig Sar-toed has been well received and I would like
to thank our esteemed readers for your support. Every great thing has a humble beginning,
likewise, Jigme Namgyel Engineering College is an academic institution that truly believes
in taking baby-steps to be able to finally run and achieve greater heights. The first volume
of the publication has given us adequate experience and it is our hope that the second
volume will help our researchers gain additional experience and enable them to carry out
meaningful research works that have deeper impact on the society. In addition, we hope
that our esteemed readers are able to connect better with the papers.

Education that we receive will have no meaning if we are not able to bring about positive
changes to the society and the mankind. We must provide education to help the mankind
and not to destroy it. Therefore, all research works carried out in the academic institutions
must be targeted towards eventually bringing benefits to the society. The second volume
features seven papers selected from the 2nd Annual Inter-programme Conference held in
Jigme Namgyel Engineering College in 2018.

I would humbly request all readers to continue to support us and provide constructive
criticism and feedback to enable us to grow further and contribute towards meaningful
research and innovation in the area of applied engineering, technology and management.

I would like to congratulate all researchers for your hard work and contribution and
continue to hope that we are able to make humble impacts to the society through this
publication.

Tashi Delek!
Karma Drukpa
(Acting President, JNEC)
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Rainfall-Flow Correlation and Flow Trends in Punatshangchu and Kholongchu

Basin
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Abstract— Bhutan is a country highly dependent
on the agriculture and hydropower sectors. Due to
this dependence, it is of utmost importance that the
water resources and rivers of Bhutan are regulated
for optimum use and sustainability. This research
was undertaken to assess the flow trends and the
correlation between flow and rainfall. Mann
Kendall’s coefficient correlation and Sen’s slope
test were conducted for trend analysis as a non-
parametric test and the relationship assessment was
done using Pearson’s Coefficient of Correlation.
From the study, there was no trend observed in
any flow gauging station which is apparently
due availability of limited flow data. Significant
correlation was observed is observed with flow
and rainfall at lag 1 for all the flow station, while
significant positive correlation was observed at
lag 4 for rainfall at Phobjika and flow at Wandgi
rapids.

Keywords—Rainfall, Flow, Correlation, MK test,
Bhutan.

1. Introduction

Incidental to the development of the country,
the advent of natural and man-made climate change
externally and internally became much more
evident. The demand for the daily necessities of
modern life required equivalent exploitation of the
natural thriving environment. However, the by-
products of human exploitation and interference
slowly but surely lead to a pitfall that would prove
near cataclysmic for future and present generations.
Being a landlocked country with a rugged terrain and
exposed to significant climate risks from the melting
of glacial lakes, floods, and landslides, it is easily
susceptible to global climate change. Erratic rainfall
threatens the economy, since hydropower accounts
for 40 percent of exports, and rain-fed agriculture

provides employment to nearly 60 percent of the
population [1].

The current evidences of climate change in Bhutan
are primarily extreme weather events, but impacts
from incremental changes are likely to be evident in
the coming decades. The impacts of climate change
depend primarily on the people’s vulnerability,
which is determined by factors including poverty,
remoteness, governance, capacity and awareness,
natural resources management and other factors that
pose challenges to achieving national development
targets [1].

Bhutan has the potential to generate an estimated
23,760 megawatts (MW) of hydroelectric power,
but at peak times consumes only 300 MW [2]. With
economic and population growth creating a shortage
of electricity in India, the RGoB and the Government
of India (Gol) agreed in 1974 to jointly construct
Bhutan’s first major hydroelectric plant. Bhutan’s
Nationally Determined Contribution (NDC) to the
Paris Agreement on climate change indicates its
intent to remain carbon neutral. This implies that its
carbon emissions, estimated at 2.2 million tons of
CO2, will not exceed total carbon sequestration by
their forests. Furthermore, the Constitution of Bhutan
mandates that the country maintain a minimum of 60
percent of the total land under forest cover. Bhutan’s
NDC indicates the possibility of offsetting 22.4
million tCO2e (tons of carbon-dioxide equivalent)
through the export of hydroelectricity by 2025 [3]

In recent years, the flow formation in a changing
environment has become an important scientific
problem in hydrology. A better understanding of the
flow changes and their potential driving forces are
thus of paramount importance to effectively utilize
water resources and reasonably manage river flows
[4]. Generally, climate change and human activities
are significant factors influencing flow variation. And
these factors affect the hydrology and water cycle in



a region. In a long-term span, climate change is a
dominant factor affecting flow in drainage basins.
In a short-term span, human activity interference is
the main cause of hydrology process variation in a
drainage basin.

Defining temporal change in river discharge
is a fundamental part of establishing hydrological
variability, and crucially important for identifying
climate—streamflow  linkages, water resource
planning, flood and drought management and for
assessing geomorphological and hydro- ecological
responses [5].

Costs related to hydropower now constitute
approximately two-thirds of Bhutan’s external
debt, which stood at 99 percent of GDP at the end
of 2015. The dominance of hydropower exports as
a source of foreign exchange also raises the specter
of “Dutch Disease”— that is, the competitiveness
of other industries is undermined by the increased
competition for resources (such as labor and
materials) with the hydropower sector. Currently,
imports for hydropower construction constitute half
of the country’s current account deficit, which stood
at 26 percent in December 2016. Moreover, the
inherent volatility in hydropower generation—which
is likely to increase as climate change affects winter
snowfalls and the flow of glacier-fed rivers—could
result in large fluctuations in government revenue
and expenditure if not properly managed [2].
Considering these challenges, there is an expressed
need for Bhutan to address the vulnerability to
climate change at the national, local and sectoral
levels.

GIS-based drainage morphometric quantification
and analysis is found to be a cost-and time-effective
approach to characterize poorly gauged basins as an
alternative and complementary source of information

[6].

Main targets of study are trend analysis, relation
of discharge and rainfall. Mann-Kendall test, Sen’s
slope and correlation have been conducted to achieve
these targets. Besides these, monthly variation of
rainfall and discharge have been analyzed in this
study. Coefficient of variation has been used to find
monthly variation. Statistical methods have been
conducted to this study [7].

Flow, a component of the hydrological cycle,

is considered an important process in the study of
hydrology. Knowledge about flow components
(surface and channel flow) under changing climatic
and vegetation condition in the White Volta River
catchment is limited. Information about flow is
fundamental to the understanding of part of the
hydrological processes in the catchment (White
Volta River basin). For instance, flow contributing
to stream flow from all parts of the catchment is
an important factor in meeting its water volume
standards in the main Volta River and Akosombo
dam [8].

With the development of the rainfall- flow
database we are able to show the uncertainties related
to precipitation measurements and forecasts as well
as uncertainties related to initial conditions. The
results of our studies in the Mulde catchment showed
that the generated rainfall scenarios are representing
a variety of artificial (or not yet occurred) as well
as real rainfall events, capturing a large spectrum
of different volumes and intensities. Moreover, we
demonstrated that flood events can be captured by
the range of the result set of flow simulations [9].

The implications of analytical decisions on the
interpretations of hydrological change are important
and impact on planning and development in many
fields including water resources, flood defense,
hydro-ecology and climate-flow analysis. This
study also confirms the importance of using the
seasonal streamflow data in trend analysis, rather
than simple annual means which can sometimes
fail to reveal the full temporal complexity of flow
trends [5]. Large-scale hydropower has been the
main driver and the backbone of Bhutan’s economy.
Hydropower development plans to 2022 foresee
investments totaling USD 3.3 billion for an additional
capacity of 3.8 GWe. Revenues from electricity
generation already account for an estimated 22%
of GDP. Despite Bhutan’s political and financial
commitment to hydropower development, there
is no data available nor any studies planned on the
potential negative impacts of climate change on the
country’s hydrological flows, and existing and future
hydroelectricity plants. Run-of-the-river hydropower
plants, as constructed in Bhutan, do not operate
reservoirs, and are highly dependent on natural
run-off, and thus susceptible to climate change and
variations [1].




Increasing trend of yearly discharge at Kushiyara
River might affect the water demand to meet the needs
of growing communities, farmers, energy producers
and manufacturers. Irrigation and navigation would
be affected severely. Rainfall is decreasing year to
year. Irrigational and sedimentation activities will
be hampered due to scarcity of rainfall. In winter
season, monthly variation of rainfall is maximum
than other seasons. So, it needs to take proper
plans for replenish the surface water management
otherwise surface water condition would be worse
[7]. The response of a particular watershed to
different hydrological processes and its behavior
depends upon various physiographic, hydrological
and geomorphological parameters. Though these
are watershed specific and thereby unique, the
characterization of a watershed provides an idea
about its behavior. Geomorphological analysis helps
in better understanding of hydrological system
of watershed which is useful for carrying out
management strategies [10].

The state-led hydropower development yielded an
annual average GDP growth rate of 7.6 percent since
1981, the third-highest in the world. The country’s
power generation capacity increased from 336 MW
in 1990 to 1,606 MW in 2015 and has remained the
same since then. During the same period, gross fixed
capital formation (mainly hydropower investment)
contributed to more than 60 percent of GDP growth.
Hydropower development is undertaken by Druk
Holding and Investments (DHI), which is fully
owned by the government. The sector accounted for
about 40 percent of exports in 2016 and 25 percent of
the total domestic revenues. Benefits of hydropower
development have been distributed to the population
through increased government spending on health
and education [11].

The main objective of this study is to determine
flow trend and to study the correlation between
rainfall and flow in the two basins.

2. Materials and Methods
2.1. Study Area

Fig 1 Study area (a) Punatshangchu Basin (b)
Kholongchu basin

Bhutan has five main river systems which are
Amochhu, Wangchhu, Punatshangchu, Mangdechhu
and Drangmechhu. The other five smaller river
systems are Jaldakha, Aiechhu, Nyera Amari, Jomori
and Merak-Saktengchhu. These river systems also
form five major river basins and five smaller river
basins. Punatshangchu river basin is the largest basin
with an area of 9,645 km2 and represents 25% of
the country’s total land area [12]. Hydropower plants
under construction are Punatshangchu HP I (1200
MW) & II (1020 MW). Punatshangchu Basin is a
stream (Class-H Hydrographic) in Asia, Bhutan. It is
located at an elevation of 106 meters above sea level.
Its coordinates are 26°22°60”N and 89°48°0”E in
DMS (degree, minutes and seconds) or 26.3833 and
89.8 in decimal degrees.

Kholongchu, which is a sub-basin of
Drangmechhu in eastern Bhutan has the first
Integrated sub-basin Management Plan developed
since 2017 [12]. The project is located at the lower
course of Kholongchu just before its confluence with
Drangmechu (Gongrichu) in Trashiyangtse District
of Bhutan. The diversion site is located at Latitude
27° 32’ 50” & Longitude 91° 30’ 49” E.

2.2. Data Collection

The flow and rainfall data were collected from
National Centre of Hydrology and Meteorology
(NCHM).

Daily time series of stream flow or discharge at




river Punatshangchu with two basins Wangdi rapid
and Dobani is taken from 1992-2015 and Kholongchu
with two basins Uzorong and Muktirap was taken
from 1992-2015 and 2001-2015 respectively was
analyzed in this study. Total period of discharge
data is 22 years for three flow stations except for
Muktirap which is of 15 years. The flow statatistics
are as shown is Table 1. In the other hand, daily
time series data of Rainfall at Gasa, Lingshi, Pelela,
Punakha, Samtengang Shelgang, Thinleygang,
Kumichu, Nobding, Phobjkha, Mongar, Kanglung,
Autsho, Yadi, Radhi, Dungkhar, Tangmachu and
Tashi Yangtse have been analyzed. Time period for
rainfall data is 22 years which is from (1992-2015).

Advanced Spaceborne Thermal Emission and
Reflection Radiometer (ASTER) Digital Elevation
Model (DEM) maps were downloaded from the
United States Geological Survey (USGS) and
used to delineate the basins and calculate the basin
parameters.

Table 1 Statistics for flow (in cumecs)

Station Max Min Mean sD

Uzorong 154110 3375 30974 25287
Muktirap 95844 804 64.20 6423
Dobani 301590 6294 36245 33088
Wangdi Rapid 219530 069 29360 276.09

2.3. Data Analysis

The geomorphological features of a basin are a
description of the various imminent features of its
surface and its streams. It is also representative of
the relationship between the hydrologic responses
of different basins. Using an Advanced Spaceborne

Thermal Emission and Reflection Radiometer
(ASTER) Digital Elevation Model (DEM) of 30m
resolution, the geomorphological features of both
basins were calculated using Quantum Geographic
Information System (QGIS) Geographic Resources
Analysis Support System (GRASS) software.

2.3..1. Basin Parameters

The geomorphological properties of the two
basins describe the various topological characteristics
of its landform (surface) and streams. Each of these
characteristics further influence the various shape
parameters that are directly or indirectly related to
the rainfall and surface flow the particular basin. By
defining these factors, an understanding of the basins
hydrological response is developed and comparisons
can be made.

From Fig 2 it is understood that the two basins
have varying hydrological responses. The strikingly
similar drainage density value signifies a similar
potential of availability of surface water in basin,
however, since the area of the Kholongchu basin
(21000.53 km2) is higher than Punatshangchu
(9703.49 km2) the total surface water would be
higher. Dd is a measure of the texture of the network,
and indicates the balance between the erosive power
of overland flow and the resistance of surface soils
and rocks. The factors affecting drainage density
include geology and density of vegetation.

The vegetation density influenced drainage
density by binding the surface layer and slows down
the rate of overland flow, and stores some of the water
for short periods of time. The effect of lithology on
drainage density is marked. Permeable rocks with a
high infiltration rate reduce overland

Table 2 Geomorphological Characteristics of Basins

Geomorphological Features Punatshangchu Kholongchu
Area (km?) 970349 21003.53
Perimeter (km) 860.03 1318.81
Length of longest flow (km) 265.91 367.37
Total Length of Streams (km) 1579.07 3271.28
Slope of Basin (Degrees) 28.00 26.61
Slope of Streams (Degrees) 015 0.09
Mean Elevation of Basin (masl) 3166.05 381796




Table 3: Parameters

Definition

Parameter Formula Value
Bifurcation Ratio, Rb=Nu/Nu+1 R — Nu
Rs P Nu+ 1 -
Total length of streams of one order L
. Total length of streams of next order R, = u
Length Ratio, Ry L,—1 -
Total length of streams
Drainage Density Area Al
(Km/Em?2) A -
Watershed Area
(Watershed Length)? A
Form Factor, F= I =1
(Watershed Length)® .
Watershed Area L_
Shape Factor, 5¢ A =1
Diameter of cicle of Watershed area B
- 1.1284%3
. . Watershed length
Elongation Ratio, Er L =1
Watershed Area
. . Area of Cicle of Watershed Area 12.574
Circulatory Ratio, Cr Py2 =1
Watershed Perimeter
Compact Perimeter of circle of watershed area 0.2821Pr
Coefficient, Cc A0S =1

Total length of streams

Length of Overland
Flow, Lg

2 x Drainage Density

Channel Length
Basin Length

Sinuosity Index, 51

flow, and consequently drainage density is low.
(Gardiner, 1981)

According to Horton, the bifurcation ratio
varies from a minimum of 2 in “flat or rolling
drainage basins” to 3 or 4 in “mountainous or highly
dissected drainage basins”; it is a parameter used in
equations giving the number of streams in a basin.
Punatshangchu basin has a bifurcation ratio of 1.67
and Kholongchu has a bifurcation sratio of 3.25, the

4 1

3

2

k)

0 ol = ol |-I-|
Rb RL Dd Ff Cr FEr

@ Punatshangchhu D Kholongehu

Fig 2 Basin Parameters

different values represent different responses
to floods during an event of heavy rainfall. The
shape factor of Punatshangchu basin is higher than
Kholongchu representing a less circular and flow
inefficient shape (elongated).

2.3.2 Mann-Kandall (MK) test

It is a non-parametric test for identifying trends in
time series data. This research paper uses the XLSTAT
software for Mann Kendall trend test. Monotonic

o

-

(b

1 il

Cc Lg ST St
O Punatshangehhu  OKholongehu

trends were analyzed using the non-parametric



Mann-Kendall test [13] ( for each of the quantiles of
the cumulative streamflow distribution [14]. In this
study statistical using Man- Kendall did significance
trend analysis test while for the magnitude of trend
was determined by non- parametric Sen’s estimator
method. Man-Kendall test is preferred when various
stations are tested in a single study. Mann-Kendall
test had been formulated by Mann as non-parametric
test for trend finding and the test statistic distribution
had been given by Kendall for testing non-linear
trend and turning point [15].

The significance level () is the probability that
a test detects trend or other change when none is
present [16]. In this study, the null hypothesis in
statistical tests is rejected using o = 0.05. Mann-
Kendall statistics (S) is calculated to find out the
increasing, decreasing or no trend in data time

series. Each value in the time series is compared
with the subsequent data values.

If the earlier value in the time series is greater
than the later value, the final value of ‘S’ would be

positive (an increasing trend). If the earlier value
in the series is less than the later value, value of ‘S’
will be negative (a decreasing trend) and if the value
of ‘S’ is ‘0’ (no trend) in the time series [17].

At 5% significance level, significant increase and
decrease in trend of rainfall is considered when -1.96
> Zmk > +1.96, non-significant trends in rainfall is
when -1.96< Zmk < 1.96, no trend is considered
when Zmk is equal to 0. When Z > +1.96, there is
significant increasing trend, while Z <-1.96 indicates
significant decreasing trend.

The value of ‘S’ is calculated as

5= E;;i‘ _?=K+l Sg?’l (Xf - Xk} {1)
Where,
1if (X — X ) >0
Sgn (Xp—X,) =4 0if (X — X ) =0 (2)

—1if (Xr— X)) <0

Tied values of either x or y produce a 0 value
rather than positive or negative. Tie correction needs
to be performed in case there is a presence of tied
value.

Tie correction = %, t:(i)(i-)(2i+3) (3)

Where,
ti = number of repeated values
i = repeated number of values
n = number of data points

In order to statically quantify the significance of
the trend in the time series, it is necessary to compute
the probability associated with ‘S’ and the sample
size ‘n’. The associated probability of ‘S’ and the
sample size ‘n’ is calculated:

V(s) = i [nn—1)(2n+5) — XL, t;({)(i -
1)(2i +5)] (4)

Computation of Variance is V(s),

5=1

WIFS:'D

0IFS=0
L IFS<0

v

7=

Where,
i = the number of data points in the ith group

n = number of data points

Computation of normalized test statistics, Z.
Where,

Z = Mann-Kendall Statistics
2.3.3 Sen’s Slope test

It is necessary to perform Sen’s slope estimator
test in order to predict the magnitude of the trend.




3. Result

3.1. Trend Analysis using Man-Kendall and Sens
Slope test

The null hypothesis of no trend is rejected
when S and Z are significantly different from zero.
The mean annual flow for the four station mainly
Dobani, Wangdi rapids, Uzorong and Muktriap
are been statistically analysed in the man Kendall
test. The result for the test is the Z statistics of man
Kendall test, Sen Slope by manual calculation as
shown Table 3 -Table 6. The remark of the result is
Mann-Kendall test computes whether the trend is
increasing, decreasing or no trend in the time series
data. If the trend is increasing, Sen’s slope test gives,
by what magnitude the trend in the time series data
is increasing.

The Sen’s estimator predicts the magnitude of
the trend. Here, the slope (Qi) of all data pairs is
computed as [18].

Qi=(x—x)/(i—1)
foril=1...n

(6)

Where,

k)

xi-xj = data values at time ‘i
respectively.

and . (i>))
The median (B) of the values of the ‘n’ values of

Qi represented as the magnitude of the trend in the
data time series

B = median (Qi @)

If the p (confidence level) is less than 0.05
(significance value) then, the null hypothesis is true.
Statistically significant tests result p less or equal to
0.05 means the test hypothesis is false or should be
rejected. Then a p values greater than 0.05 means
that no effect was observed. The confidence interval
value (equal to zero) will be determined the slope
value [19].

The formula for the Pearson product moment
correlation coefficient, ‘r’, is:

_ _Z-dH-j)
[T #PT0-57

(8)

all no trend as the positive value of test statistic
indicates a positive association means upward trend,
negatives value of test statistic indicates a negative
association means downward trend and test statistic
equal zero means no association (no trend). The test
results for the flow of four station are shown in Table
4-7. The result of test is non-significantly decreasing
trend while comparing with the Z hypothesis as the
computed p-value is greater than the significance
level alpha=0.05, one cannot reject the null
hypothesis HO.

3.2. Correlogram Dobani

The correlation is considered significant whose
correlation is beyond the threshold represented
by a red and grey dashed line known as upper and
lower limit respectively and is calculated at a 5%
significance level (o = 0.05). The Fig 3 to Fig 13
represents the correlogram associated with flow and
rainfall at 10-days lag period. From the figure it is
found that for all the flow station, rainfall during the
Ist and 2nd day is highly influential

of river flow at the nearest flow gauging station..
However, flow at Wangdi rapids is positively
influenced by rain at Gasa by 5-days lag which
means the rainwater takes around 5-days to reach
Wangdi Rapids. Moreover, it is observed that flow
at Dobani is negatively influenced after 4th day of
rainfall at Phobjikha indicating significant decline in
flow at Dobani after 4th day.




Table 4: Mann Kendall and Sen's Slope test for Wangdi Rapids

Time Series S Var(s) p-value Kendall's Z-value Sen’s Femarks
tau slope
Annual 2.00 162533 0.98 0.01 0.01200 0.00081 Notrend
Winter 2400 162533 0.57 0.09 028 0.00142 No trend
Pre- 0.000 1625.333 1.000 0 0.000 -0.0009 No trend
Monsoon
Monsoon 16.00 162533 071 0.06 0.18 ] No trend
Post- 36.00 162533 039 -0.13 -0.86 -0.0159  No trend
Monscon
Table 5: Mann Kendall Test and Sen’s slope for Muktirap
: . . Eendall's ) Sen’s
Time Series S Var(s) p-value tm Z-value slope Remarks
Annual -15.00 408.33 0.37 -0.18 -0.89 -0.01 No trend
Winter -33.00 408.33 0.11 -0.31 -1.58 -0.03 No trend
Pre- =20 40833 0373 -0.181 -0.540 -0.001 Mo trend
Monsoon
Monsoon -12.00 40833 0.62 -0.11 -0.54 0.00 Mo trend
Post- 500 408.33 0.84 -0.05 -0.19 0.00  Notrend
Monscon
Table 6: Mann Kendall Test and Sen’s slope for Uzorong
Time Series s War(s) p-value Kendall'stau Z-value Sen’sslope Remarks
Annual -48.00 162533 0.0% -0.25 -1.17 -0.02 Mo trend
Winter 12.00 162533 0.90 0.02 0.14 0.00 No trend
Pre-Monsoon  -18.00 162533 0.54 -0.07 -0.42 0.00 Mo trend
Mhonsoon 2000 162533 0.64 -0.18 -0.47 0.00 No trend
Post-Monsoon -42.00 162533 031 -0.15 -1.0170 -0.2420 Mo trend
Table T: Mann Kendall Test and Sen's slope for Dobani
Time Series 5 Var(s) p-value EKendall'stau Z-value Sen’sslope Remarks
Annual -56.00 162533 017 -0.20 -1.364 -0.024 No trend
Winter 10400 162533 001 0.38 127 0.03 No trend
Pre-Monsoon -26.00 162533 054 -0.09 -0.62 -0.01 No trend
Monsoon -70.00 162533 009 -0.25 -17M -0.04 No trend
Post-Monsoon  -32.00 162533 044 -0.12 -0.7600  -0.0140  No trend
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4. Conclusion

The main objectives of this research are to study
the trend analysis in the two basins and to compare the
flow regime and rainfall-flow correlation between the
two basins. Mann-Kendall trend test, Sen’s slope test,
Karl Pearson’s coefficient correlation was conducted
to achieve these objectives. Using GIS tools, certain
parameters to compare basin characteristics and how
it affected flow for each basin was established.

The different values for various shape factors
determined Kholongchu basin to have a higher
bifurcation ratio, length ratio and elongation
ratio. These higher values for Kholongchu were
established by the sheer size of its basin, it can
be seen possessing more circularity compared to
Punatshangchu. Thus, by examining the features and
factors, we find Kholongchu to have a more flow
efficient and mature basin.

Correlation performed with rainfall-flow data
were all found to be positive, which indicates that
rainfall was affecting the flow. The value of coefficient
of correlation ranges from 0.3303 to 0.4020 which
indicates a moderate positive correlation between
rainfall and flow.

From the trend analysis, it was observed that

Lower Limit

I
Fig 13 a) Mongar and b) Average rainfall

there is no trend in any of the flow station. Such an
observation is mainly due to limited data that was
under consideration.

The set of data used for this research were of 25
and 15 years for rainfall and flow respectively which
are not a significant set of data. The significance level
helps in rejecting or accepting the null hypothesis.
The significance level of 5 percent indicates risk
of concluding that a difference exists when there is
no actual difference. There were missing data for
which arithmetic mean method was used to fill up
those missing data. Better methods can be used for
filling the missing data. This research can further
be improved with more sets of data. Most of the
researchers insists on using minimum of 30 to 50
years of data.
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Abstract- Corporate Social Responsibility (CSR)
is a term which recently became very popular.
It represents an individual’s, or an entity’s
responsibility towards the benefit of community.
There is no longer merely profit consideration.
Today communities around are demanding that
firmstake care of them andthe environmentinwhich
they operate. Corporate Social Responsibility is, in
simple words, a way of doing business by combining
economic benefit with environmental sustainability.
Companies can contribute to the environment in
many ways, including: environmental protection,
investment in social, educational, or cultural
programs, or the return on human resources
employed. This paper analyzes the role of CSR and
the initiatives taken by one of the companies that
is the SD Eastern Bhutan Coal Company Limited
located in Samdrup Jongkhar District, towards

ensuring Corporate Social Responsibility.

Keywords:  Corporate  Social  Responsibility,

Community, Environment Sustainability

1. INTRODUCTION

In last few decades the concept of Corporate
Social Responsibility has grown exponentially.
The CSR activities are treated as an investment not
as a cost where it shows the relationship between
organization and the stakeholders. The business’
purpose is not only to earn profit but also to look
after the welfare of the society. By practicing CSR,
companies can be conscious of the kind of impact
they are having on all aspects of society, including
economic, social and environmental. To engage in
CSR means that, in the ordinary course of business,
a company is operating in ways that enhances
society and the environment, instead of contributing

negatively to them. As important as CSR is for the
community, it is equally valuable for a company.
It is important to both consumers and companies.
For a company to be socially responsible, first they
need to be accountable to itself and its shareholders.
Companies that adopt CSR programs have grown
their business to the point where they can give back
to society. Thus, CSR is primarily a strategy of large
company and also more visible and successful. The
more responsibility it has to set standards of ethical
behavior for peers, competition and industry.

In general, social responsibility is more effective
when a company takes it on voluntarily, as opposed
to being required by the government to do so through
regulation. Social responsibility can boost company
morale, and this is especially true when a company
can engage employees with its social causes. They
should adopt policies that promote the well-being of
society and the environment while lessening negative
impact on them. Companies can act responsibly in
many ways, such as promoting volunteering, making
changes that benefit the environment and engaging
in charitable giving.

It contributes to a positive image of the company,
increase employees and customer’s satisfaction as
well as the other factors that need to be consider
when measuring business success. This is the
question why there is a need for a corporate social
responsibility in today’s era? If the company is
running in well manner, what suddenly happened
that the corporate entity feel the need of Corporate
Social Responsibility. The current need, emergence
of corporate social responsibility and the status
of social responsibility are the answers of these
questions. Therefore, this study expects to examine
the role of Corporate Social Responsibility activities
of SD Eastern Bhutan Coal Company Limited in a
company and its impact on the communities around.
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2. LITERATURE REVIEW

Corporate Social Responsibility is a self-
regulating business model that helps a company
be socially accountable to itself, its stakeholders
and the public (Chen, 2020). The concept of social
responsibility proposes that a private corporation
have responsibilities to society that extent
beyond making a profit (World Business Council
for Sustainable Development, 1999). Through
displaying the ideals and interests of the organization
by charitable involvement, workers can feel
motivated (and supported) in finding creative and
improved forms of performing their work (Russell,
2018). In the 21st century larger firms face large
number of changes and challenges including the
CSR as being one of the key problems as firms being
not able to satisfy the needs of the society. According
to Environment Management (2017), CSR is the
continuing commitment by business to behave
ethically and contribute to economic development
while improving the quality of life of the workforce
and their families as well as of the local community
and social at large. CSR activities can help forge a
stronger bond between employees and corporations
and help both employees and employers feel more
connected with the world around them (Lumen
Learning, n.d). As per Lhaden, (2010) CSR should
not only be a moral responsibility but should also
have a legal obligation whereby the interests of the
people at large are protected from possible abuse.
Managing risk is a significant corporate obligation
specifically on the environment and other corrupt
practices which will have serious implication on the
company’s reputation that can be reduced by CSR
activities (Epstein, 2012).

3. METHODOLOGY
3.1. Respondents

The research participants were 36 altogether, 20
employees of SD Eastern Bhutan Coal Company and
16 local residents of Rishore including the Gup of
Dewathang gewog.

3.2. Research Design

Survey was conducted with employees of

SD Eastern Bhutan Coal Company limited and
interviewed the people of Rishore to collect data.
This technique is more reliable and objective.

3.3. Data Collection

Data were collected both from primary and
secondary sources. Primary source included self-
administered questionnaire framed to collect
the required data regarding the perception of the
employees towards CSR and financial performance.
Secondary source included literature review on
corporate social responsibility.

3.4. Data Analysis

To understand the employee’s perception on CSR,
self-administered questionnaire was analyzed using
chi-square test and percentage analysis. Analyzed
data are presented in graphs and tabular form.

4. RESULT AND DISCUSSION

A. Perception of local community on the CSR
initiatives taken by the company

The people living in Rishore community were
surveyed to know their perceptions on CSR benefits
provided by the company. The aim was to conduct
the survey with local people on their view on the CSR
initiatives provided by the company. There were 16
respondents, with 15 local households and the Gup
of Dewathang. The results are provided below with
percentage analysis on the answers provided by the
respondents.

Company's initiatives

HYes

= No

12.5%

¥ MNot su

Figure 3.1 Company’s initiatives
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This pie chart show that 62.5% of respondents
agreed that company takes initiatives to reduce
environmental impact while 12.5% of respondents
disagreed with statements whereas 25% of
respondents were not sure about it.

Environment protection

“'No ~ Notsure

~ ¥es

Figure 3.2Environment protection

From this pie chart it can be observed that 68.5% of
the respondents agreed that company tries to protect
environment while 6.25% of respondents disagreed
with statements whereas 25% of respondents were
not sure about it.

B. Perception of the employees on relation to CSR
and Financial Performance

In order to gain better insight into the CSR
initiatives taken by the company, we conducted
survey in the form of questionnaires and distributed
to the employees of the company. The variables
taken were CSR motives, organization benefits and
employee’s benefit in relation to Corporate Social
Responsibility. The results are interpreted using Chi
Square test and represented in Likert scale below.

1) Chi Square Test

Chi-square is a statistical test commonly used to
compare observed data with data we would expect
to obtain according to a specific hypothesis. The
formula for calculating chi-square is

X*2 =Y (0 — E)*/E

That is, chi-square is the sum of the squared
difference between observed (o) and the expected (e)

data (or the deviation, d), divided by the expected
data in all possible categories.

TABLE 1
CSR Motives
Strongly Strongly

Chi Square Test | Disagree | Disagree | Neutral | Agree | Agree | Total
Observed
Numbers (0) | 12 n 67 9 |4l 10
Expected
Numbers
E=M015) 48 48 48 S 10
(0-E) -36 )| 19 § (7 0
(0-E)"2 9% |4l W25 49 4n
(0-E)'2E " 918 |75 (4218 )10 E

The chi square value is 86.88 and to find degree
of freedom we used given formula which is ((r-1)
*(c-1)) is equal to (12-1) *(5-1) = 44. After finding
degree of freedom, we used chi square calculator to
find the P value 0.0001239 which is less than the
significance level (0.05). Therefore, employee’s
perception of CSR practices and CSR motives have
a positive relationship.

TABLE 2

Organizational benefits

Chisquare | Strongly | Disagree | Neutral | Agree | Stronghy | Tota
test Disagree Agree
Observed

wmbes©)[10 |3 |0 |5 |6 |
Expected

nimber

E45) 468 (468|468 468 |48 |2
©F |38 |38 |B2 |42 |08 oo
OF)2 | 135424 |s66s |1849 | 2024|064 | 422
ODME |88 |11 3% |96

The chi square value is 94.63 and the degree of
freedom is 44. By using chi square calculator to find
the P value which is equal to 0.00001449 which is
less than the significance level (0.05), this can include
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that employee perception of CSR practices and
organizational benefit have a positive relationship.

TABLE 3

Employee’s commitment

Chi Unimp Of Moderately | Impor | Very | Total
Square | ortant | little important tant | impo
Test import rtant
ance

Observed
Numbers
(0) 4 13 26 25 12 80
Expected
Numbers
(E=80/3) 16 16 16 16 16 80
(0-E) -12 -3 10 9 4 0.0
(0-E) "2 144 9 100 81 16| 350
(0-E)
"UE 9 0.56 6.25 5.06 1

The chi square value is 21.87 and the degree of
freedom is equal to 12. By chi square calculator to
find the P value is equal to 0.039 which is less than
the significance level (0.05), hence this can prove
that employee perception of CSR practices and their
commitment have a positive relationship.

2) Percentage Analysis

A pie charts displays data, information, and
statistics in an easy-to-read ‘pie-slice’ format with
varying slice telling you how much of one data
element exists. The bigger the slice, the more of that
particular data was gathered.

The above pie chart explains the percentage
analysis which is done using the data from the
questionnaire for CSR motives. A calculation based
on the CSR motives is based on the data given above
the pie chart. It depicts that 38.75% of the employees
agrees and 17% strongly agrees with the statements
which states the reasons why company is providing
CSR that is mainly to strengthen the financial
position in the market. Which means more than half
of the employees agrees that providing CSR has an
impact on the financial performance. And 5% of the
employees disagrees that company provides CSR in
order to improve the financial performance. Over all

maximum of the employees agrees that company
providing CSR has a positive impact on the financial
performance?

Organizational Benefits

m Strongly disagree
® Disagree
¥ Neutral
Agree
B Strongly agree

Figure 3.7 Percentage analysis on organizational
benefits

The above pie chart explains the percentage
analysis which is done using the data from the
questionnaire for Organizational Benefits. A
calculation based on the organizational benefits
is based on the data given above the pie chart. It
depicts that 40% of the employees agrees and 26%
strongly agrees with the statements which states the
benefits that company enjoys after having provided
CSR. Which means more than half of the employees
agrees that company providing CSR has benefited
it financially. And 10% of the employees disagrees
which means Over all maximum of the employees
agrees they do not agree that company providing
CSR has financial benefits. Although, overall, 10%
of the employees disagrees more than half of the
employees feels that providing CSR has financial

EMPLOYEES COMMITMENT
Very
important

15%

Unimportant
5%

Of little
important
16%

Moderately
important
33%

Figure 3.8 Percentage
commitment

analysis on employee’s
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benefits towards their organization.

The above pie chart explains the percentage
analysis which is done using the data from the
questionnaire for Employee’s Commitment. A
calculation based on the employee’s commitment is
based on the data given above the pie chart. It depicts
that 31% of the employees finds important and 15%
very important with the statements which states the
employee’s commitment towards the organization
which provides CSR ultimately having an impact
on the financial performance. Although 5% of the
employees finds unimportant and 16% finds of
little importance, maximum of the employees still
feels that they are more commitment towards the
organization which provides CSR which ultimately
impacts on the financial performance

C. CSR initiatives undertaken by the company
towards local community

Over the past few decades and initially from
the time of commencement, SD Eastern Bhutan
Coal Company limited has played social-economic
development roles in its own little myriad ways. The
ensuing each year has begun to receive more and
active participation than the former ones. The social
perimeters of benefits have stretches; starting from
uplifting the destitute and economically backward
sections of the people; employment generation,
financial assistance for pursuing and fulfilling
younger generation’s education dream. Moreover,
it has extended its social donation perimeters to
preservation and promotion of culture, games and
sport and has continue participation maintained
in the times of nation hues and cries (SD Eastern
Bhutan Coal Company Limited, n.d.).

On July 8th the project members along with our
project guide had a visit to Rishore (community near
the company) to survey the residents of Rishore on the
CSR initiatives taken by company for the community.
It is observed that there were aged population whose
wellbeing are being taken care by providing land and
also financial supports. The company has notable
financial anticipation in reviving razed houses to
its normal structure after the natural disaster. The
company is committed to a sustainability policy that
emphasizes the preservation of the environment. In
addition to the stringent environmental standards

the company also implements various measures to
minimize the effect on the environment. Among
these measures taken, is the company initiates and
participates in plantation of trees in barren and
deforested areas. On land destruction caused by the
company, they planted saplings.

As one of the largest manufacturing plants in
the Eastern part of the country, the company has
always considered its social obligations a primary
responsibility. In that regard, a majority of the
company’s employees are Bhutanese citizens who
are trained extensively and develop different skills.
In this manner, the company shows its commitment
to improving the human resource capacity in Bhutan
(SD Eastern Bhutan Coal Company Limited, n.d.).
The Company compensated more than Nu 1.7 M
to five affected villagers of Rishor chiwog under
Dewathang Gewog in Samdrup Jongkhar for the
local community, and provided paid internships
for students on their vacations (Wangchuk, 2020).
To encourage outstanding children of farmers in
pursuing higher studies the company introduced
donating of financial assistance every year so that it
encourages them to fulfill their dream of achieving
academic excellence. This effort has motivated
children to excel in their studies and spread education
in rural areas. Company’s main motive is to see an
educated, talented and strong youth in the future
and thereby contribute towards nation building.
The company also provided free transportation for
students residing in Rishore Bhutan (SD Eastern
Bhutan Coal Company Limited, n.d.).

Asperthe peopleresiding in Rishore, construction
of road was indeed a blessing for them. They say
that the company tried to save trees in nearby area
to protect the environment. The company has also
taken various initiatives by promoting awareness
among truckers on the safety in driving and concern
for the community. According to the residents
of Rishore, the company also benefited them by
providing job opportunities that has improved their
living standard. Some of the residents were found
undertaken business and other enterprising activities
in the area.
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D. How do internal CSR affect employees
inspiration and confidence?

Engagement of corporate social responsibility
is not voluntary any longer. Organizations will
recognize that their internal (employee participation,
efficiency, attrition rate) and external (increased
sales, customer loyalty, brand awareness) success
are influenced by CSR. Through developing and
investing in CSR programs, organizations have the
ability to highlight their core beliefs and develop
trust in their staff and customers.

Through research we found out that the
company through the promotion of corporate social
responsibility (CSR) is reaping the benefits of their
good deeds, including increased brand awareness
and employee satisfaction. The way a firm treats its
community says a lot about how a business treats its
employees. People who feel respected and supported
in their jobs are often more productive at work
and more satisfied. Giving opportunities for your
employees to volunteer, especially during working
hours, creates a sense of community within your
organization as well as a connection to the community
around you. Via such professional growth programs,
the staff will achieve inspiration and confidence
in their jobs. Employees should be encouraged to
continue contributing to the larger picture through
this social engagement. We can come up with new
ideas about goods or internal procedures, or invent
new approaches for problem solving.

Employees are no longer focused solely on the
benefits that you offer which benefit them directly,
such as on-site workout facilities, health benefits etc.
Itisimportantto them that you take steps toward social
responsibility and do as much as you can to reduce
your impact on their personal lives, communities,
resources and the entire environment. The objective
of a successful CSR system and employee happiness
not only resides in how the public perceives you. It’s
not all about having exterior changes and becoming a
successful company neighbor. You ought to support
the workers develop and become more, better skilled
citizens.

CSR policy is at the heart of the day-to-day
operations of the business and guides future
progress. We find out that there are a variety of
forms the business profits from such endeavors. CSR

is known for having an impact on staff turnover.
Socially conscious practices foster justice and in
effect contributes to lower turnover of employees.
On other hand, if a company exhibits an unethical
conduct, workers will find such activity to be
negative. It is often shown as well-paying workers
with fair wages and decent health is viewed as a
socially conscious action and therefore decreases the
turnover of employees. A supportive work climate
may contribute to good outcomes such as more
favorable workplace behaviors and improved job
efficiency.

5. CONCLUSION

From the findings of the research, it can be seen
that CSR initiative is undertaken by company and
it has benefited to the people. This research also
revealed that social responsibility is regarded as an
important business issue irrespective of the size,
sector, age, or location of the organization. It can be
observed that there is positive relationship between
CSR practices and organizational benefit where
P value (0.00001449) is less than the significance
level (0.05) which is proved using Chi Square test.
When it comes to CSR practices and employee’s
commitment, there is positive relationship where
P value is equal to 0.039 which is less than the
significance level (0.05).

Through literature review, it can be seen that
CSR is undertaken by companies for various
reasons. Some of the reasons may include improving
their brand image, however, through discussion and
findings it is found that although there might be
financial gain in such activity, it is more about taking
initiatives for the benefit of society and environment.
As per the survey done on local community’s
perception on initiatives taken by company as a
part of corporate social responsibility, 75% of the
respondents agrees that the company carried out its
responsibilities fruitfully.
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7. RECOMMENDATION AND FUTURE SCOPE

Opportunities are endless on how the company
can contribute towards achievement of corporate
social responsibility. Through findings, it is learnt
that the identified company is actively carrying
out its corporate responsibilities, however there
several issues that the company look into resolving
especially reviving environmental concerns as
well the maintaining the landscape for the people
living around Rishore. The study is limited certain
community to assess the impact of Corporate Social
Responsibility undertaken by SD Eastern Bhutan
Coal Company Limited without indepth study on the
various aspects of CSR at broader level. The purpose
of the study was to determine activities undertaken
as a part of CSR and to observe whether the people
were satisfied with the facilities being provided. The
survey also offered opportunities for respondents
to provide their own ideas and comments. In the
period of four months, study could capture certain
information from the limited community.

8. REFERENCES

Chen, J. (2020, Feb 22). Retrieved from https://
www.investopedia.com

Chew, P. K., & Nasruddin, D. (2015). Corporate
Social Responsibility. Retrieved from eprinits.usm.
my: https://wwwckpeng-2015-eprints.usm.my

Das, L., & Bhunia, A. (2016, july 19). The impact
of CSR on Firms’ Financial performance. Retrieved
from American journal of Business, Economics and
Management: https://www.openscienceonle.com

Epstein, J. (2012, Feb 21). six reasons companies
should embrace CSR. Retrieved from Forbes: https://
www.forbes.com

Environment Management (2017). Science and

Engineering for Industry. https://www.sciencedirect.
com/topics/earth-and-planetary-sciences/corporate-
social-responsibility

Lumen Learning (n.d). Module 15: Sorporate
social responsibility. Human Resources
Management.  https://courses.lumenlearning.com/
wmopen-humanresourcesmgmt/chapter/what-is-
corporate-social-responsibility/

Mishra, S., & Suar, D. (2010, september).
Does corporate social responsibility influence firm
performance of indian companies? Retrieved from
ReseachGate: https://www.researchgate.net

Russell, K. (2018). Four benefits of corporate
social responsibility. Retrieved from Fronetics:
https://www.fronetics.com

SD Eastern Bhutan Coal Company Limited.
(n.d.). Retrieved from https://www.sdbhutan.bt

Stawiski, S., Deal, J. J., & Gentry, W. (2010,
june). Employee perception of corporate social
responsibility. Retrieved from center for creative
leardership: https://www.ccl.org

Story, J., & Neves, S. (2014, December 11).
when corporate social responsibility
performance. Retrieved from Wiley Online Library:
https://www.onlinelibrary.wiley.com

increases

Lhaden, T. (2010). Corporate social responsibility
of the pblic sector entities in Bhutan. https://core.
ac.uk/download/pdf/213853129.pdf

Wangchuck. (2009, September 13). Retrieved
from https://www.beautifulbhutantour.blogspot.com

Wangchuk, K. (2020, April 24). SD easten Bhutan
Coal company compensates more than Nu.1.7 M to
affected villagers. Retrieved from BBS news: https://
www.bbs.bt

19



Student Reporting and Verification System for JNEC

Tashi Pelmol, Yonten Choden2, Younten Tshering3
Department of Information Technology,
Jigme Namgyel Engineering College

yontenchodend(@gmail.com, ashpems101@gmail.com, yountentshering@jnec.edu.bt

Abstract - Student reporting and Verification
System is a web-based application that enables
users to register students in a semester and generate
student report for a semester. This project ensures
to minimize time and resources consumed during
manual registration of the student. It will help in
generating student reported and not reported for
the particular academic semester. This system will
be used by student administration to record student
status in the system. The system was developed
using HTML, CSS, and PHP. This system can be
further upgraded by adding user chat features,
developing biometric information system and self-
registration system in near future.

1. INTRODUCTION

Academic institutions enroll students and it is
observed that registration process demands huge
manual works. It involves registering new enrolls
manually and the lengthy list needs to be compiled
to analyze total student registered, reported and not
reported. This demands time and energy for person
involved in the task. Therefore, this project aimed to
develop an online system for student registration and
reporting process.

Student Reporting and Verification System is
an online system to store the information about the
student attending higher education for a particular
semester and recording individual students report
status during the registration. With the need of, this
project expects to develop an effective and efficient
system that can automatically generate the report and
show the data of students who have registered and
who are not.

By using this system, it will assist colleges to
maintain the record of the student reported and not
reported for a particular semester. Moreover, this
system is a solution to minimize the time consumed
while maintaining the records of the students
reported and not reported.

Figure 1: Context Diagram
1I. AIM AND OBJECTIVES

Design and develop a management system to
generate a report on total student registered for a
semester.

Objectives:

* Reduce the workload of the registration
personnel.

* Minimize time consumed as compared to
manual registration.

* Reduce the wastage of resource.
III. LITERATURE REVIEW

Student Registration System is a software to
manage registration operation for a university. This
registration system provides a simple set-up of
programs for student enrollment. It enables colleges
or universities to supervise the growing number of
enrollments, reducing the work and costs involved
by getting rid of paper and printing resources [1].
The Student Registration System serves to eliminates
time and resource wastage. It helps in overcoming
the human errors and a time-consuming process.

In another hand, Student Reporting and
Verification System provides the same level of
function as Student Registration such as time and
resource management. However, in this system, it
can generate report on the total number of students
reported and not reported which Student Registration

System lacks.
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The Online Reporting System is a Web-based
system that provides administrators, teachers, and
parents with the information to measurably improve
student language proficiency. [2]. This system
focuses on the improvement of the student academic
which can be viewed by the parents. Whereas
Student Reporting and Verification System focuses
on generating total number of students reported and
not reported which can be viewed by general user
who has the user credentials. These two systems
work in same field to benefit the colleges but focuses
on different section.

Student Reporting and Verification System
was developed to serve the need of the college to
generate the total number of students reported and
not reported dynamically.

IV. METHODOLOGY

Student Reporting and Verification System was
developed using “Traditional Waterfall Model”.
The process starts with Requirement Gathering
and Analysis, System Design, Implementation and
Testing, Development of system and Maintenance.

v L

S ——
Tomne:

Figure 2: Traditional Waterfall Model
1. Phase I

All the requirements regarding Student
Reporting and Verification System for JNEC are
collected in this phase. For this system, the various
requirement was gathered through internet and
interview the focal person.

2. Phase Il

Design and coding of Student Reporting and
Verification System for JNEC was made in this
phase. Mockup software was used to design the
interface.

Figure 3:DFD Level 0

o — |
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Figure 4: ER Diagram
3. Phase II1

To implement the interface designed in the
carlier phase, PHP, CSS, HTML, JAVASCRIPT was
used. Then each work done was reviewed and tested
in each phase. Some test is yet to be implemented.

4. Phase IV

The system was developed but it is not yet
deployed to use publicly. In fact, the system
is deployed on the computers for time being.
Accordingly, certain test is performed.

5. Phase V

After the system is deployed publicly, there is
chances of bugs or errors. For that, maintenance is
yet to be done.

V. RESULT

The key interest of this project is to serve the
need of student registration team while enrolling new
students in terms of shortening time and resources
management. The current process of registration
was time consuming for both the administrator
and student, and required manual generating of the
report status. However, this system aims to ease the
college management by generating total number of
students reported and not reported dynamically.

21



Login page

This is the login page for the Student Reporting
and Registration System for JNEC:

STUDENT REPORTING & VERIFICATION SYSTEM FOR JNEC

B MAASYEL PSSR OO LB

Add, Modify and Delete student and user

Only the admin can add, delete and modify the
student and user details.

Waadwal bnailed v Maded e

Fetch and Update student Details

Student Affairs, Exam cell and Accounts can
fetch the student details from the database and make
necessary modification on it.

Uadew Pepmeied o Uadenl e

General User

General user can be anyone who has user
credentials. On login, general user can view the list
of reported and not reported student.

V1. CONCLUSION

Student Registration and Reporting System,
an online system has been developed to serve
during registration process. It focuses to reduce the
time taken by the person in charge of generating
student registration report and generate the report
automatically at the end of registration process.
It is indeed a needed application to function the
registration process of any colleges.

The system developed provides the users to
make required changes during registration, generate
registration report automatically and enable the
Head of the colleges to view the report. Only admin
and designated users can access their specific data.
The system is developed with full security from
. unauthorized access and it is also user friendly,
compatible with mobile and considered reliable.
This system can be upgraded by adding user
chat feature, developing biometric technologies-
based registration and reporting system, and self-
registration system.
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Abstract - Digital elevation models (DEMs), which
can occur in the form of digital surface models
(DSMs) or digital terrain model (DTMs), are
widely used as important geospatial information
sources for various remote sensing applications,
including, the precise orthorectification of high-
resolution satellite images, 3D spatial analyses,
multi-criteria decision support systems, and DEM
is also commonly used for hydrological and
geological studies and geomorphological studies.
The accuracy of DEMs has direct impacts on
specific calculations and process chains; therefore,
it is important to select the most appropriate DEM
by considering the aim, accuracy requirement, and
scale of each study. In this research, DEMs obtained
from a variety of satellite sensors were compared
with 20 Ground Control Points (permanent GCPs)
and 380 elevation points within the Jigme Namgyel
Engineering College boundary to analyze their
accuracy and performance. For this purpose,
freely available Advanced Spaceborne Thermal
Emission and Reflection Radiometer (ASTER),
Shuttle Radar Topography Mission (SRTM), and
Advanced Land Observing Satellite (ALOS) of 30m
resolution data were obtained. The purpose of this
study is to assess the accuracy among the three
DEMs. The vertical accuracy of DEMs is evaluated
through six performance indicators coefficient of
correlation (r), coefficient of determination (112),
Root Mean Square Error (RMSE), Mean Absolute
Error (MAE), Nash-Sutcliffe Efficiency (NSE),
and Accuracy. The results of these performance
indicators are compared and analyzed among each
DEM. The accuracy assessment is evaluated in two
different aspects that are, concerning elevations
and slope value. The result shows that ALOS is
most accurate concerning both elevation and slope.
To extract the elevation data of the terrain ALOS

is most preferable, and similarly ALOS gives a
comparatively precise slope value.

Keywords—Accuracy assessment, Digital Elevation
Model, Real-Time Kinematic (RTK)

1. Introduction

A Digital Elevation Model (DEM) is a specialized
database that represents the relief ofa surface between
the point of known elevation. In Bhutan, generating
slope maps using DEMs is not widely used, National
Land Commission Secretariat (NLCS) and only
other few agencies are using DEMs for analyzing
topographical study [1]. DEMs are important in
providing valuable geological information that
can be used as a guide in defining the geology of
a given area. To represent exact information about
the Earth’s surface, the vertical accuracy of DEMs
must be higher so that it can be used to determine
the attributes of terrains [2], such as elevation at any
point, slope, and aspect. Until now in Bhutan, the
research

on the vertical accuracy assessment of DEMs is
not carried out and accuracy of these three DEMs has
not evaluated.

Digital Elevation Models (DEMs) are
recognized as a core spatial dataset required for
many environmental applications. However, the
availability of comprehensive DEMs for water
resources studies is rather limited and limitations of
current, free or open-access DEMs are well-known
[3]. Freely available and global scale DEMs, such
as that from the Shuttle Radar Topography Mission
(SRTM) or the Advanced Spaceborne Thermal
Emission and Reflection Radiometer (ASTER)
mission exhibit large vertical errors which are
exacerbated over complex topography and they
cannot resolve microtopographic variations
relatively flat terrain. In a study, [4] argued that
inundated areas from a flood simulation, albeit a

in
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simplistic case in their study, vary significantly
across different DEM data sources. In another study
dedicated to hydrologic applications, [5] evaluated
the vertical accuracy of open source DEMs (ASTER
and SRTM) and concluded that slope and drainage
network delineation are largely violated compared to
their reference DEM [6].

Spatial resolution, absolute error in the vertical,
and accuracy in relative gradient (slope) are all
important attributes of a DEM, and the requirements
ofthose need to be properly established. Whilst views
on the impact of spatial resolution may be more
varied, depending on the complexity of the process
simulated or indeed the DEM source [5] absolute and
relative accuracy in the vertical is crucial, and even
small vertical errors can have significant impacts on
the application accuracy, especially at the local scale.
Thus, the accuracy of Digital Elevation Models
(DEMs) is important to figure out for its many
environmental applications.

This research presents the result through
statistical analysis to compare the accuracy of
DEMs dataset, Shuttle Radar Topography Mission
(SRTM), Advance Spaces Borne Thermal Emission
and Reflection Radiometer (ASTER), and Advanced
Land Observing Satellite (ALOS) which is freely
available global DEMs. For accuracy assessment,
total elevations data of 400 ground controls points
(GCPs) randomly distributed within the Jigme
Namgyel Engineering College boundary were used.
They were measured using a real-time kinematic
assuring = | and £ 2 cm accuracies, respectively, for
planimetry and altimetry.

This project aims to do a comparative study of
vertical accuracies among three DEM datasets over
Ground Control Points (GCPs) collected by Real-
Time Kinematic (RTK) within Jigme Namgyel
Engineering College to analyze the accuracy of
DEMs to select the best among three

This project involves the extraction of three
DEMs (SRTM, ALOS, ASTER) of 30m resolution
from U.S. Geological Survey (USGS) Earth Explores
and generate reference DEM over the JNEC campus.
The reference DEM is generated through GIS using
existing GCPs and spot heights collected through
Real-Time Kinematics (RTK). For the vertical
accuracy assessment of DEMs, 20 Ground Control

Points (permanent GCPs) and 380 elevation points
within the Jigme Namgyel Engineering College
boundary were used. The elevation points collected
are randomly distributed, covering the maximum
area of the JNEC campus.

1.1. Study Area

Jigme Namgyel Engineering College (JNEC)
is located at the west end of Dewathang town, 18
kilometers from Samdrup Jongkhar. JNEC lies
between the coordinates 26°51°06"'N to 26°51°54""
and 91°26'48"'E to 91°26°06"'E with an elevation of
800m (2,600ft).

Figure 1: Study Area
2. Data and Methods

2.1. Data

2.2.1.Advanced Land Observing Satellite (ALOS)
Data

The ALOS was released in 2015 by the Japan
Acrospace Exploration Agency (JAXA) The ALOS
is a sample of the 5-meter mesh version of the World
3D Topographic Data, which is considered to be the
most precise global-scale elevation data at this time
[7]. ALOS was produced using the traditional optical
stereo matching techniques applied to images acquired
by the Panchromatic Remote-sensing Instrument
for Stereo Mapping (PRISM) sensor onboard the
Advanced Land Observing Satellite (ALOS) [8]. The
accuracy of the 5-meter mesh version of this DEM
has been reported in a few studies. found [9] that
the ALOS has height accuracies better than 5-meter
in four test sites with varying terrain features while
[10] found the same DEM version to have a Root
Mean Square Error (RMSE) of almost 4-meter based
on comparisons with various data sets including
airborne LiDAR Digital Surface Model (DSM) and
Ground Control Points (GCPs).
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Table 1: List of DEMs used for compansons and geomorphic analyses

Data SRTM ASTER ALOS
Resol 30 ML 30 ML 30 M1
ution {m})
Cover age SO'N-56"S 83"M-83"5 82"M-82°5
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SETMI1ATC {5m), hitp-//aw3d jpen’
Notes Launched in Released 2011, update Sm DEM released 2015
February 2000, of as highest resolution commercial
releazed 2014, ASTER released 2000, global DEML
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us automated processing wersion released 2016
coverage. and stacking of
ASTER.
stereo pairs by
MNASAS and
METIa
‘Country us Japan us
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Wemetation Amalysis environment change
surveys Relief Tdentification
and
Creations
o — il e ,
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Figure 2. (a)SRTAM (BIALOS (c)ASTER (d)RTK

2.1.2. Shuttle Radar Topography Mission (SRTM)
Data

The Shuttle Radar Topography Mission (SRTM),
flown on Space Shuttle Endeavour in 2000 and
was a joint project of the National Aeronautics and
Space Administration (NASA), [11] the National
Geospatial-Intelligence Agency (NGA), and the
German and Italian Space Agencies [12]. The
SRTM 30-meter objective was to acquire a Digital
Elevation Model of all land between latitudes of
60°N and 56°S, about 80% of the Earth’s land surface
The SRTM 30-meter is an improvement to the lower
solution SRTM topographic data having 90-meter (3
arc-seconds). The new data, released in September
2014, increase the detail to 30- meter (1 arc-second),
revealing the full resolution of the world’s landforms
asoriginally measured by SRTM in the year 2000 [13].
According to its mission objectives, SRTM DEMs are
expected to have linear vertical absolute height error
of less than 16m, linear vertical relative height error
of less than 10 m, circular absolute geolocation error
of less than 20 m, and circular relative geolocation
error of less than 15 m [14]. SRTM DEM is mainly
controlled by factors including measuring precision,

timing error, multi-path coefficient, phase measuring
error, and radar thermal noise. The horizontal and
vertical accuracy specifications at 90% circular error
[15]. The DEM extracted from SRTM data can be
used in conjunction with controlled imagery sources
to provide better visualization of the terrain. DEMs
have a key role in improving accuracy in soil and
agricultural characterization [16].

2.1.3. Advanced Spaceborne Thermal
Emission and Reflection Radiometer (ASTER)
Data

ASTER was considered to be the highest
resolution DEM among the free accessible global
DEMs during its release in 2011 [17]. The ASTER
GDEM v2 contains significant improvements of
Version 1 (released in 2009) in terms of spatial
coverage [refined horizontal resolution, [18]
increased horizontal and vertical accuracy, water
masking, and inclusion of new ASTER data to
supplement the voids and artifacts [19]. Although
vastly improved, some artifacts still exist in the
form of abrupt rise (humps/bumps) and fall (pits)
which can produce large elevation errors on the local
scale [20]. Compared to ALOS and SRTM-30m,
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studies assessing the quality and vertical accuracy of
ASTER GDEM V2 are higher[19].

2.1.3. Production of independent Checkpoints
(ground truth) using RTK

If only 28 checkpoints are considered, as
recommended by USGS, the confidence Ievel
value is around 85%. Henceforth, to reach a 95%
confidence level, approximately two hundred (200)
GCPs must be considered. To guarantee the vertical
error assessment constancy, 200 points will be used
for calibration and the other 200 points will be used
for validation in this research. Total of 400 ground-
truthing points over the JINEC boundary including 20
existing GCPs.
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Figure 3 RTK Elevation points
2.2. Method
2.2.1. Correlation analysis Correlation of
coefficient (r)

The correlation coefficient, r is a statistical
measure of the strength of the relationship between
the relative movements of two variables. The values
range between -1.0 and 1.0. A calculated number
is greater than 1.0 or less than -1.0 means that
there was an error in the correlation measurement.
A correlation of -1.0 shows a perfect negative
correlation, while a correlation of 1.0 shows a perfect
positive correlation. A correlation of 0.0 shows no
linear relationship between the movement of the two
variables.

From the total of 400 ground-truthing points, 200
points were used for calibration while another 200
was used for validation.

2.2.2. Error Assessment Root Mean Square Error
(RMSE)

That also measures the average magnitude of
error, which is the square root of the average of
squared differences between an actual observation
(Zi) and prediction (Zi) at N stations. RMSE is the
most frequently used characteristics determining the
degree of accuracy or the measure of conformity
between a set of estimates and actual values. It
expresses the dispersion of frequency distribution of
variances between original(actual) height data and
DEM data.

2(Z:i — Z;)

RMSE = N

(1

Based on Standard Deviation (SD)

Standard deviation (SD) is a statistical measure
of the dispersion of a dataset relative to its mean.
It is calculated as the square root of variance by
determining the variation between each data point
(Zi) relative to the mean (Z-bar), and N is the number
of observations in the sample. It is a measure of how
spread out numbers are. A low standard deviation
indicates that the data points tend to be close to the
mean (also called the expected value) of the set,
while a high standard deviation indicates that the data
points are spread out over a wide range of values.

(2)

Mean Absolute Error (MAE)

In statistics, mean absolute error (MAE) is a
measure of errors between paired observations
expressing the same phenomenon. Examples of Y
versus X include comparisons of predicted versus
observed, subsequent time versus initial time, and
one technique of measurement versus an alternative
technique of measurement.

MAE is calculated as:

X —x) _ Xis1g

n mn

(3)
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Note that alternative formulations may include
relative frequencies as weight factors. The mean
absolute error uses the same scale as the data being
measured. This is known as a scale-dependent
accuracy measure and therefore cannot be used to
make comparisons between series using different
scales. The mean absolute error is a common measure
of forecast error in time series analysis, sometimes
used in confusion with the more standard definition
of mean absolute deviation. The same confusion
exists more generally.

2.2.3. Accuracy assessment Accuracy

Confidence Level, in statistics, refers to the
probability that a population parameter will fall
between two set values for a certain proportion of
times. Confidence intervals measure the degree
of uncertainty or certainty in a sampling method.
A confidence interval can take any number of
probabilities, with the most common being a 95% or
99% confidence level.

Confidence intervals provide more information
than point estimates. By establishing a 95%
confidence interval using the sample’s
and standard deviation, and assuming a normal
distribution as represented by the bell curve, the
researchers arrive at an upper and lower bound that
contains the true mean 95% of the time. Lowest the
value of accuracy obtained using RSME equation
interpret better performance (“math is fun2020).

3. RESULTS

mean

3.1. Correlation analysis

Calibration It has been demonstrated that
DEM accuracy can vary to a certain degree with
different interpolation algorithms and interpolation
parameters. Several interpolation methods existents
in ArcGIS and other mapping software, and the best
and appropriate DEM interpolation must reproduce
as close as possible the terrain shape (Hamied, 2016).
Consequently, the approach of the calibration was
considered in this study to generate the respective
elevation and slope value from DEMs.

From the correlation graph in Fig 4a, we observed
that among three DEMSs, the ALOS elevations
correlate strongly with RTK elevations showing the
highest coefficient of determination (R?) of 0.9513.

According to NDEP (National Digital Elevation
Guidelines) and FEMA guideline, a measure of
accuracy can be computed as follows:

Accuracy=RSME*1.96 4

Accuracy=RSME*2.58 5)
3.2. Nash-Sutcliffe Efficiency (NSE)

Nash-Sutcliffe Efficiency (NSE) is a

normalized statistic that determines the relative
magnitude of the residual variance compared to the
measured data variance can range from -oo to 1. An
efficiency of 1 (NSE = 1) corresponds to a perfect
match of modeled discharge to the observed data. An
efficiency of 0 (NSE = 0) indicates that the model
predictions are as accurate as of the mean of the
observed data, whereas an efficiency less than zero
(NSE < 0) occurs when the observed mean is a better
predictor than the model or, in other words, when the
residual variance (described by the numerator in the
expression above), is larger than the data variance
(described by the denominator).

w2
(v — )
E;tzlcyfobs _ Yimeanjz

NSE=1-— (6)

Where, Y i”obs is the observed data, Y i"sim
is simulated value, Y _i“mean is the mean observed
data, and ‘n’ is the total number of observations.

The second highest ‘R?’ is shown by SRTM with
0.8931 followed by ASTER which has the least ‘R?’
0f 0.6656. These correlations indicate that ALOS has
a strong linear relationship with RTK elevations. The
ALOS and SRTM also prove a strong correlation
because all the points are equally distributed above
and below the line of best fit whereas, ASTER shows
that the majority of cloud points are below the line of
best fit confirming that it’s underestimated elevations
significantly.

From Figure 4b, we also observed that for
the slope, SRTM shows the highest coefficient of
determination (R2 ) of 0.2816 followed by ALOS
and ASTER. which means compared to ALOS
and ASTER, it shows better linearity with RTK
elevations. ALOS shows ‘R?’, 0.196, and ASTER
has the least ‘R*’ of 0.1827 almost equal to ASTER.

In this method of validation, the three different
DEMs were validated with 200 elevation points
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collected using RTK randomly distributed over the
IJNEC.

ground truth (RTK) and they are homologous. More
the points are closer to this hypothetical line (zero
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Figure 6. Absolute elevation difference between RTK and different DEMs

3.2 Absolute Elevation Difference w.r.t RT

Table 2 summarizes the statistics of absolutes
elevation differences (Ah) between the 200
GCPs measured by RTK and their corresponding
homologous elevation points in each considered
DEM. These elevation differences are also illustrated
by the scatter plot in Figure 6. In Figure 6, the “X”
axis of this scatter plot at the coordinate (0, 0),
named also zero error axis, is a hypothetical “ideal”
line which

around it theoretically must gravitate the cloud
points showing the perfect concordance between the

elevation difference) more the accuracy is better and
vice-versa. However, most likely this assumption is
not always validated because the elevation estimation
accuracy is often influenced by the nature of the land
use classes, nature of targets, various terrain slopes,
several terrain morphologies, and several error
sources.

The ALOS elevation points are well distributed
around the “X” axis showing the minimum and
maximum difference variations between -10.758m
and 5.383m respectively with a minimum SD of +
2.803. Although the SRTM shows satisfactory SD (+
3.676), elevation points are very scattered concerning
the hypothetical zero error line between -9.133m and
9.798m; which means a relatively significant error
compared to reference DEM. While the ASTER
altitude difference diverges vastly between -25.748m
and 12.840m with the lowest SD of +8.672.

3.3. Accuracy Ranking of DEMS

DEMs have their characteristics and performance
levels over the different land features. The reliability
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Table 2 Absolute elevation difference

Statistics ALOS ASTER SRTM
Mlinimum -10.758 -25.748 -9.133
MIaximum 5.383 12 840 9798

Mean -0.322 -2.601 0.512

Standard + 2 B03 +B672 + 3 676

deviation

Table 3: Accuracy and error assessment for elevation

Performance indicators RTE SRTM AT.OS ASTER
Correlation (r) 1 0968 0992 0928
Correlation of determination (r"2) 1 0973 0985 0.862
RMSE o 0715 0567 1612
MAE o 0512 0322 2 601
™NSE o 0973 0985 0841
Accuracy (5% significance level) o] 1.402 1.111 3.16
Accuracy (1% significance level) o] 1.845 1.462 4.168
Table 4 Score Board of DEM Datagets for elevations.

Performance indicators
Coeff of 5% 1%
DEM Correlati - . - . Sum Rank
orr( ;1 " determination RMSE MAE NSE significance significance
r
(r*2) level level

AL OS 3 3 3 3 3 3 3 21 1

ASTER 1 1 1 1 1 1 1 7 3

SRTM 2 2 2 2 2 2 2 14 2

of DEMs depends on their purpose of usage and
its application, resulting in varying in its errors.
Therefore, finding a higher accuracy of DEMs can
approach by assigning weight based on DEM’s
performance and effectiveness. For the selection of
best among three different DEMs datasets, relative
weight is assigned to respective preference in each
assessment method, that is performance indicator.
Higher weights are assigned to the most accurate
DEMs having the least errors. Among three DEMs,
a Weight value of 3 is assigned to the most accurate
DEM, weight value 2 was assigned second-most
accurate DEM, and Weight of 1 was assigned to less
accurate concerning each performance indicator. A
higher value of weight indicates higher accuracy of
DEM.

From the table 4, it shows that ALOS gives
accurate result with each performance indicators
and thus it is in rank 1 which means an ALOS is

most accurate followed by SRTM and the ASTER
in the lowest rank. Therefore, ALOS is suitable for
collecting elevation points over a terrain if needed
for many applications of elevation data. It has a
minimum error and the elevations generated from
ALOS are almost equivalent to the RTK elevations
which are very accurate.

ALOS shows the highest performance followed
by SRTM and ASTER. Regarding RTK slope
value, ALOS have the lowest error with the highest
accuracy. The SRTM is in rank 2 followed by ASTER
in rank 3 with the highest error and least accuracy.
a followed by ASTER with the highest RMSE with
the lowest accuracy. The result concludes that, for
generating slope maps and comparing the accuracy
of slope elevations, ALOS is preferable over SRTM
and ASTER.
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4. Conclusion

Digital Elevation Models (DEM), which can
occur in the form of Digital Surface Models (DSM)
or Digital Terrain Models (DTM) are widely used
as important geospatial information sources for
various remote sensing applications, including
the precise orthorectification of high-resolution
satellite images. Digital Elevation Models (DEMs)
are recognized as a core spatial dataset required
for many environmental applications. The three
different DEMs (ALOS, ASTER, and SRTM) of
30m resolutions were extracted from USGS Earth
Explorer. The comparison of vertical accuracy of
these DEMs was done concerning the reference
DEM generated from the points collected using
the RTK. Six different performance indicators
(correlation, correlation of determination, RSME,
MAE, NSE, and Accuracy) were used to rank the
performance and accuracy of each DEM concerning
elevations and slope data. From the elevation data
ALOS illustrates strong correlation (r=0.992) with
RTK elevations with lowest RMSE (0.567) and
MAE (0.322). The SRTM has a strong correlation
(r=0.973) but it has more RSME and MAE values
of 0.715 and 3.556 respectively showing more error
associated with it. The ASTER has high RMSE
and MAE errors of 1.612 and 2.601 respectively
showing the least accuracy and efficiency. Hence, for
extracting elevations of a terrain, SRTM is preferable
over ALOS and ASTER.

Similarly, from the slope data, it was found out
that ALOS performs best over ASTER and SRTM
displaying the lowest RSME (1.190), MAE (1.386),
and highest accuracy with 2.332 of 95% CL. In
addition, ALSO DEM is most efficient with an NSE
of 0.948 compared to the other two DEMs which
conveys that the DEM slope values match almost
perfectly with observed data (RTK slope values).
Hence for comparison of slope data and generating
slope map of the terrain, ALOS is preferable over
ASTER and SRTM because it has a minimum error
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ABSTRACT -
Samdrup Jongkhar does not qualify for the

The average temperature of

average temperature specified to store fruits and
vegetables which compels for the frequent market
scheduling. The location of institute from the
market is 18km which is not a fine distant to carry
out frequent shopping. Storing products for longer
duration without cooling facilities is not possible
too. Therefore, the design of the cold storage
system intends to improve the after-harvest life of
vegetables and fruits, reduce the frequent shopping
and design cheap and simple cold storage unit.
This will help improve the hygiene, nutrition and
provide variety of different fruits and vegetables to
the students.

The main working components of the system are
circulation fan and the sand in the cavity of the
walls. The system works on evaporative cooling
method where the sand in the cavity of walls is kept
wet by pouring water into it from the tank through
Dpipes. As the ambient temperature becomes high,
the water from the wet sand in the cavity evaporates.
As it evaporates, it absorbs certain amounts of heat
firom the walls in contact with the sand making
the internal room relatively cooler in which the
vegetables can be kept.

1. INTRODUCTION

Cold storage is the process storing products
below the ambient temperature of the area. In many
places, cold storage is necessary to stop food and
drinks from being immediately ruined by rising heat
or temperature. Cold storage offers consistency of
storage temperature, the ability to transport goods
over long distances, the ability to enjoy produce
out of season and the ability to store delicate
pharmaceuticals and chemicals at their ideal storage
temperature.

Evaporative cooling is a physical phenomenon in
which the evaporation of liquid into surrounding air
cools a body in contact with it. It cools down a body
with using its heat contain so as to convert liquid into
vapor state. Therefore, evaporative cooling works by
utilizing the natural process of water evaporation,
along with an air moving system, to create an
effective cooling environment.

There are mainly two basic types of evaporative
cooling systems are present namely direct and
indirect evaporative cooling systems. In direct
evaporative cooling system, the air passes straight
across the humidifier into the cooling chamber, while
in an indirect evaporative cooling system the air is
first pre-cooled with heat exchangers before passing
it through the cooling pad or vice versa depending on
the purpose of cooling. Passive evaporative systems
are mostly applicable in the windy environment with
large amount of air moving around and low-pressure
head. This is the oldest method of evaporative cooling
and sometimes referred to as zero energy cooling as
it does not consume any commercial energy.

2. LITERATURE REVIEW

Datta et al (1987) have experimentally studied
an 8.5 ton indirect-direct evaporative cooling system
and reported that such a system provides a relief
cooling rather than comfort cooling. The room could
be maintained at 4-5 °C above the inlet wet bulb
temperature using such a cooler. A facility of using
indirect-direct evaporative cooling for residential
use in arid regions of Israel is attempted by Navon
and Arkin (1994). Such a system is shown to provide
higher level of thermal comfort where external
humidity is around 80 %.

El-Dessouky et al (2000) have developed a
membrane air dryer and coupled with conventional
direct / indirect evaporative cooler. As the membrane
drier, removes the moisture from the incoming
air, the air can be cooled to lower temperature by
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the subsequent evaporative cooler. Using such a
system, reasonable cooling has been obtained. When
such system is combined with Mechanical Vapour
Compression system to achieve to perfect thermal
conditions, about 50 % savings in electricity are
obtained.

Jain (2007) has developed and tested a two-stage
evaporative cooler. Such a cooler could provide
necessary comfort even though outside humidity
is higher. The two-stage cooler is found to provide
20 % better cooling when compared to single stage
cooler. A novel dew point evaporative cooling
system for sensible cooling of ventilation air has
been developed by Riangvilaikul and Kumar (2009)
and tested experimentally. Wet bulb effectiveness of
92-114 % and the dew point effectiveness 58-84 %
are reported. Heidarinejad et al (2010) have tested a
ground assisted hybrid evaporative cooling system
in Tehran. The ground coupled circuit provides
necessary pre-cooling effects. Simulation studies
have shown that such a hybrid system can provide
cooling effectiveness of 100-110 %.

3. PROBLEM STATEMENT

The warmest and coldest months, July and
January, average temperature in Samdrup Jongkhar
ranges 28°C/83.1°F to 16.5°C/61.7°F respectively
according to the climate summary of Samdrup
Jongkhar. The average temperature specified to store
fruits and vegetables is between 10°C to 14°C, due to
the higher average temperature of Samdrup Jongkhar
it makes necessary to install good cold storage
systems. Along with it the market distance is 18km
from the institute which imposes the problem of time
as well as the labor consumption as the shopping
is scheduled twice a week. With the development
of a good cold storage device, we can reduce the
shopping interval which inevitably reduces the
labor force. This helps the concern staff, councilors,
student’s representatives and students involved in
mess related works.

4. WORKING MECHANISM
4.1. Physical principle

Evaporative coolers lower the temperature
of air using the principle of evaporative cooling.
Evaporative cooling is the conversion of liquid
water into vapor using the thermal energy in the

air, resulting in a lower air temperature. The energy
needed to evaporate the water is taken from the
air in the form of sensible heat, which affects the
temperature of the air, and converted into latent heat,
the energy present in the water vapor component of
the air. This conversion of sensible heat to latent heat
is known as an isenthalpic process because it occurs
at a constant enthalpy value. Evaporative cooling
therefore causes a drop in the temperature of air
proportional to the sensible heat drop and an increase
in humidity proportional to the latent heat gain.

4.2. Construction

This cold storage is an average sized house with
the internal volume of 15.625 cubic meter. The house
has two walls with the cavity between them to be
filled by the sand. The roof the house bears the tank
with the volume of 1 cubic meter. The tank is filled
by the water used to soak the sand in the wall cavity.

5. DESIGN ANALYSIS
a) Design of the cold storage

Internal dimension of the cold storage

. Length =2.5m

. Breadth = 2.5m

. Height =2.5m

Therefore, the internal volume of the cold storage
is;

V=Ixbxh=25x25x25=15625m?

. For the calculation of the cavity volume in
the walls Length = 2.5 m; Breadth = 0.1m; Height =
2.5m Therefore, the volume of the cavity is;

V=25x%25x0.1=0.625m"

External dimension of the cold storage

Length = 3.08m; Breadth = 3.08m; Height =
2.5m, therefore, the external volume of the cold
storage is;

V =3.08x3.08x25=23716m?

b) Cooling load calculation

The cooling load is the amount of heat energy that
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would need to be removed from a space (cooling) to 3. Product load-Product respiration

maintain the temperature in an acceptable range. mxkep

0= 2600

1. Transmission load through walls, roof and

floor. Where, Rep =
the respiration heat of the product
UXAX(Ty—T) %24

Q= 1000 We have,

m = 800kg

Where, Q = heat load Rep = 3.9k] kg

U = heat transfer coefficient

A = ureu Therefore,

To = outside temperature 0= 80039

Ti = inside temperature 3600

= 0.87kWh/day

We have, o
U = 0.6W/mK 4. Internal heat load — Lighting and fan
A =37.5m? ) )
T = 28°C Q — Number of appliancexTime xWattage
T? —10°C 1000

We have. Number of appliance = 2

Therefore, Time = 23hours
Q _ 0.6x37.5x(28—10)x24 W - oW
2000 attage =
=9.72 kWh/day Therefore,
_ 2x23AxE9
Q= 1000

2. Product load — Product exchange = 2.714kWh/day

5. Total cooling load

_ MXCp o re ¥ TENLEr—TstOrE ]

¢ 600 We have,
Transmission load = 9.72kWh/'day
Product load = 16.03 kWh/day
Where, () = heat load Internal load = 2.714k'Wh/day
m = total product mass Therefore
Total load = 28.464 kWh/day
mixeure = QU0 Specific heat capacity of mixed produci 6. COST ANALYSIS
Tenter = the entering temperture of the products a) RUM;“E cost
Fan:
Power rating = 50 watt
Tstore = the temperature within the store Running hour = 20 hours a day
Rate = Nu. 3.42 / unit {1 unit= [kWh)
We have, =L %20 = 1 kWh
m = 800kg 1000
Cominenre = 3-79K] fkg®C
Tenter = 28°C
Tstore = 10°C
Therefore,

0= 803, 79x (28— 10)

3600
= 15.16kWh/day
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1kWh x Nu.3.42 = Nu. 342/ day
Light:

Power rating = 9 watt

Running hours = 3 hours a day

Rate = Nu. 3.42 / unit

g
Toop % 2= 0.018kWh

0.018 kWh x Nu.3.42 = Nu.0.06156/
day

Total cost = Nu. 3.42 + Nu. 0.06156 = Nu. 34815/ day

Total cost in a month = Nu.3.4815 % 30 = Nu. 104.445/
month

Total cost in a year = Nuw. 34815 x 365 = Nu. 1270.7475/
year

6. CONCLUSION

There has been the usage and discovery of cold
storage systems since a long time and as it can be
seen that cold storage system has evolved very
with time. In the olden eras, people developed
cold storages with just the simple and materials
which were available around them in their time,
and it included materials like rocks, water, stick,
bamboos in huts and etc. As times changed, many
things were discovered, invented and implemented
on the existing cold storage systems, it included air
conditioners, humidifiers, fans, pumps and so on.
Cold storages systems kept on improving its quality,
working ranges and other aspects as well.

As the cold storage systems kept on improving
and implementing new ideas, its cost and complexity
also increased. It became difficult for the farmers
and common people to afford using the modern
cold storages. Therefore, we have designed our
cold storage system, a zero-energy cool storage, in
such a way that we have reduced the complexity,
number of components relatively reducing the cost
of our project. Unlike other cold storage systems,
our system does not emit and harmful CFCI (chloro-
fluoro-carbon) gases to the environment making
it environment friendly. The cold storage system
we have designed is a simple passive evaporative
cooling system.
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Abstract — Proper waste management is still
a major problem in Bhutan. Increase in the
population and the essence of comfortable living
gave a tremendous growth in the urban areas
resulting in the generation of huge amount of
solid wastes. Improper management has led
to overflowing of waste at public places which
degrades the environmental beauty, invites
scavengers, pollutes air along with spreading of
The standard

method of manually monitoring the waste in the

various health related illnesses.

garbage bin is a complex, cumbersome process and
utilizes more of human effort and time. To improve
waste management, one way is to develop a proper
garbage monitoring system to control overflowing
of waste and to efficiently use time. This project
‘IoT based Garbage Monitoring System’ makes
uses of internet of things technology to monitored
the level of garbage by providing real time
information to the concerned person. The system
is divided into three levels where it is indicated by
green, orange and red for ground, normal and
full level respectively. The system makes use of
Arduino as a microcontroller, ultrasonic sensor
for level detection and Wi-Fi module to send the
data to cloud. A user can access the status of the
dust bin from either webpage, mail or from the
ThingSpeak viewer app. Thus, based on the statues
received necessary actions can be taken. This
optimizes the collection routes unlike the current
existing system reducing human work load. In
addition, the system is also made automated for
the opening and closing of the lid using ultrasonic
sensor and DC motor which make use of timing
belt for opening and closing mechanism.

Keywords—IoT, Arduino, Ultrasonic sensor, Wi-
Fi Module, DC Motor, Power supply.

I INTRODUCTION

Internet of Things/IOT is a networking of
physical object with the use of embedded electronic
sensors and software that allows the devices to
send and receive data from each other. The IOT
performs sensing, gathering of data, storing the data
and processing with the help of physical devices
connected to the internet [14].

In this paper we are going to purpose a system
to collect the garbage in real time using [oT. In the
campus, although the garbage is being handled by
municipal twice a week but the time for checking
the garbage bin by responsible person has become
insufficient because dustbin might get filled at any
time which may or may not require immediate
actions. This makes the system resources expensive
and ineffectual as overflowing and stinking of
dustbin has become more of problem than a solution
[18].

The proposed system will help to monitor the
garbage by sensing the filled level by ultrasonic
sensor. When the garbage level crossed the marked
level, the data is sent to the server through ESP2866
Wi-Fi module for the immediate action. The system
is also equipped with automatic opening of the
lid whenever the ultrasonic sensor senses the
movement of the people coming near the dustbin to
dump the waste with the help of DC motor.

II. RELATED WORKS

The deployment of modern technologies in the
garbage bin is a growing trend. These technologies
would mean automation in particular sense to stop
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the overflow of garbage and to managed at real time.
Many studies are being carried out by researchers to
reduce/stop the overflow of garbage by the use of
various electronic components.

Abdurahman, Aweke, et al. (2018) from Faculty
of Electrical and Computer Engineering, Jimma
University Institute of Technology, Ethiopia [10]
explains the level of the garbage 2 being detected
with the help of ultrasonic sensor and data being sent
to the authorized agency through GSM. The system
used PIR sensor to detect the motion of the people
coming to the garbage bin and speaker to inform
authorized agency about the status of the bin. The
system also developed GUI to monitor the desired
information related to the garbage bins for different
selected locations. Depending on the received
messages through the GSM at control room it is
displayed on LCD and the authorized person inform
the drivers to collect the garbage on time. This paper
also discusses about notifying the people not to drop
the waste outside dustbin by sensing their motion
and If the dustbin is not cleaned in specific time, then
the record is sent to the higher authorized office who
can take appropriate action against the concerned
contractor.

Chaware, Dighi, Akshaya et al, (2017) from
Computer Department, BSCOER, Pune, India has
proposed the system that monitors the garbage bins
and informs about the level of garbage collected in
the bins via a web page where it gives the graphical
view of the bins and highlights the collected garbage
by colors to show the level [11]. The system uses
ultrasonic sensor to detect the garbage level, Arduino
family microcontroller, LCD screen to display the
status of the level, Wi-Fi modem for sending data
and a buzzer. The system is powered by a 12V
transformer. The system puts on the buzzer when the
level garbage collected crosses the set limit.

Pathak, Nalawade, Kaundanya, & Parode, (2018)
International Journal of Innovative Research in
Science Engineering and Technology [13], published
a paper which aims to describe the implementation
of project called Garbage Level Monitoring System
using Raspberry Pi in real time. This system consists
of Raspberry pi, Ultrasonic sensor, ESP 8266 Wi-
Fi Module and Power supply. When the power

supply is given to the main processing unit, it runs
the program and activates Ultrasonic sensor which
will detects the level and the result is provided to the
server. This provides administrator a visual report of
waste level in all the garbage bins where he/she can
take necessary action on that bin whose levels are
above the threshold value.

Sharma, Singha, & Dutta et al, (2015) have
equipped the smart bins with ultrasonic sensor. The
dustbin was divided into three levels of garbage
being collected in it. When garbage crosses a level,
the sensor receives the data and sent to the garbage
analyzer as the instant message using GSM module
[15]. However, it requires a well-structured hardware.
The onetime cost of installation will be higher than
the present technique because GSM provide limited
data rate capability and for higher data rate, advanced
version devices are required.

In the paper “Garbage and street Light
Monitoring System using Internet Of Things” by
Sahu, Akshaya et al, (2016) International Journal
innovative Research in Electrical, Electronic,
Instrumentation and control Engineering [16],
have built a framework in which a camera will be
set at each garbage collection point alongside load
cell at base of the trash can. The camera will take
continuous Snapshot of the garbage can. A threshold
level is set which compares the output of camera
and load sensor. The comparison is done with help
of microcontroller. After analyzing the image and
the load cell, an idea about level and weight of the
garbage are known. Accordingly, information is
Processed i.e. controller checks if the threshold level
is exceeding or not. The method is expensive and
practically not feasible.

With the consideration of all the related works
carried out so far with regard to optimization/
reduction of overflow of garbage, this paper discusses
on the simple technique i.e. deploy low cost, small
size and reliable sensor units to monitor the garbage
level. With reference to all the related works, this
work is the combination and improvement from the
related works carried out by other authors.

II1. PROBLEM STATEMENT

The most concerned factor in present day to
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day life is garbage production which has negative
effect to the environment and improper disposal of
garbage need to be addressed with suitable solution.
Disposing of garbage on already filled dustbin has
become a sort of routine due to growth of populations
and incautious behavior of human beings. This
creates issues to people’s health. Additionally, the
routine check of dust bin is not effective as it is
time consuming because the concern people have
to check and empty the dust bin whether it is filled
or not. Moreover, if the dust bin remains unchecked
for longer duration, overflowing and stinking of dust
bin creates more problem than a solution. Hence, a
proper monitoring system has become mandatory for
an efficient and effective removal of the generated
waste.

IV. METHODOLOGY

Design and
programming

Implementing

Problem Based Identification Feasibilities of 10T Technology

Figure 1: Methodology
V. SYSTEM ARCHITECTURE

The segregation part of the waste should be
done by the users. This proposed system mainly
focused on the monitoring of solid waste. The 10T
Based Garbage Monitoring system is an innovative
system which will help to keep the surrounding clean
and healthy. The IoT enabled garbage bin and the
model designed using Arduino is equipped with
ultrasonic sensor which is placed vertically to detect
the garbage level and compare it with the garbage
depth and send to the controller and controller in
turns communicates with the cloud server through
the Wi-Fi module (ESP8266). The data sent by the
bin is stored in the cloud and shows all dustbins level

on the webpage in the form of graphical view and
it is available for access from anywhere through the
internet. Depending on the program the output will
be generated by LCD screen which shows the status
of garbage level and LED for the indication. Green
light for ground level, orange for 50% and red for
100%. On receiving the notification over the website,
the concerned department can send the respective
team to collect the garbage. In additional, DC motor
will be geared up for lid to be opened automatically
for dumping service.

LED
Ultrasonic Sensor
4-

Concerned people

Figure 2: System Architecture

VI. FLOW CHART FOR AUTOMATIC LID
OPENEING AND CLOSING
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Figure 3: Flow Chart of Automatic Lid
operning and closing
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VII. FLOW CHART FOR LEVEL DETECTION

it

t bigpa L achibinl consd ml i on, 6005 o o, Rid LU0, Ormge LED, Soven LR,
oat vl v s, by duriiend, St

Wiridi Dot
Suaica] = Boadd Do echePint, Eniscil = deiben” WIH 13
lowi_1 panan i 100 11K, el el = 000 - )

™ ™"
vl _gish 3= B o] = 8

beval_ge1 5o IR ovel_tis s

et = L el <= R -

Levat Ful

R LED

Figure 4: Flow Chart of Level Detection
VIII. SIMULATION

The system was simulated using Proteus Design
Suite 8.0 as shown in figure 3 and 4 below for
opening of lid and level detection respectively. It is
quite hard to simulate both the system together as
the system become more complex. Thus, in order
to see the simulation results, potentiometer together
with  the virtual terminal are used to simulate at
instant when the threshold level is reached. Varying
in potentiometer value indicates that the distance
between the dust bin and people is either increasing
or decreasing. Simultaneously, the virtual terminal
helps in serial monitoring.

1. Automatic lid opening and closing

Figure 5: Simulation for Automatic lid opening and closing

2. Level Detection

Figure 6: Simulation for Level Detection
IX. COMPONENT USED
The system uses following components:

Total of three Ultrasonic sensor are used. Two
for the garbage level measurement and one for the
automatic lid opening and closing. Arduino is used
as main controller, Liquid Crystal Display (LCD) for
the percentage indication of garbage level and three
Light Emitting Diode (LED) for the indications.
ESP8266 Wi-Fi module is also used in the system
for the internet connectivity to transfer the data to the
cloud and DC Motor for the automatic lid opening
with the help of timing belt.

X. SYSTEM DESIGN

Figure 7: System Design
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XI. SYSTEM TESTING

Before assembling all the components into one
system, individual components were tested. The
program code was uploaded to the assembled system.

XII. RESULT
a.  Garbage level detection inside the dustbin

Using this project, the garbage level can be
detected on the LCD and notification is been sent
once the threshold level is reached.

b.  The data can be accessed anytime and from
anywhere

The data can be accessed through webpage, email
and also by using the App Called ThingSpeak view.

c.  Automatic opening of lid

The dustbin automatically opens the lid when the
ultrasonic sensor senses the movement of the people
coming near the dustbin.

The graph below depicts the output given by the
Sensor.

52.0

Figure 8: Web view of the person in charge when level is
32%

XIII. FUTURE SCOPE

The project can be extended to detect the wet
waste in the bin by letting the worker know about the
moisture contained in the bin to measure the level of
liquid waste in industries. To get precise information,
system can integrate with GPS module to locate the
targeted garbage bin. It can work with rechargeable
batteries/solar panel to make system more power
reliable. This system can be used in certain area but

as soon as it proves its credibility, it can be used in
all the big area.

XIV. ADVANTAGES

This System will help to monitors the garbage
bins effectively by detecting the garbage level and
compare it with the garbage bins depth. The system
informs about the level of garbage collected in
the garbage bins. Help in optimizing the garbage
management system. It is reliable and one of the
good methods to monitor the garbage.

XV. CONCLUSION

Implementation of [oT based garbage monitoring
system will help to check the level of filled dustbins.
In this system the information of dustbins can
be accessed from webpage, email or through
ThingSpeak viewer app by the user and can take an
immediate action. By implementing this system, the
cost reduction, resource optimization and effective
usage of dustbins can be done. This system will
inform the status of dust bin in real time located
throughout the campus so that the concerned
authority can inform the garbage collection vehicle
only when the dustbin is completely full or is about
to full. Thus, the integrated [oT system is very useful
to remotely monitor the garbage levels in dustbins
which reduces cost and saves time. This system also
reduces human efforts and is user- friendly system.

XVI. RECOMMENDATION

The system is limited with the accuracy of
ultrasonic sensor. We would like to recommend to
the future researchers to opt for better accuracy of the
ultrasonic sensor. This will help in better monitoring
and more advanced knowledge in programming and
sensor as well.
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Abstract—Demand for power is reliably expanding
day by day. The greatest test is to give continuous
and top-notch power to clients in factor conditions
particularly when we interconnect the two areas
utilizing power tie-line. To achieve this, the two
boundaries should consistently be checked for each
condition, these boundaries are Load Distribution
and Load Frequency Control (LFC).The primary
work of the load frequency control is to regulate
the power output of the generator within a specified
area with respect to change in system frequency and
tie-line power, such as to maintain the scheduled
system frequency and power interchange with other
areas in a prescribe limits[1][2]. In this project,
study of LFC system for two areas consisting of
Hydropower Plant and Wind Power Plant are
carried out. The fuzzy gain scheduled proportional-
integral (FGSPI) and fuzzy gain scheduled
(FGSPID)
controllers are designed for load frequency control

proportional  integral  derivative
(LFC) of two-area interconnected power system.
The proposed FGSPI and FGSPID controllers
are compared against conventional proportional-
integral (PI) controller and Proportional integral
derivation (PID) controller with respect to settling
times and peak overshoots of the tie-line power
and frequency deviations as performance indices.
Comparative analysis indicates that the proposed
intelligent controller gives better performance than
conventional controllers. Simulations have been
performed using Simulink toolbox in MATLAB.

Keywords—Iload frequency control, wind power
plant, hydropower plant, two area network, area
control error, PI, PID, fuzzy gain scheduling

1. Introduction

The objective of the load frequency control
(LFC) is to maintain the scheduled frequency
and scheduled tie-line power in a normal mode of
operation, during the small perturbation in operating
conditions. The input mechanical power is used
to control the frequency of the generators and the
change in the frequency and tie-line power are
sensed, which is a measure of the change in rotor
angle. A well-designed power system should be able
to provide the acceptable levels of power quality by
keeping the frequency and voltage magnitude within
tolerable limits [3]. The enormous interconnected
power systems are made out of control areas that
represents to a different unit of generators. The
different areas are interconnected through tie-lines.
The tie-lines are utilized for exchanging the power
between the consecutive two-areas and provides
inter-area support in case of abnormal conditions of
the power system.

Number of conventional controllers like
Proportional(P), Integral(l), Proportional Integral
(PI) and Proportional Integral Derivatives (PID) are
utilized in a control system for controlling frequency
deviation and tie-line power, as these controllers are
simple to implement, easy to understand and have low
cost. Nature of their control technique is dependable
and announced as vigorous for some working
conditions [4]. However, the response of system with
these controllers is slow and poor in comparison to
the intelligent controller. Zadeh presented fuzzy set
hypothesis and the first fuzzy logic control algorithm
was implemented by Mamdani on a steam motor.
The enormous, complex and interconnected power
systems suffer with countless nonlinear properties
subsequently, fuzzy logic controller is one of the
better controllers for the systems [5]. In this paper,
Chhukha Hydro Power Plant and Rubesa Wind
Power Plant are taken as the two-area network for
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frequency and power deviation control. The FGSPI
and FGSPID controllers and conventional controllers
(PIand PID) are used for LFC and they are compared
base on their settling time and peak overshoot.

11. System Modelling

In this paper Hydropower Plant and Wind Power
Plant were taken as Area-1 and Area-2 respectively.
Area-1 consist of four units and Area-2 with two
unit. The system model consists of hydro-governor,
wind turbine, hydro turbine and generators of both
wind and hydro power plant and each component is
represented in transfer function. The speed regulation
constant and frequency bias factor are the feedback
to the system. The frequency deviation Afl is for
Area-1 and Af2 for Area-2. APL1 and APL2 are
the power demand increment for Area-land Area-2
respectively and it is given in step load form. They
Area-1 and Area-2 are interconnected by the tie line
power. The area control error (ACE) for the two areca
is given to the two controllers [19]. ACE is given in
the equation (1).

ACE|= Z;[:lﬂprie,ij + B; Af; (1)

Where, Bi = D; + I/R; (2)

Where:

ACE;= area control etror of the i area

Af; = frequency error of i area

APy, = tie-line power flow error between ig and j area
B; = frequency bias coefficient of s area

Figure 1. Two area mmulti-unit Hydro and Wind power system

I11. Controllers
In this study, PI, PID, FGSPI and FGSPID

controllers are used to control the load frequency
and tie-line power of the two-area network. The
conventional controller PI and PID are compared
with the proposed hybrid FGSPI and FGSPID
controllers.

A. PI Controller

The proportional integral controller produces an
output, which is the combination of outputs of the
proportional and integral controllers. PI controller
will eliminate forced oscillations and steady state
error resulting in operation of on-off controller. PI
controllers are very often used in industry, especially
when speed of the response is not an issue [23].

The value of the controller output u(t) is fed
into the system as the manipulated variable input.
Output power equals to the sum of proportion and
integration coefficients[24].

u(t) = Kpe(t) + K; [ e(t)dt 3)

Apply Laplace transform on both sides
K
U(s) = (Kp +E(S)

U(s)/E(s) = Kp +-15

()
®)

Therefore, the transfer function of proportional
integral controller is KP+KIs.

The block diagram of the unity negative
feedback closed loop control system along with the
proportional integral controller is shown in the figure
2.

Riz) E(s) K uis) C(s)
Kp+= " G(s) .

Figure 2. Schematic diagram of PI controller

The proportional integral controller is used to
decrease the steady state error without affecting the
stability of the control system.

B. PID Controller

The PID algorithm is most commonly used
feedback controller. It is a robust easily understood
algorithm that can provide excellent -control
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performance despite the varied dynamic characteristic
of process. As the name suggest, the PID consist of
three basic modes namely the proportional, integral
and derivatives mode. When utilizing the PID
algorithm it is necessary to decide which mode to
be used (P, I & D) and then specify the parameter
for each mode used. Generally, three basic algorithm
P, PI and PID are used to automatically adjust some
variables to hold a measurement to a desired variable
[25][26].

R(S) .

E@E) us) | ¥(s)

- K .
Kp + ?+ Kp5

r

Plant

PID Controller

Figure 3. Schematic diagram of PID controller

The output of PID controller in time domain

u(t) = Kpe(t) + K, [ e(t)dt + Kd d/dte(t)

Taking the Laplace on both the side:

U(s) = (Kp + 2+ KpSE(S)  (©)
U(s) K

Be — (Kep + < 1+ KpS) (7
U(s) _ KpS2+KpS+K; ®

E(s) [5

Whereas, E(s) and U(s) are the input and
output of the plant respectively.

a. Ziegler-Nichol’s Tuning Method

Ziegler and Nichols created two strategies for
controller tuning during the 1940s. The idea was to
tune the controller dependent on the following idea:
Make a simple experiment, extract some features of
process dynamics from the experimental data, and
determine controller parameters from the features
[27][28][29]. The following processes are followed:

* Increase the gain until the loop starts oscillating.
Note that linear oscillation is required and that it
should be detected at the controller output.

* Record the controller critical gain Kp = Kc and
the oscillation period of the controller output, Pc.

* Adjust the controller parameters according to
Table given below.

TABLE I: ZIEGLER-NICHOLS TUNING
RULE BASED ON CRITICAL GAIN K¢ AND
CRITICAL PERIOD Pc

Kp Ti Td
P Controller 03Ke |« 0
PI Controller 045Ke | Po/l2 0
PID Controller 06Ke | 0.3Pc Pot

Simultaneously, the value of Ki and Kd can be
calculated using the following formula:
K= Kp"Ti
K.j= Kp* Tﬂ

(%)
(10)

Whereas, Ti and Td are the Integral time and
Derivative time respectively.

C. Fuzzy Gain schedule PI and PID cotrollers

Gain scheduling is the common techniques use
in the system whose dynamic changes non-linearly
with operation conditions. Here, the fuzzy logic
set supervise and modifies the operations, i.e.,
gain scheduling of the conventional controllers.
FGSPI and FGSPID controllers are designed and
used to control the frequency deviation of two area
network[30]. The design of FGSPI and FGSPID
controllers can be divided into three parts:

» The allocation of the proper inputs

e The determination of the rules associated with
inputs

* The defuzzification of the output

a. Fuzzification

In this process the precise numerical values
obtained by measurement are converted to
membership values of the various linguistics. For
this controller the two inputs are the Area control
Error (ACE) and the change in error [ d/dt (ACE)]
[31].
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Figure 3. Schematic diagram showing the working
processes of FGSPI and FGSPID Controller

b. Fuzzy Rule Base

For the proposed controller, the Mamdani
method was selected and realized by five triangular
membership functions for each of the three linguistic
variables (ACE d/dt(ACE), K) with suitable choice
of' intervals of the membership functions, where ACE
and d/dt(ACE) act as the inputs of the controller and
K is the output of the controller. In table IT below, NB,
NS, Z, PS, PB represent negative big, negative small,
zero, positive small, and positive big respectively.
The rule base has been formed in such a manner.
For example; If ACE is NB and d(ACE)/dt is NB
then the controller action is PB [33]. The appropriate
rules used in the study are given in table II.

TABLE II: FUZZY LOGIC RULE FOR FGSPI

AND FGSPID CONTROLLER
ACE

NE (NS [Z P PB

NE | B FB |[FB FB zZ

d/dt(ACE) N5 | B FB | PS Z Z
Z P F§ Z NS NS
Ps Z Z N8 [ Z NB
PE |2 NS |[NB [NBE |NB

¢. Defuzzification

The transformation of a fuzzy set into a numeric
value is called defuzzification. Before feeding the
data to the system it is very much important to do
the defuzzification of the fuzzy set. The data needs to
converted into the numerical value from membership
function before feeding to the system[35]. The output
from the fuzzy logic controller is use to schedule the
gain of PI and PID controller.

(2)

NB NS z Ps PB
(b)
NEB NS z Ps PB
(©
NE NS F4 Fs FB

Figure 4. Membership Function for FGSPI and
FGSPID Controller of (a) ACE, (b) AACE and (c)
output

IV. SINULATION RESULT AND DISCUSSION

The load frequency control of two area network
was carried out using different controllers. The step
load disturbance of 0.1 p.u. was applied in area-1 and
the deviations in frequency and tie-line power flows
were investigated. The conventional controllers like
PI and PID controllers are used. The conventional
controllers are compared with the proposed hybrid-
type controllers like FGSPI and FGSPID controllers.
The simulation of the two-area model with different
controllers was carried out using the simulation
toolbox in MATLAB. The simulated results were
compared on the peak overshoot and the settling
time of the output frequency.
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Figure 5. Simulated result with PI controller

Figure 6. Simulated result with PID controller

Figure 7. Simulated result with FGSPI

controller
Figure 8. Simulated result with FGSPID
controller

The quantitative comparative analysis of the
results with respect to frequency and tie-line power
deviations for different controllers are given in Table
III. The performance indices used are peak overshoot
and settling time. As it is clear from Table III, that
the response with FGSPID controller is the best
among all the controllers, because the values of peak
overshoot and the settling time are minimum in case
of FGSPID controller.

TABLE III: COMPARATIVE ANALYSIS OF
RESULTS

Controllers Areas Peak Settling Time
Overshoot (Sec)
(pa)
Arez-1 0.58 115
PI Controller Area-] 033 100
Tie-lie power 0.15 30
Arez-1 040 110
PID Controller Area-] 0.26 40
Tie-lie power 0.12 20
Ares-l 0.08 18
FGSPI Area-] 0.10 bl
Controller Tie-lie power 0.09 12
Ares-l 0.07 10
FGSPID Area-] 0.09 12
Controller Tie-lie power 008 113
V. CONCLUSUON

In this research project, the conventional
controllers (PI and PID) and propose hybrid types
controllers (FGSPI and FGSPID) approach are
employed for load frequency control of an inter-
connected power involving Chhukha
Hydropower plant and Rubesa Wind power plant. The
system was simulated using the Simulink toolbox in
MATLAB. The proposed hybrid types of controllers
like FGSPI and FGSPID are reported as with better
performance (dynamic response improvement) in
comparison to conventional controllers like PI and
PID controllers. The system response is compared
in terms of the peak overshoot (p.u) value and the
settling time (sec). The proposed controllers are not
only simple in design but also easy to implement.
Moreover, on-line adaptation of supplementary
controller gain makes the proposed controllers
more effective and it is expected that the controller
will perform effectively under different operating
conditions. Simulation results obtained demonstrate

system
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the usefulness of the proposed controllers. Taking
PI and FGSPID controllers into consideration the
peak overshoot in Area-1, Area-2 and tie-line power
was reduced by 87%, 74% and 46% respectively.
Similarly, the settling time in Area-1, Area-2 and tie-
line power was reduced by 91.3%, 88% and 61.6%
respectively. From the research that has been carried
out it is possible to conclude that the proposed hybrid
type FGSPID controller had a faster respond to the
system feedback error and it can be implemented to
the system where a fast respond is required.
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Abstract—This paper intends to carry out the
load flow analysis of the eastern grid of Bhutan
in MATLAB using the PSAT toolbox. Some of the
FACTS devices are implemented in the eastern grid
after performing the initial load flow without their
implementation. The improvement in performance
capability of the eastern grid were determined after
the implementation of the various FACTS devices.

Keywords—FACTS Devices, Load Flow, Newton
Raphson, Optimal Placement, STATCOM, SVC,
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1. INTRODUCTION

With power demand increasing rapidly at the
rate of 8% per annum, Bhutan Power system is
becoming complex resulting in more contingences.
It is expected to further increase the network after
completing the on-going and upcoming transmission
and hydro power projects. This has put vigilance on
the capacity of the existing power system network
and the provision of future expansion across the
country and to India.[1]

With Power System network becoming
bulkier and complex, Power system of Bhutan is
facing a problem of the peak and complex power
management. In order to reduce instability, losses
and complexity of the system, the system requires
power handling capabilities of the transmission lines
at any conditions. Such conditions give rise to what
is called Flexible Alternating Current Transmission
System (FACTS) devices and why to go for it.
FACTS devices are mainly used to increase Power
transfer Capability, control and provide stability to
the power system.

Among different types of FACTS devices, the
3rd generation FACTS, which is the combination of
STATCOM and SSSC called Unified Power Flow

Controller (UPFC) is considered as a comprehensive
multivariable FACTS controller because it can
individually or sequentially control all power
system parameters, including voltage amplitude,
line impedance and phase angle. It can also provide
control of both active and reactive power in the
transmission line.[2]

1. DIFFERENT
IMPLEMENTED

TYPES OF FACTS

A. Static Var Compensator (SVC)

Figure 1 shows that the transmission line voltage
is flowing through the step-down transformer which
is connected to the Thyristor Switch Capacitor (TCS)
and Thyristor Control Reactor (TCR). Number of
thyristors are connected in anti-parallel to each
other in both TCS and TCR. The gating is control
by controller which has the input parameter setting.
By changing the thyristor conduction angle, it can
control the compensator control voltage (i.e., voltage
coming from potential transformer which has a fixed
voltage). So, by changing the conduction angle of
the thyristor, it can crack the compensative action
as the compensator for capacitor compensator and
induction compensator. [3]
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Figure 1. Schematic Diagram of SVC
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B. STATCOM (Static Synchronous Compensator)

STATCOM stands for static synchronous
compensator or condensers. It may be the source of
reactive power or sink of reactive AC power. It can
also provide active power when connected to source
of power. It is a shunt device which uses power
electronic devices like GTO, IGCT, MCT or IGBT
etc.

STATCOM is usually installed to improve the
power factor and to improve voltage regulation.
It is a voltage source converter (VSC). Basically,
STATCOM consist of coupling transformer, power
converter, reactors and controllers etc. It has lead-lag
capability and has no moving parts. [4]
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Figure 2. Schematic diagram of STATCOM

C. Static Synchronous Series Compensator (SSSC)

SSSC operates like series capacitor and series
inductor. It works like the STATCOM but the
STATCOM is connected in parallel and SSSC
is connected in series so it is also called series
STATCOM. If we use SSSC for transferring active
and reactive power then large energy source is
required for SSSC, so it is costly. Smaller supply
source is useful for providing only reactive power.
It provides fast control and is useful for power factor
correction. It also reduces harmonic distortion by
active filtering. It works on the principal that it can
injects the voltage in series with the transmission
line and control the impedance.

Figure 3. Schematic diagram SSSC

D. Unified Power Flow Controller (UPFC)

UPFC is the combination of STATCOM and
SSSC which provides the greater flexibility of
operation. UPFC is the most flexible and complex
form of FACTS devices containing both the
features of STATCOM and SSSC. UPFC is the third
generation of FACTS and is more comprehensive
FACTS devices in power system. In steady state, it
can regulate the power flow by controlling line active
and reactive power, improving the transmission
capacity. In transient state, it can realize the fast-
acting reactive power compensation, improving
the system voltage stability. It can also improve
power angle stability and damping of the system. In
general, it regulates reactance in the line, phase angle
and voltage.[2]
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III. CLASSIFICATION OF BUSES

In a power system, each bus is associated with
the following quantities;

1. Voltage Magnitude [V|.
2. Phase Angle .

3. Real power .

4.  Reactive powers .

Forload flow studies, two out ofthese are specified
and remaining two are required to be determined
through the solution of equation. Depending on the
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quantities that have been specified, the buses are
classified into three categories as shown in table 1.

(3]

Table 1. Classification of Buses

Type of Specified Unspecified Number of
Bus Quantities Quantities Buses
Slack Bus V,| and &, P, and Q, Only one
PV Bus P, and |V, Q, and &, 15%
({Generator
Bus)
PQ Bus P, and Q, [V;| and &, 85%
(Load Bus)
IV. LOAD FLOW METHOD

From various types of load flow methods,
Newton Raphson was selected and the algorithm is
as in figure 5. [5]
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Figure 5. Load Flow Algorithm

V. MODELLING OF EASTERN GRID

Modelling of eastern grid of Bhutan was done
without any FACTS devices initially and later on
different types of FACTS devices were implemented
to check the performance of each FACTS devices
and to determine the improvement in voltage profile
and compensation in power.

A. Without FACTS device

Figure 6 shows the model of 132kV buses of
eastern grid of Bhutan without any FACTS devices.

o

Figure 6. Eastern grid of Bhutan
B. Incorporating STATCOM

The following model is with the implementation
of STATCOM in the eastern grid to check the
performance of STATCOM.

Figure 7. Eastern grid incorporating SVC
C. Incorporating SVC

The following model is after implementing SVC
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in the eastern grid. The improvement in voltage and
compensation of power will be discussed towards
the end.

“>+>

Figure 8. Eastern grid incorporating SVC
D. Incorporating UPFC

Figure 9 shows the model of 132kV buses of
eastern grid after UPFC is implemented in the grid
to improve voltage profile and compensate power
losses.
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Figure 9. Eastern grid incorporating UPFC
E. Modelling of whole eastern grid

Figure 10 shows the model of the whole eastern
grid considering 11kV, 33kV, 66kV and 132kV. In
this model, FACTS devices are not implemented.

F. UPFC implemented in the whole grid

Figure 11 shows the whole eastern grid after
implementing UPFC.

Figure 10. Model of whole eastern grid without
FACTS

Figure 11. Model of whole eastern grid with
UPFC

VI. RESULTS AND DISCUSSIONS
A. Model data validation with BPSO

Figure 12 shows the comparison waveform
of voltage profile that was determined from the
modelling for this research and that voltage profile
of BPSO.
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Figure 11. Voltage profile comparison with
BPSO
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B. Voltage profile comparison of 132kV buses

Figure 12 shows the voltage profile comparison
of the above model that were done with and without
implementation of the FACTS devices. As the model
is not clear the enlarged model will be attached on
the appendix section.
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Figure 12. Voltage profile comparison of 132kV
buses

C. Comparison of Real Power loss

Figure 13 shows the waveform of real power loss
comparison in absence of UPFC and in presence
of UPFC. It is clearly seen that there is at least
compensation of IMW
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Figure 13. Real Power Loss
D. Comparison of Reactive Power loss

Figure 14 shows the waveform of reactive power
loss in the eastern grid after implementing UPFC and
before implementing UPFC.
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VII. CONCLUSION
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MATLAB PSAT) from the data acquired from
BPSO for the year 2016-2019 and tested in eastern
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incorporating UPFC in eastern grid of Bhutan, the
grid becomes more stable with maximum utilization
of the line (increase in real power and reduce in
losses).
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This is the voltage comparison waveform of 132kV buses of the eastern grid after implementing

various FACTS devices.
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