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Abstract
Government of Nepal has agreed with India on energy banking with aim to enhance the
energy security of respective national grids. The general concept of this banking is that the
surplus energy available in Nepal during the wet months is absorbed by the power system of
India and Nepal will retrieve the much needed banked energy during dry months. However,
major challenge to quantify the energy being transacted and bring this into feat is, the hydro
generation projects being not completed in scheduled time and uncertainties in the domestic
consumption. Even the authentic reports from different governmental agencies contradict
each other in estimating future internal electrical energy consumption pattern. The lack of
rigid national grid-supply is a key constraint to enhance the domestic demand and seems to be
the crucial factor for import/export location & respective line power flow selection. This paper
illustrates the prospective scenario analysis for monthly surplus – deficit energy during the
period of fiscal year 2077∕78 BS to 2084∕85 BS from Nepalese prospective. The scenarios
viz. commissioning of upcoming generating projects in accordance to Power Purchase
Agreement (PPA) concluded date as well as with trending delays are taken into account. The
consumption sector with normal energy growth and with intervention like heavy penetration
of electric vehicle and electric induction cooking, are considered during the analysis. The
modeling of planned INPS and simulation is performed in ETAP. The cross – border transmission line flows and avenues as well as operating behavior of planned INPS are also analyzed.

©JIEE Thapathali Campus, IOE, TU. All rights reserved

1. Introduction
Energy banking is accompanied by bidirectional flow
of energy within two or more synchronized power system with surplus and deficiencies of energy in different
points of time. Nepal, which faced acute energy crisis
till 2074 BS (2016 AD), has recently become an almost
load shedding free nation with import of energy from
India mainly in dry season. Still the deficiency in diversity in both electricity generation and consumption are
emerging as a major challenge in national energy market.
The actual demand is lagging far behind the forecast
and dominated by residential consumption. The upcoming generations are mainly with Run of River (ROR)
hydropower along with huge seasonal variation. Since
all the upcoming generations from Independent Power
Producers (IPP) are round the clock take or pay basis,
∗ Corresponding

author:

bijay.puri48@gmail.com (B. Puri)
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lacking in demand/supply diversity is a big challenge to
the Nepal electricity authority in coming years. Even
the authentic reports from different governmental agencies contradict each other in estimating future internal
electrical energy consumption pattern. The uncertainties in demand have been realized as a barrier for both
consumption growth as well as large hydropower project
implementation.
The large industries are not coming up being scared of
energy security and FDI for large storage type generation are not being attractive with thinking of absence of
abundant energy market.
On the other hand, India is moving towards with its
ambitious plan to reach 100 GW solar and 75 GW wind
energy by 2022∕23 AD and bring the share of renewable
energy installed capacity to 55% by 2030 AD. Heavy
penetration of intermittent energy source of electricity
will lead to operate the thermal power plant at reduced
plant capacity factor. In summer (May to August), InPage 1
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Table 1: Average Annual Electrical Energy Growth Rate of Nepal given by Different Agencies
Agencies
WECS [6]
IBN [7]
NEA [8]
ADB [9]

Average Annual Electrical Energy Growth Rate
11.3%
9.1%
(for year 2025 AD)
(for year 2030 AD)
10.52%
9.16%
(from 2020 AD to 2025 AD) (from 2025 AD to 2030 AD)
8.1% (from fiscal year 2013/14 to 2033/34)
5.4% (from 2015 AD to 2035 AD)

dia peak power surges by about 20 GW from 8 pm till
midnight. This can be viewed as an additional power
demand occurring just for 4 hours and continue in 4
months only [1]. Combined effect is caused to create a
situation for increased peaking price of electricity which
is already almost 3 times the normal price in free energy
market. India has options, either to meet these demands
with coal based plant known as base load plant running
as peak load plant with increased operational cost or
fulfilling this by import. Energy banking is therefore
thought to be an effective solution to facilitate the hydro
power promotion for Nepal and optimum solution to
cater India’s summer peak demand and effect of intermittency in supply.
Some studies have been done in the electricity sector of
this region. The optimal electricity sector development
pathway of Nepal was assessed under various electricity
demand and policy scenarios [2] whereas low carbon
development of electricity sector for BBIN sub-region
is assessed also [3]. The energy sector of the sub-region
is reviewed as well [4].
Even saying that, quantifying the amount of monthly /
annual energy exchange for future is still a tight spot.
Recently published white paper by Ministry of Energy,
Water Resources and Irrigation has planned 10000 MW
electricity generation for internal consumption by year
2085 BS (2028 AD) [5]. However, Nepal hydro power
installed capacity is not seen to meet the exact target,
despite in last few years, its pace has improved remarkably. Also, severe inconsistency is seen for the domestic
demand forecast by different recognized agencies. A
few of them are summarized in Table 1.
In this study, an attempt has been made to explore the
surplus/deficit energy for the period from current fiscal
year (2077∕78) to 2084∕85 from Nepalese perspective.
Several possible generation/consumption scenarios have
been considered into account. Furthermore, the adequacies of INPS and associated cross border transmission
lines have been examined. INPS has been modelled for
simulation purpose on Zone-wise basis in accordance
with Transmission System Development Plan of Nepal
[10].
B. Puri et al. / JIEE 2021, Vol. 4, Issue 1.

2. Methodology
The historical trend for monthly energy generations from
major existing Run of River (RoR) & storage type hydropower projects of NEA and IPPs for fiscal years in between 066/67 to 075/76 have been studied. The monthly
energy generations of upcoming projects are then calculated. Following three scenarios for the upcoming
generations have been considered in the study;
Normal

: commissioning of upcoming projects in
accordance to Power Purchase Agreement
(PPA) concluded date

Likely

: commissioning of upcoming projects with
one-year delay for projects coming under
Independent Power Producers (IPPs)

Most likely : additional three years’ delay in projects
coming under Nepal Electricity Authority (NEA) and its sister organization in
addition to second scenario
The expected monthly domestic energy consumption is
estimated for following five scenarios;
i Normal scenario: Constant per annum energy
consumption growth
ii Most likely energy consumption: categorized
growth for domestic, commercial, industrial and
other categories as per the NEA past consumption
trend
iii Intervention with induction Chulo
iv Intervention of Electric Vehicle
v Combined intervention of both Induction Chulo
& Electric Vehicle
The mismatch between expected generation and
consumption are expressed in terms of expected
monthly surplus and deficit energy and S-D ratio. The
overall methodology implemented for this study is
presented in Fig. 1

Page 2
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3.2. Expected monthly energy generation
(Emeg)

Computation of Weighted Average Monthly Plant Capacity Factor
(WAMPCF) for NEA Operated RoR,
IPP Operated RoR & Storage Projects

The plant wise expected monthly energy generation for
existing and upcoming generations is calculated using
Eq.2.
Emeg

Estimation of Expected Monthly Energy
Generation and expected Monthly Energy Consumption for foreseen scenarios

=

Pic × Wampcf × T

(2)

Where,
T

: hours in a month

3.3. Expected monthly energy consumption
(Mec)
3.3.1. Mec calculation in normal scenario
The expected monthly energy consumption for Normal
scenario is calculated using Eq.3.

Computation of monthly Surplus – Deficit
Energy & S – D ratio for projected periods

Mec𝑖

Mec𝑏𝑎𝑠𝑒 : Monthly Energy Consumption of a particular month of base year

Figure 1: Methodology of Study

3. Mathematical formulation
3.1. Wampcf
Weighted average monthly plant capacity factor for existing hydropower plants are computed by Eq. 1.

Wampcf =

𝑛
∑

: Monthly Energy Consumption of same
month after 𝑖𝑡ℎ year from base year

r

: Monthly Energy Consumption growth rate
per annum

3.3.2. Mec calculation in growth with
categorization of consumption
scenario
The expected monthly energy consumption for this scenario calculated using Eq.4.

Pic𝑖

= Mec𝑖,𝑑 + Mec𝑖,𝑐 + Mec𝑖,𝑖
+ Mec𝑖,𝑜

(1)

𝑖=1

(4)

Where,
i,d : domestic
i,c : commercial

Where,
Pic𝑖

Mec𝑖

Mec𝑖

Pic𝑖 × Ampcf𝑖

𝑖=1

(3)

Where,

Modeling of Planned INPS for most likely
generation scenario in ETAP and simulation for maximum import, maximum
export and intermediate imports and export

𝑛
∑

)
(
𝑟 𝑖
Mec𝑏𝑎𝑠𝑒 × 1 +
100

=

: Plant Installed Capacity of 𝑖𝑡ℎ Project

Ampcf𝑖 : Average Monthly Plant Capacity Factor of
same project for a particular month
Wampcf : Weightage average monthly plant capacity
factor for a group of projects for a particular
month

i,i : industrial
i,o : other

3.3.3. Mec calculation in intervention with
induction chulo scenario
Mec𝑖𝑐 = Noh × Phpdec × 30

(5)

Where,
ic
B. Puri et al. / JIEE 2021, Vol. 4, Issue 1.

: induction chulo
Page 3
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Noh

: Number of household

TESEOY : Total expected surplus energy over a year

Phpdec : Per house per day energy consumption

TEDEOY : Total expected defecit energy over a year
This S/D – ratio can be interpreted as,

3.3.4. Mec calculation in intervention with
electric vehicle scenario

S/D – ratio = 0

There is deficit of energy (MWh)
in each month of a year

∞

There is surplus of energy (MWh)
in each month of a year

1

Total Expected Surplus energy
(MWh) and total Expected Deficit
energy (MWh) are equal over a
year

Mec ev type = Number of electric vehicle type at start
of each month of a fiscal year × N ×
Energy consumption in One Charging

>1

Total Expected Surplus energy
(MWh) exceeds total Expected
Deficit energy (MWh) over a year

Number of charging per month (N) is estimated using
Eq. 7.
AMKR
(7)
𝑁 =
KRVTOC

<1

Total Expected Deficit energy
(MWh) exceeds total Expected
Surplus energy (MWh) over a year

Mec𝑒𝑣 = Mec𝑒𝑏𝑘 + Mec𝑒𝑐𝑗𝑣 + Mec𝑒𝑏

(6)

Where,
ev

: electric vehicle

ebk

: electric bike

ecjv : electric car, jeep, van
eb

: electric bus

4. System modeling & simulations

Where,
AMKR

: Average Monthly Kilometer Run

KRVTOC : Kilometer Run by Vehicle Type in one
Charging

3.3.5. Mec calculation in combined intervention
with induction chulo & electric vehicle
scenario
The additional expected monthly energy consumption
due to intervention with Induction chulo is calculated
using Eq.8
Mec𝑐

=

Mec𝑖𝑐 + Mec𝑒𝑣

(8)

Where,
c

: combined

ic : induction chulo
ev : electric vehicle

3.4. Surplus–deficit (S–D) ratio
This ratio has been defined as an indicative of dominance of surplus or deficit of energy over a fiscal year.
The S/D – ratio is formulated as:
𝑆∕𝐷 − 𝑟𝑎𝑡𝑖𝑜

=

TESEOY (𝑀𝑊 ℎ𝑟)
TEDEOY (𝑀𝑊 ℎ𝑟)

Where,
B. Puri et al. / JIEE 2021, Vol. 4, Issue 1.

(9)

The expected energy consumption growth for the anticipated five consumption scenarios have been considers
as follows:
i Constant annual growth rate of 8% [8]
ii Categorized annual growth rates for Domestic,
Commercial, Industrial and others consumer as
12.85%, 16.26%, 20.64% and 17.23% respectively
[11]
iii The intervention of Induction Chulo is considered
as additional 10% of total households each year
with daily energy consumption of an Induction
Chulo is considered 4 kWh per day [12].
iv The monthly electrical energy consumption of
electric bike, car/Jeep/Van and Buses are incorporated as 67.5, 200 and 5514 kWh respectively
[13, 14, 15, 16, 17, 18, 19]. Intervention of additional Electric Vehicle are anticipated as an integer multiple of 10% of average yearly new sales
resulting to reach up to 55% of total these categories to be electrical in coming ten years.
v Combined intervention of aforementioned Induction Chulo and Electric Vehicle at once
The planned INPS, for most likely generation scenario,
has been modeled in ETAP with incorporation of Zone
modeling in accordance with Transmission System Development Plan of Nepal [10]. PPA concluded projects
Page 4
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till date are connected to the respective buses near the
project location for power evacuation in corresponding
zones.
As a sample, the Zone – 1 modeling is presented here.
Zone – 1 includes upcoming hydropower and transmission projects in different regions of Province – 7 and
some regions of Province – 6 of Nepal. Table 2 shows
upcoming hydropower projects with corresponding capacity and connected bus for respective projects.

Zone 2 : 15.15 MW
Zone 3 : 1244.48 MW
Zone 4 : 2369.901 MW
Zone 5 : 631.762 MW

The general block diagram representation for INPS modeling is depicted in Fig. 2.

Table 2: Hydropower Projects and Buses in Zone – 1
S.N.

Hydropower Projects

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.

Chameliya
Upper Chameliya
Makarigad
Upper Naugadh Gad
Api
Sunigad
Kalangad
Upper Sanigad
Upper Kalangagad
Salubyani Gad Small
Jeuligad Small
Jadari Gad Small
Upper Gaddigad

14.
15.

Ruru Banchu-1
Ruru Banchu
Khola - 2

Connected
Bus
Balance Hub
(132 kV)

Upper
Kalangagad
Hub
(132 kV)
West Seti
(132 kV)
Phukot
(400 kV)

Capacity
(MW)
30
40
10
8
8.5
11.05
15.33
10.7
38.46
0.233
0.996
1
1.55
13.5
12

Similarly, the transmission line coming under operation
by 2025 AD in Zone – 1 is listed in Table 3.
Table 3: Transmission Projects in Zone – 1
S.N.

Transmission
Project

1.

Dododhara –
Phukot
Balanch
– Upper
Kalangagad
Upper
Kalangagad
– West seti

2.
3.

Voltage
Level
(kV)
400

Conductor

Length
(Km)
80

132

Quad
Moose
Bison

132

Bison

64

54

Similar to Zone 1, other zones viz. zone – 2, 3, 4 and
5 are also modeled. The zone wise installed capacity
of generation projects based on most likely generation
scenario for fiscal year 084∕85 are considered as follows:
Zone 1 : 201.319 MW
B. Puri et al. / JIEE 2021, Vol. 4, Issue 1.

Figure 2: Block diagram of planned INPS

5. Results & discussions
5.1. Monthly generation trends
Fig. 3 depicts the Weighted average monthly plant capacity factor for NEA operated RoR, IPP operated RoR
and Storage projects from the historical trend of generation data in between fiscal years 066∕67 and 075∕76. It
has been observed that monthly Wampcf for NEA Operated RoR projects vary in the range of 0.8273 (Ashad)
and 0.3963 (Falgun). The same for IPP Operated RoR
projects vary in the range of 0.9236 (for Ashoj) and
0.3905 (Falgun).

5.2. Upcoming generation computation
validation
The Wampcf results presented in A have been used to
compute the generation scenario for each month of year
2076 BS. Based on this, the percentage variation in
required computed monthly import and actual import
for the year is presented in Fig.4. It can be observed
that the variation error is as minimum of 0.34% (Magh)
to a maximum up to 14.89% (Shrawan). The possible
reason for relatively wider variation especially during
Page 5
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Figure 3: Wampcf vs Months of BS calendar of a fiscal
year

(a) For fiscal year 078/79

wet months may be due to additional import to meet
system peak where as some spill energy during midnights.

(b) For fiscal year 080/81

Figure 4: Percentage variation in monthly import
(PVMI) in months of year 2076 BS

5.3. Expected monthly surplus & deficit
energy
Fig. 5 depicts the expected net annual energy surplus
and deficit for three fiscal years during the study period.
It is to be noted that fiscal year 078∕79 will have annual surplus in each of the scenario. In terms of energy,
there will be largest surplus energy as 54% of generation energy (21487.96 GWh)for combination of normal
generation scenario and constant per annum growth in
energy consumption scenario. Similarly, lowest surplus
energy as 12.2% of generation energy is observed in
Shift IPP & NEA Plants scenario of generation and
combined intervention scenario of consumption. Fiscal
year 080∕81 is expected to follow similar surplus energy trend with relatively higher percentage of energy
surplus in comparison to fiscal year 078∕79.
For fiscal year 084∕85, annual surplus and deficit of
B. Puri et al. / JIEE 2021, Vol. 4, Issue 1.

(c) For fiscal year 084/85

Figure 5: Annual surplus or deficit energy as percentage
of annual generation for fiscal year 078∕79, 080∕81 &
084∕85
energy varies widely depending upon generation and
consumption scenario. This year is expected to observe
net annual surplus energy for three of the consumption
scenarios viz. normal, growth with categorized and intervention with electric vehicle consumptions. However,
there will be net annual deficit of energy in intervention
with induction Chulo and combined intervention scePage 6
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narios. The expected S – D ratio for respective fiscal
years is presented in Table 4.
Table 4: S – D Ratio for fiscal years 078∕79, 080∕81 &
084∕85
Generation/
I
II
Consumption
Scenario
FY
𝐴∗ ∞
∞
078/079 𝐵 ∗ ∞ 146.16
𝐶∗ ∞
18.56
FY
𝐴∗ ∞
∞
080/081 𝐵 ∗ ∞
∞
𝐶 ∗ ∞ 363.19
FY
𝐴∗ ∞
2.79
084/085 𝐵 ∗ ∞
2.83
𝐶∗ ∞
2.83
𝐴∗ Normal Generation
𝐵 ∗ Shit IPP plants
𝐶 ∗ Shift IPP & NEA Plants

III

IV

V

∞
11.21
3.68
∞
12.73
6.97
0.61
0.62
0.62

∞
108
14.72
∞
592.28
1.66
1.66
1.68
1.6

∞
9.70
3.34
∞
8.86
0.37
0.37
0.37
0.37

The expected monthly surplus & deficit energy for the
same fiscal years viz. 078∕79, 080∕81 & 084∕85 for
most likely generation scenario is presented in Table
5.
Table 5: Expected Monthly Surplus and Deficit energy
(GWh) for fiscal years 078∕79, 080∕81 & 084∕85
5a. For fiscal year 078∕79
Months/
Scenario
Shrawan
Bhadra
Ashoj
Kartik
Mangshir
Poush
Magh
Falgun
Chaitra
Baishak
Jestha
Ashad

I

II

III

IV

V

643.4
686.2
940.4
933.9
685.6
284.8
141.1
79.7
162.2
219.4
546.2
924.9

411.5
449.7
729
731.7
502.2
79.1
-47.5
-112.5
-33.6
-14.5
289.5
671.4

281.2
319.4
598.7
601.5
372
-51.1
-177.7
-242.7
-163.9
-144.7
159.2
541.1

405.5
442.9
721.4
723.3
493
689.5
-58.4
-124.3
-46.3
-28
275.1
656.2

275.3
312.7
591.1
593.1
362.7
-64.3
-188.7
-254.6
-176.5
-158.2
144.9
525.9

Fiscal year 084∕85 will experience saturation of generation megawatts in INPS based on current PPA concluded
dates. For this year, in normal scenario of consumption,
for month of Ashoj resulting into maximum possible
export from INPS. For the same year the month of Falgun intermediate import will be needed in INPS if most
likely consumption is anticipated. However, if intervention of Electric Vehicle is considered for the month of
Ashoj, intermediate export from INPS will be necessary. INPS will experience maximum import in Falgun
B. Puri et al. / JIEE 2021, Vol. 4, Issue 1.

5b. For fiscal year 080∕81
Months/
Scenario
Shrawan
Bhadra
Ashoj
Kartik
Mangshir
Poush
Magh
Falgun
Chaitra
Baishak
Jestha
Ashad

I

II

III

IV

V

1378.8
1466
1740.1
1699.8
1396.6
728.1
482.1
389.9
491.2
641.8
1187.2
1767.3

882.8
960.1
1287.2
1267.4
904.5
288
78.6
-21.3
72.3
141.6
638.2
1225.1

622.3
699.6
1026.7
1006.9
644.05
27.4
-181.8
-281.8
-188.1
-118.8
377.6
964.5

8507
926.4
1251.7
1230.3
865.7
247.4
36.4
-65.2
26.7
94.3
589.2
1174.3

590.2
665.8
991.2
969.7
605.1
-13.05
-224.1
-325.7
-233.8
-166.1
328.7
913.8

5c. For fiscal year 084∕85
Months/
Scenario
Shrawan
Bhadra
Ashoj
Kartik
Mangshir
Poush
Magh
Falgun
Chaitra
Baishak
Jestha
Ashad

I

II

III

IV

V

2546
2467
2846
2676
2043
1168
775.1
618.1
738.4
920.6
1687
2350

1058.8
949.7
1486.3
1379
867.1
-152
-435.2
-615.1
-517.9
-579.8
403.08
723.8

537.8
428.7
965.2
858.01
346.07
-673
-956.1
-1136
-1039
-1101
-480.7
202.8

913.5
801.1
1334.2
1223.6
708.3
-314.1
-600.7
-783.9
-690.2
-755.5
-1388
541.3

392.5
280.1
813.2
702.5
187.2
-835.2
-1122
-1305
-1211
-1277
-659.7
203.5

in combined intervention of both Induction Chulo and
Electric Vehicle.

5.4. Load flow simulation
The Load flow simulation has been performed in
planned INPS for months of Ashoj and Falgun of fiscal
year 084∕85. The generation capacity in INPS for these
two months is 5622.8 MW and 2427 MW respectively.
Five scenarios each from one consumption scenario are
considered for simulation purpose. Normal and Intervention with Electric Vehicle scenarios are considered
in the month of Ashoj to study maximum export and
intermediate export scenarios respectively. Similarly,
Combined Intervention with Induction Chulo and Electric Vehicle in the month of Falgun is considered to
study maximum import in INPS. Also, Growth with
Categorization of Consumption and Intervention with
Induction Chulo scenarios are considered for month of
Falgun to study intermediate import scenarios in INPS.
These import and export cases are summarized as follows:
I. Maximum export

: Normal energy consumption
Page 7
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Ashoj
Expected monthly energy
consumption: 1280003.2
MWh
Corresponding monthly peak
demand: 2285.94 MW
II. Maximum import

: Combined intervention with
induction chulo and electric
vehicle – Falgun)
Expected monthly energy
consumption: 3084460.54
MWh
Corresponding monthly peak
demand: 6139.39 MW

III. Intermediate import : Growth with categorization
of consumption – Falgun
Expected monthly energy
consumption: 2394500.2
MWh
Corresponding monthly peak
monthly demand: 4766.08
MW
IV. Intermediate import : Intervention with induction
chulo – Falgun
Expected monthly energy
consumption: 2915523.882
MWh
Corresponding monthly peak
demand: 5803.14 MW
V. Intermediate export : Intervention with electric vehicle – Ashoj
Expected monthly energy
consumption: 2791364.118
MWh
Corresponding monthly peak
demand: 4985.07 MW

5.4.1. Cross-border power flow
i Export Avenues
For intermediate export, only Muzzafarpur –
Dhalkebar 400 kV line will be sufficient as 594.1
MW cross border power flow. However, for maximum export by fiscal year 085∕85, Dhalkebar
– Muzzafarpur and Butwal – Gorakhpur 400kV
Lines must be utilized as around 1200 MW and
2093.9 MW power flow have been observed from
theses Lines respectively.
ii Import Avenues
Four transmission lines in accordance with cross
B. Puri et al. / JIEE 2021, Vol. 4, Issue 1.

– border planning has been observed to accommodate the total import peak power demand based on
their capacity for intermediate import for growth
with categorization of consumption scenario. The
import of 100 MW from Tanakpur, 1110 MW
from Butwal – Gorakhpur 400 kV line, 1000 MW
from Dhalkebar – Muzzafarpur 400 kV line, 129
MW from Kusaha – Kataiya 132 kV line will be
required to meet the monthly peak power import
of around 4766 MW. For month of Falgun for consumption with intervention of Induction Chulo
and also for consumption with combined intervention of Induction Chulo and Electric Vehicle, six
cross - border transmission lines viz. Tanakpur
import, Butwal – Gorakhpur 400 kV line, Dhalkebar – Muzzafarpur 400 kV line, Kusaha – Kataiya
132 kV, Parwanipur – Raxaul 132 kV line and
remaining Duhabi – Purnea 400 kV has been seen
essential. The import of 100 MW from Tanakpur
import, 1200 MW from Butwal – Gorakhpur 400
kV line, 150 MW from Parwanipur – Raxaul
132 kV line, 1200 MW from Dhalkebar – Muzzafarpur 400 kV line, 150 MW from Kusaha –
Kataiya 132 kV line and remaining 907 MW from
Duhabi – Purnea 400 kV line is expected to flow
to meet the peak power demand of around 6139
MW for maximum import scenario. The simulation studies indicate the need of capacitive compensation in Birgunj loop of INPS with increased
level of import power.

5.4.2. Operating status of planned INPS
i The power transformers at Balaju, Bhaktapur,
Chapali, Dhalkebar, Hetauda, Suichatar, Khimti
and Parwanipur grids have been found critically
overloaded in all the consumption scenarios considered.
ii The 66 kV and 132 kV transmission lines of Kathmandu sub – system and Amlekhgunj – Kamane –
Pathlaiya – Parwanipur – Birgunj – Simara – Amlekhgunj sub – system have been found critically
overloaded in all scenarios.
iii Majority of 66 kV and 132 kV buses have
been found to operate with bus voltage far from
standard limit in planned INPS by fiscal year
2084∕85.

6. Conclusion
Nepal will have surplus energy for all months of the
study period in normal consumption scenario. The maximum and minimum monthly surplus energy of about
2845.62GWh and 618.17 GWh are concluded for month
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of Ashoj and Falgun respectively for fiscal year 084∕85.
If energy consumption follows the growth as per categorized consumption, there will be deficit of energy in
months from Poush to Baisakh in latter part of projected
period. The maximum monthly deficit of about 615
GWh energy has been observed for month of Falgun
in fiscal year 084∕85. The intervention with electric
vehicle and Induction Chulo individually follow almost
same patterns as that of growth with categorized consumption but with greater deficit of energy in corresponding months. However, in combined intervention,
in year 084/85, six months (Poush – Jestha) of year will
experience deficit of energy and remaining months will
experience surplus energy. The maximum surplus and
maximum deficit of about 813.2 GWh and 1305 GWh
energy are concluded for months of Ashoj and Falgun
respectively for this year.
Provided the planned cross – border transmission lines
are constructed by exact time, estimated import export
for projected periods can be achieved through these
lines. However, 66 kV and 132 kV transmission lines
of Kathmandu sub – system and Amlekhgunj – Kamane
– Pathlaiya – Parwanipur – Birgunj – Simara – Amlekhgunj sub – sytem of planned INPS have been found
critically overloaded in all scenarios. Similarly, Majority of 66 kV in planned INPS is expected to suffer from
critical under voltage problem for fiscal year 084∕85.
The lowest under voltage of 34.61 kV has been observed
for Sunkoshi bus for intermediate import with Growth
with categorization of consumption for month of Falgun. Similarly, the 132 kV buses in planned INPS is
expected to suffer from critical overvoltage (179.28 kV
in Marsyangdi Bus in third import scenario) and under
voltage (up to 85.59 kV in Mahendranagr Bus in fifth
export scenario) problem for fiscal year 084∕85. Under this condition, transformers of Balaju, Bhaktapur,
Chapali, Dhalkebar, Hetauda, Suichatar, Khimti and
Parwanipur grids have been found overloaded in all the
scenarios considered.

[5] Ministry of Energy W R, Irrigation. Present Condition and
Future Roadmap of Energy, Water Resources and Irrigation
Sectors[R/OL]. Kathmandu, Nepal: Government of Nepal,
2018.
https://cip.nea.org.np/wp-content/uploads/2020/
09/KMS-6-white-paper-on-energy-water-resources-andirrigation-sector.pdf.
[6] Water, Secreteriat E C. Electricity Demand Forecast Report (2015-2040)[R/OL]. Kathmandu, Nepal: Government of
Nepal, 2017. https://moewri.gov.np/storage/listies/May2020/
electricity-demand-forecast-report-2014-2040.pdf.
[7] Energy Demand Projection 2030: A MAED Based Approach[R]. Kathmandu, Nepal: Government of Nepal, 2014.
[8] Nepal Electricity Authority. Load Forecast Report[R/OL]. Government of Nepal, 2015. https://www.nea.org.np/admin/assets/
uploads/supportive{_}docs/LoadForecast2014{_}15.pdf.
[9] Nepal Energy Sector Assessment, Strategy, and Roadmap[R]. 6
ADB Avenue, Mandaluyong City, 1550 Metro Manila, Philippines: Asian Development Bank, 2017.
[10] Rastriya Prasaran Grid Company Limited. Transmission System
Development Plan of Nepal[R/OL]. Kathmandu, Nepal: Government of Nepal, 2018. https://rpgcl.com/images/category/
TSMPN{_}RPGCL{_}GoN.pdf.
[11] Nepal Electricity Authority. A Year In Review - Fiscal Year
2018/2019[R/OL]. Kathmandu, Nepal: Government of Nepal,
2019. https://nea.org.np/annual{_}report?page=1.
[12] Bhandari, R., & Pandit S. Electricity as Cooking Means in
Nepal - A modelling Tool Approach[J]. Sustainibility, 2018.
[13] Revolt Motors[R/OL].
Revolt Motors, 2019.
https://
www.revoltmotors.com/rv400.
[14] Electric Vehicle Database[R]. Electric Vehicle Database, 2020.
[15] Mahindra Electric[R/OL].
Mahindra Electric, 2020.
www.mahindraelectric.com/vehicles/e2oPlus/.
[16] Bajracharya, D., & Bhattarai D. Road Transportation Energy
Demand and Environmental Emission: A Case of Kathmandu
Valley[J]. Hydro Nepal: Journal of Water, Energy and Environment NEPAL, 2016(18).
[17] A Prefeasibility Study on Deploying Electric Buses in Kathmandu Valley[R]. Seoul, Korea: Global Green Growth Institute,
2018.
[18] Electric Bus Feasibility Study[R/OL].
MARCON,
2016.
https://www.edmonton.ca/documents/transit/
ETS{_}Electric{_}Feasibility{_}Study.pdf.
[19] Sarmad , R. Z., & Albrecht J. Prospects of Electric vehicles in
Developing Countries: A Literature Review[J]. Sustainibility,
2020.

References
[1] Electricity Demand Pattern Analysis[R]. New Delhi – 110016:
Power System Operation Corporation Limited, 2016.
[2] Gyanwali K, Komiyama R, Fujii Y. Representing hydropower in
the dynamic power sector model and assessing clean energy deployment in the power generation mix of Nepal[J/OL]. Energy,
2020, 202. DOI: https://doi.org/10.1016/j.energy.2020.117795.
[3] Gyanwali K, Komiyama R, Fujii Y. Power sector analysis of the
BBIN sub-region with a spatially disaggregated dynamic power
generation mix model[J/OL]. IEEJ Transactions on Electrical
and Electronic Engineering, 2020, 15(11): 1640-1653. DOI:
https://doi.org/10.1002/tee.23234.
[4] Gyanwali K, Komiyama R, Fujii Y, et al. A review of energy
sector in the BBIN sub-region[J/OL]. International Journal
of Sustainable Energy, 2020. DOI: https://doi.org/10.1080/
14786451.2020.1825436.

B. Puri et al. / JIEE 2021, Vol. 4, Issue 1.

Page 9

Comparison of vehicular fuel consumption and CO2 emission
before and during the covid-19 pandemic in Kathmandu valley
Paranjaya Paudela , Sabal Sapkotaa , Khem Gyanwalib and Bikash Adhikaria,∗
a Department
b Department

of Environmental Science and Engineering, Kathmandu University, Dhulikhel, Kavre, Nepal
of Automobile and Mechanical Engineering, Thapathali Campus, Institute of Engineering, Tribhuvan University, Kathmandu,

Nepal

ARTICLE INFO
Article history:
Received 31 Dec 2020
Received in revised form
28 Jan 2021
Accepted 04 Feb 2021

Keywords:
CO2 Emission
Fuel Consumption
Emission Factor
Road Transportation
Kathmandu Valley

Abstract
In the past few decades, the change in emission and fuel consumption pattern of Kathmandu
valley (KV) has been increasing rapidly. But due to the COVID-19 pandemic, it was disrupted
for a certain time. The main aim of this study is to compare the carbon dioxide (CO2 ) emission
before and during the COVID-19 pandemic for KV based on the motor-spirit (MS) & highspeed-diesel (HSD) fuel consumed by the vehicles. From the fuel sales data provided by Nepal
Oil Corporation (NOC), CO2 emission was calculated as per the Tier 1 approach given in the
guidelines provided by the Intergovernmental Panel on Climate Change (IPCC). 14.9% of total
fuel sales of Nepal was consumed in KV alone by road transport for fiscal year (FY) 2019∕20.
KV area produced 9, 14, 352 tonnes of CO2 emissions from the transportation sector in the
FY 2019∕20 from the corresponding 2, 92, 260 kiloliters of fuels. CO2 emission had declined
by 80.11% after the lockdown was implemented in the valley but later on, till Asar (Mid June
– Mid July) it again rose to 65

©JIEE Thapathali Campus, IOE, TU. All rights reserved

1. Introduction
Air pollution due to the various human activities has
been a crucial issue at present [1] and the transportation sector is one of the major energy consuming sector
and also a major global greenhouse gas emitting sector [2]. Fuel consumption has been increasing in the
past few decades in Nepal and especially in Kathmandu
Valley due to the rapid modernization and increasing
populations that have been causing various emissions to
our surroundings creating various environmental problems.
Outbreak of coronavirus (COVID-19) largely affected
every aspects of life on Earth which also forced government authorities of Nepal to impose lockdown from 24,
March 2019. This greatly reduce all the services including the transportation sector which reduced air pollution
drastically. This directly affected the sales of petroleum
related products as only a few essential vehicles were
∗ Corresponding

authors:

bikashadhikari@ku.edu.np (B. Adhikari)
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running on the road. So, it is obvious that the amount
of fuel consumption was unexpectedly reduced.

This information can be directly linked with the amount
of emissions emitted from the vehicles. In the transport related greenhouse gas emission, road transport
contributes the highest share which is 79.5% [2]. The
emissions from these vehicles are generally calculated
in terms of carbon dioxide (CO2 ) emissions. CO2 emissions from vehicles are a major threat to the environment and is directly associated with the amount of fuel
consumed. CO2 is one of the major greenhouse gases
(GHGs) that has the potential hazards on both climate
and human health. It has been a potential threat for causing various environmental problems such as increasing
global temperature resulting in severe weather conditions.
The sources that cause environmental pollutants can
roughly be divided into stationary and mobile sources.
Stationary sources include installations for the industrial
processes. Mobile sources include various means of
transport such as aircraft, heavy-duty trucks, passenger
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cars, motorbikes, etc [3]. This project will focus on the
CO2 emissions by road transportation in Kathmandu
Valley.

cles are registered. This represents 50% of the national
consumption of gasoline and 27% of national diesel
consumption in the valley [7].

The principal emissions from vehicles are greenhouse
gas i.e. CO2 , N2 O and CH4 . The main gas emitted is
carbon dioxide which is directly associated with the volume of fuel consumed and the type of fuel used (Petrol
& Diesel). This pandemic has limited the movement
of vehicles and therefore reduced the atmospheric levels of CO2 . Its effect on Kathmandu Valley was studied.

Table 1: Average fuel economy of vehicles during urban
drive in the Kathmandu valley [10]

This clearly shows that the reduction in the vehicle movement reduced the fuel consumption which further reduced the emissions coming from those vehicles

2. Literature Review
2.1. COVID-19
On 23 March 2020, GoN, taking cognizance of the evolving global situation and using the 2020 Infectious Disease Act, decided for the first time to lock down the
country from 24 March to which was extended multiple
times until 21 July 2020. On 22 July 2020, most of
the lockdown restrictions were lifted, with a few exceptions.

2.2. Fuel consumption
In Nepal, an increasing number of vehicles have tremendously increased the fuel consumption amount about
80% of imports of petroleum imported are consumed
in the transport sector [4]. Similarly, between 2007 and
2013, gasoline and diesel import combined increased
by 137%, while the import value of these fuels almost
quadrupled [5]. The Kathmandu valley consumed 51
PJ of energy in 2016, which is 1.7 higher than 2011,
with a rise in energy use mainly from the industrial and
transport sector. This increase in fuel can be attributed
to a continuous increase in the total number of fleets
over the study period from 0.27 million to 2.23 million
[6], which is estimated for each vehicle category using vehicle registration data and the survival function
[7].
The maximum upper limit value of sulfur is 350 mg/kg
of diesel (BS III) for Nepal [8]. Fuel consumption of
vehicles generally increases with their gross vehicle
weight and engine displacements [9]. Nepal’s Transportation sector does not use traditional energy at all
but entirely relies on imported petroleum fuels. In 2012,
the valley consumed 46% of the total petrol and 16% of
the total diesel sales in Nepal [10].
In the Bagmati Zone, which encompasses three districts
in the Kathmandu Valley, around 30% of domestic vehiP. Paudel et al. / JIEE 2021, Vol. 4, Issue 1.

Vehicle Type

Fuel Type

Bus
Minibus
Microbus
Car
Jeep
Pick-up
Motorcycle
HDV
Mini Truck

Diesel
Diesel
Diesel
Gasoline
Diesel
Diesel
Gasoline
Diesel
Diesel

Fuel Consupmtion
(km/l)
3.5
4
6.2
13.5
8.5
6.5
42.5
3.5
3.5

2.3. Emission
One of the most important contributors of greenhouse
gases (GHGs) is the transportation sector [11]. Emission of air pollutants in the transport sector is the product of the level of activity (passenger and freight travel),
structure (share by mode and vehicle type), fuel intensity
(fuel efficiency), and emission factor.
However, the emission largely depends on other factors
like the engine standard i.e. Euro VI emits less than
Euro I [3].
CO2 from transport is one of the major emissions from
road vehicles. The average emission is 130 g CO2 /km
for passenger cars. In general, the lower this figure, the
less fuel that a vehicle uses: a car with 100g/km CO2 ,
should have a good fuel economy. One with 180g/km
CO2 or more will use a lot of fuel [1].
As far as CO2 emission is concerned in Nepal, the
transport sector is responsible for more than half of
the country’s total energy-related CO2 emissions which
was 2190 Kt alone in 2013 [5]. Similarly, the rise in
production by the point-source and vehicle registration
industries led to an increase in sectoral energy in these
two sectors by a factor of 3 and 2, respectively [7]. As a
sector, 15% of combustion-based CO2 emissions came
from the transport sector. According to the Google
mobility report during the lockdown imposed mobility
trends for places that are public transport hubs in Nepal
decreased by 58% compared to baseline which is the
median value, for the corresponding day of the week,
during the five-week period 3 Jan – 6 Feb 2020.

2.4. Emission Factor(EF)
EF are usually calculated by dividing the weight of a
pollutant by a unit weight, volume, distance, or interval
of the activity emitting the pollutant. These factors are
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used to calculate emissions from different sources of air
pollution [12].
Likewise, EF is a representative or characteristic value
that relates the quantity of a pollutant released to the
atmosphere with an activity associated with the release
of that pollutants. It is given by:
E
EF

= A × EF
E
=
A

(1)

causing a higher number of full-size super-emitter buses
to generate higher emissions. It is worth mentioning
that in Kathmandu the super-emitter fraction is much
higher (i.e. 35%) than in other countries [14].
This has led to higher emissions from these old vehicle types. Tippers, indeed, are the recently introduced
heavy vehicles for the Kathmandu valley fleet [6] that
comply with Euro III requirements and have more sophisticated engine modifications than older vehicles.
These vehicles were also found to emit less.

Where,

3. Materials and methods

E

: Emission in units of pollutant per unit of time

3.1. Study area

A

: Activity rate in units of volume, weight, distance, or duration per unit of time

EF

: Emission factor in units of pollutant per unit of
weight, volume, distance, or duration

2.5. Factors affecting emission
Several parameters impact the emissions from the vehicles. Some of them are age, number of vehicles, fuel
quality, and efficiency, the weight of the vehicle, etc.
At present vehicles are one of the major sources of air
pollution in the Kathmandu valley as 8, 18, 484 (42%
of total vehicles registered in Nepal until April 2015)
vehicles were registered in the Bagmati zone [8]. Similarly, in 2016, 78% of the total registered vehicle were
motorcycle, 8% car/jeep/van, 3% tractors and trucks,
2% pickup, 1% Bus, and remaining others (tempo, rickshaw, heavy equipment, mini bus, and micro bus). Out
of total registered vehicles, 93% are passenger vehicles
(private and public), and the remaining 7% are freight
vehicles. There was registration of only 4% of the public vehicle (bus, mini bus, micro bus, and taxi) whereas
the remaining 96% are private vehicles [4]. More than
90% of the total registered vehicles in the valley are
personal vehicles, mostly motorbikes (80%) and light
duty
vehicles (12.5%) such as car, jeep, van, and taxi. Over
the last 10 years, the annual average growth rate of registered vehicles in the valley has been 17% [10].
CO2 emissions in Nepal increased from 5,057 kilotons
in 2010 to 8,033 kilotons in 2014. The general public
perception is that air quality has declined in most of
Nepal’s cities over the past 10 years [13].
Similarly, the average peak vehicle running speed
dropped from 20.8 km per hour in 2012 to 15.2 km
per hour in 2019 [13] which shows that the traffic congestion in the valley have not improved yet. Traffic
congestion and road conditions are also the factors for
P. Paudel et al. / JIEE 2021, Vol. 4, Issue 1.

Kathmandu Valley is the main interest of study for this
research. Kathmandu Valley is comprised of three districts of Nepal: Bhaktapur, Lalitpur, and Kathmandu. It
lies at the average elevation of 1,400 masl and covers an
area of around 665 sq. km. Valley is the political, cultural, and economic hub of Nepal with a population of
almost 3 million. The temperature in the valley is around
2035◦ C to 35◦ C in summer and 235◦ C to 1235◦ C in
winter. Valley experiences an average rainfall of 1400
mm during monsoon which starts from June.
The time period for the study was months of April to July
of 2020 as lockdown due to the COVID-19 pandemic
was imposed during this period. However, the fuel sales
data of FY 2019/20 before lockdown was taken into
account for the comparison.

3.2. Method description
The general methodology of the study is as shown in
Fig. 1.
The statistics of the vehicle data provided by the Department of Transport Management [6], Nepal is only the
cumulative number of vehicles since their first registration and therefore, do not represent the actual vehicle
fleet existing and plying on the road each year. Every
year, a large number of vehicles are scrapped. The actual vehicle fleet plying on the road can be estimated
by subtracting the scrapped vehicles from the annually
registered vehicle numbers. However, data for annual
scrapping rate do not exist in Nepal. So, the public vehicles older than 20 years are not included which are
not allowed to run in the Kathmandu valley.
Another significant factor in road transport energy demand and emissions is the average distance traveled
by a vehicle in kilometer in a year, also called ’Annual
Vehicle Kilometer Traveled (VKT)’. According to [10],
the average annual urban drive VKT for different types
of vehicles based on survey data was estimated. The
annual VKT declines as the vehicles age over a period
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Table 3: Emission Factor by Vehicle Type [10]
Vehicle
Type
Bus
Minibus
LDV
Gasoline
car
Diesel
car
Jeep
/Van
Motorbike
HDV
Hybrid
Car

CO2
(kg/GJ)
79.7
79.7
-

CO
(g/Km)
4.9
4.9
-

NO𝑥
(g/Km)
6.8
6.8
-

HC
(g/Km)
0.87
0.87
-

PM10
(g/Km)
1.075
1.075
-

70.54

3.16

0.21

0.19

0.06

54.82

3.16

0.26

0.14

0.18

75.66

3.16

0.28

0.32

0.48

34.71
82.61

2.4
4.9

0.19
9.3

0.52
0.87

0.06
1.24

58.85

0.18

0.019

0.013

0.01

lines for National Greenhouse Gas Inventories. The Tier
1 approach as per IPCC Guidelines for National Greenhouse Gas Inventories, 2006 was used for calculating
CO2 emissions. Represented by the Eq. 2,
CO2 from Road Transport
Figure 1: Methodological framework of the study
Table 2: Average annual vehicle kilometer travel(VKT)
in the Kathmandu Valley [10]
Vehicle Type
Bus
Minibus
LDV
Private(Car/Jeep/Vans)
Public (Taxi)
Microbus
Motorbike
HDV
Mini truck

VKT
44,105
43,307
12,310
25,356
38,520
8,952
37,800
37,415

E

=

∑

E

: Emission of CO2 (kg)

Fuel𝑎 : Fuel Sold (TJ)
EF𝑎

: Emission factor (kg/TJ). This is equal to the
carbon content of the fuel multiplied by 44/12.

a

: Type of fuel (eg: petrol, diesel)

Similarly, from [10], for energy demand and emission
per mode of transports can be calculated using the Eq.
3

ED

The choice of methods depends on various factors such
as the availability of data and the importance of the
source category. Since there are no country-specific
emission factors for emission assessment in Nepal, the
default values provided by the IPCC guidelines are used
either in the calculation of the net calorific value or in
the CO2 emission studies or in the carbon oxidation
fractions.

Where,
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(2)

Where,

of time. Therefore, this aging factor has to be considered.

Methodologies for estimating national inventories of anthropogenic emissions by sources and removals by sinks
of greenhouse gases are given in the 2006 IPCC Guide-

Fuel𝑎 × EF𝑎

𝑎

= N × VKT × F

ED

: Energy Demand

N

: Number of Existing Vehicles

(3)

VKT : Average annual mileage in kilometer
F

: Average fuel economy in liters per kilometer

Emission from a vehicle is a function of energy consumed by it, therefore given by Eq. 4
E

= ED × EF

(4)
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Where,
E

: Emission

EF

: Energy Factor

ED

: Energy Demand

4. Results
4.1. Vehicle registered
From the data obtained from the Department of Transport Management (DoTM) following composition Fig.
2 of vehicle type was obtained till of 2017 AD.

Figure 4: Vehicle Fleet at KV based on age

4.3. Fuel consumption
Fuel sales data obtained from the NOC represents the
fuel consumption data.

Figure 2: Vehicle types composition in KV

As shown in Fig. 2 Motorcycle/Scooter (2 wheeler)
comprised the highest share among the other vehicles at
81% followed by Car/Jeep/Van/Pickup at 14%.
Figure 5: Total fuel sales of KV

Fig. 5 shows the overall fuel sales data of KV for the
fiscal year 2076/77 BS (2019/20 AD) where certain
drop of the fuel sales can be observed after the month
of Falgun till the Baisakh with lowest fuel sales i.e.
6,522 KL during the lockdown period imposed due to
the COVID-19 pandemic which shows that the fuel
consumption was decreased by 80.11% compared to
that of Falgun.

Figure 3: Number of Registered Vehicles in Kathmandu
Valley

4.2. Age of vehicles
Considering age as one of the factors for differing emissions from various vehicle types based on the data obtained from DoTM, the number of existing vehicles were
categorized as shown in the Fig. 4.

P. Paudel et al. / JIEE 2021, Vol. 4, Issue 1.

Among the three districts of the valley, Kathmandu had
the highest volume of total fuel consumed at 1,04,530
KL MS followed by Lalitpur & Bhaktapur at 25,246
KL & 15,332 KL respectively and 99,306 KL HSD
followed by Bhaktapur at 25,803 KL and Lalitpur at
22,016 KL.
In case of Nepal, the diesel sale dominates the MS value
by 9,45,806 KL. Whereas the fuel consumption in KV
is fluctuating, from Fig. 6, 7 it can be observed that
amount of diesel & petrol consumed by road transportation in the KV was 10.12% & 28.57% respectively of
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Figure 6: Total Petrol and Diesel Sales of Kathmandu
Valley

Figure 8: Total Vehicular Emissions

From the Fig. 9, 10, & 11 it can be observed that the
drop in the emissions of CO2 after the month of Falgun
till Baisakh. Among the three districts of the valley,
Bhaktapur had a decline in CO2 emission by 75.79%,
Lalitpur by 79.96%, and with the highest decline of
81.07% at Kathmandu.

Figure 7: Total Petrol and Diesel Sales of Nepal

total fuel consumed in Nepal for FY 2076/77 BS. 14.9%
of total fuel sales of Nepal was consumed in KV alone
by road transport for FY 2019/20 AD. In the context of
nationwide fuel consumption, diesel is in more amount
however in the case of KV, the diesel sales exceed petrol
sales only during winter seasons.

4.4. Carbon dioxide emission
Using the Tier 1 approach provided by the 2006 IPCC
guidelines the following results were estimated for CO2
emission.

Figure 9: CO2 Emissions of Bhaktapur

Bhaktapur had CO2 emission more dominated by the
consumption of diesel.

The total CO2 emission on Falgun and Mangsir were
higher and the lowest was on Baisakh followed by Jestha.
This is because of low fuel consumption during these
periods than that of normal times. The all-time highest
CO2 emission of the year was 103090 Tonnes and the
lowest was 20500 Tonnes. Overall, Diesel accounts for
more CO2 emissions in KV than compared with the
emissions from petrol.
From Fig. 8, CO2 emission had declined by 80.11%
after the lockdown was implemented in the valley but
later on till Asar it again rose by 65%.
P. Paudel et al. / JIEE 2021, Vol. 4, Issue 1.

Figure 10: CO2 Emissions of Kathmandu
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different. The graph dropped till Baisakh (Mid April
– Mid May) month and then gradually started rising
and also stable at the end of Asar (Mid June – Mid
July) because of the slackness of lockdown. The lowest recorded HSD was 4102.435 KL in Baisakh and it
reached up to 8712.200 KL in Asar. It saw an increase
of 112.38%. The HSD consumption is high in Kathmandu, Bhaktapur, and Lalitpur respectively by district
wise.

Figure 11: CO2 Emissions of Lalitpur

Kathmandu and Lalitpur had CO2 emission more dominated by the consumption of petrol. Among three districts of the valley, Bhaktapur had seen a growth of CO2
emission by 165.06%, Lalitpur by 181.58% and with
highest growth of 192.43% at Kathmandu. This was
mainly due to lift down of lockdown.
Emission due to the petrol fuel consumption during
the period of lockdown decreased by 84.61% in KV.
But there was a growth of 314.84% in CO2 emission from the petrol consumption after the months of
Baisakh.
76.14% decline in CO2 emission due to the diesel usage
was observed. Later on, the value rose up to 112.36% of
CO2 emission from diesel consumption till Asar.

5. Discussion
The atmospheric concentration of carbon dioxide has increased extensively since the industrial revolution due to
human activities and has now reached dangerous levels
not seen in the last 3 million years. This is because natural sinks remove from the atmosphere about the same
amount of carbon dioxide as natural sources produce.
This has kept the levels of carbon dioxide balanced and
in a safe range. But human sources of emissions have
disturbed the natural balance by adding extra carbon
dioxide to the atmosphere without eliminating any extra
carbon dioxide.
From petrol consumption pattern it can be observed
that from Falgun (Mid February – Mid March) onwards
there is a decrease in MS Consumption. The lowest
recorded MS was 2419.839 KL (Kilo Liter) in Baisakh
and it reached up to 10038.949 KL in Asar (Mid June –
Mid July). It saw an increase of 314.83%. The MS consumption is high in Lalitpur, Kathmandu and Bhaktapur
respectively by district wise.

And for the case of HSD (Diesel), the scenario is a little
P. Paudel et al. / JIEE 2021, Vol. 4, Issue 1.

Looking at the results one can observe the regain of the
sales values from Baisakh onwards. Generally, HSD
is used in excessively higher volume as usual in comparison to MS. The graph’s annual growth seems to be
increasing but in 2015/16 and 2019/20 it is less due to
obvious reasons of earthquake & economic blockade
and COVID-19 pandemic respectively. However, in the
absence of pandemic, there could have been a stable
rise in the fuel consumption for the FY 2019/20 as well.
The almost equivalent consumption of fuels in KV is
due to a higher number of 2-Wheelers and other diesel
vehicles.
Nepal had total CO2 emission of 9.45 million tonnes
in 2018 as per Global Carbon Project and the Carbon
Dioxide Information Analysis Centre (CDIAC). Due to
Nepal’s low per capita vehicle ownership rates, the volume of CO2 emissions from passenger transport in the
Valley is lower than that in towns in developed regions
of the world. In 2018 Nepal’s per capita CO2 emissions
was 0.34 tonnes of CO2 . A key part of understanding
global warming and climate change is greenhouse gases.
Knowing the fundamentals of their origin and how they
affect the planet provides us with tools to be critical of
an increasingly politicized problem.

Controlling measures like a ban on vehicles more than
20 years old alone is not sufficient to improve air quality in Kathmandu. Control measures also require taking out of old vehicles from the road and substituting
them with vehicles with better technology so that fewer
pollutants are emitted, slow down the growth rate of
pollution.

6. Conclusion
This report calculates from a mass balance point of
view. Kathmandu Valley i.e. the capital city of Nepal
produced 9,14,352 tonnes of CO2 emissions from transportation in the FY 2019/20 from the 2,92,260 KL of
fuels. As per the study aims, the fuel sales for KV before the pandemic is slightly fluctuating with simple
high and lows whereas after lockdown started from the
month of Chaitra (Mid March – Mid April) certain drop
in the sales was observed which eventually reduced the
CO2 emission.
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7. Recommendations
While rising CO2 emissions have a clear negative environmental impact, reducing it is important to protect the
living conditions for future generations. Based on the
findings of the CO2 emission level, it is recommended
to find multiple ways to reduce the emissions. This will
help ensure to keep the CO2 emissions at an optimum
level. Some of the ways to achieve lower emissions are:
use of mass public transportation, bicycle-friendly infrastructures, periodic emission testing, implementing
EURO-VI standards vehicles, EVs, and hybrid vehicles
which emits very less CO2 .
Collecting various data about scrappage vehicles, vehicle kilometers, fuel economy and other related info in
the national data inventory would further give accuracy
to the research.
Other mitigating measures include planting trees, conserving existing forests and grasslands and various
awareness program.
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Abstract
This paper deals with evaluation and analysis of carbon footprint of an airline operator, Nepal
Airlines Corporation (NAC) by using its actual flight and maintenance data from 2016 to 2019.
NAC is a multi-fleet operator, of both turboprop and turbofan aircrafts. Carbon footprint in
terms of Carbon Dioxide (CO2 ) emission has been calculated for NAC’s airline operations
per individual aircraft, fleet-type and operating sector (i.e., international and domestic), and
total ground handling operations. In each of the study years, contribution to NAC’s total CO2
production from its domestic fleet was found out to be very small (below 6% of yearly total),
even though its fleet number outnumbered that of international fleet. This indicates better
optimization opportunities for international-sector (turbofan) aircrafts than domestic-sector
(turboprop) aircrafts. Reductions in fuel on-board as per prescribed levels, better airport slot
management and selection of long-haul flight destinations have been identified as potential
mitigation strategies for CO2 emission from international sector. Smaller aircrafts operating in
domestic sectors are more prone to variations in occupancy rate and as such, NAC could focus
on optimizing its commercial strategy to improve its CO2 /passenger rate in domestic sector
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Abbreviations and acronyms

KTM

A320

: Airbus A320-200 Ceo aircraft

MA60 : Modern Ark 60 aircraft

A330

: Airbus A330-200 aircraft

NAC

: Nepal Airlines Corporation

AFL

: Aircraft Flight Log

OEM

: Original Equipment Manufacturer

APU

: Auxiliary Power Unit

OEW

: Operational Empty Weight

B757

: Boeing 757-200M aircraft

PAX

: Passengers

CO2

: Carbon Dioxide gas

RF

: Radiative Forcing

DHC-6 : De Havilland Canada-6/300 aircraft

STOL

: Short Take-Off and Landing

EASA : European Aviation Safety Agency

AFL

: Aricraft Flight Log

FAA

: Federal Aviation Administration

TOW

: Take-off Weight

FOB

: Fuel on Board

PIC

: Pilot in Command

GHG

: Green House Gas

Y12-E : Harbin Y12-E aircraft

ICAO

: International Civil Aviation Organization

TFBPF : Total fuel burn per flight
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PTFF

: Pax-to-freight factor

NOYS : Number of y-seats
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PLF

: Pax load factor

OEW

: Operational empty weight

1. Introduction
Carbon footprint is defined as the total greenhouse gas
(GHG), primarily carbon dioxide (CO2 ) caused by an
individual, event, organization or product expressed
as carbon dioxide equivalent (CO2 e) [1]. There are
two types of carbon emissions: direct and indirect [2].
Within the direct emission type, scope 1 emissions are
of interest in aviation sector because it measures direct
emissions from the source, like burning of fuels. Scope
2 emissions, which are from use of utilities like electricity and heat, and Scope 3 emissions which are from
upstream and downstream of the end use are secondary
emissions.
Radiative Forcing (RF) is a term used for determining
the heating or cooling effect of GHGs (which include
carbon dioxide, nitrogen oxides, hydrocarbons, water
vapor and aerosols). According to ICAO, the net RF
by all GHGs in the environment due to aircrafts is heating effect. It is to be noted that a large representative
fraction of RFs from all GHGs is from CO2 alone [3].
The RF of most GHGs other than CO2 are variable over
time. Moreover, uncertainties concerning the impact of
some of the GHGs like NO𝑥 (Nitrogen Oxides) emitted
at high altitudes, contrails and contrail cirrus still exists [4]. Even though the full impact of aviation always
results in larger climatic effects than considering CO2
alone, the emission ratio: (CO2 + non-CO2 ) per CO2
is not a constant but rather depends on the individual
flight and on the flight length [4]. Such uncertainty in
quantification of RF from GHGs other than CO2 is also
voiced in IPCC special report [5]. Thus, it is logical
to say that within an airline company, only the carbon
emission would suffice as the value to be compared to
analyze the underlining cause and effect of carbon emission summing up to carbon footprint as a whole. Thus,
this paper deals with the carbon footprint considering
CO2 emission only.
Aviation sector accounts to 2% of the total human induced CO2 emissions [6] and around 12-18% of emissions of all types of transportation sectors. The active global commercial fleet as of 2017 stands at above
25,000 aircrafts. The next 10 years will see 3.4% net
annual growth, increasing the number to around 35,500
[7]. This projection though is hampered by the COVID19 situation, will have a net growth in the coming
years.
This clearly signifies the increase in fuel consumption
by airlines and thus, more CO2 emission in future. Most
S. Tuladhar et al. / JIEE 2021, Vol. 4, Issue 1.

of today’s operational aircrafts are either of newest technology or old ones which are incorporated with at least
minimal modifications to be at par with the existing regulatory requirements. For instance, from 2013, all aircraft
engines produced had to comply with ICAO/CAEP6
NOx limits but all aircraft engines in production since
then are already performing better than this regulatory
limit [8].
While there are opportunities to reduce CO2 emissions
from the OEM and aviation authorities’ level through
design changes or modification incorporation, airline
operator themselves can contribute to reducing CO2
emission via increase in operational efficiency and mitigation tactics which can help to reduce the cost in implementing emission trading scheme [4].
Both FAA and IATA have set targets of carbon neutrality till 2020, while FAA has stated for net reductions
by 2050 and IATA has set net reductions in 2050 by
50% (taking 2005 as base year). Also, there are requirements established by Civil Aviation Authority of Nepal
(CAAN) applicable to an aeroplane operator that produces annual CO2 emissions greater than 10,000 tons
from the use of an aeroplane(s) with a Maximum Takeoff mass greater than 5,700 kg conducting international
flights on or after 1st January, 2019 [9].
Carbon accounting is the process by which organizations quantify their GHG emissions, so that they may
understand their climate impact and set goals to limit
their emissions [10]. Carbon accounting has been done
for NAC by compilation of comprehensive flight and
maintenance data of aircrafts operated by NAC over the
period of 2016-2019.
There are many ways by which an airline operator can
mitigate and offset is carbon emission. Induction of
new fleets with most modern aircraft can reduce carbon
emission [11, 12]. Carbon offsetting through purchase
of carbon credits and supporting projects dealing in sustainable development goals has enabled Yeti Airlines
to be carbon neutral as of 2018 [13]. Varying the controllable causative factors (like: FOB, routes and flight
time) of CO2 emission over a future tenure provides
insight into operational efficiencies NAC can add to
reduce its CO2 emissions.

2. Methodology
Raw data for flights operated by NAC from 2016 − 2019
have been obtained from Aircraft Flight Log (AFL),
which is proprietary to Continuing Airworthiness Management part of NAC. The raw data include flight information like: city pair, flight (air) time, fuel on board,
fuel burnt, take-off weight, logged engine hours and
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APU hours (if installed). Then, calculation of CO2
emission from fuel burn for each flight was calculated
using ICAO’s methodology.

2.1. CO2 Calculation

The ICAO calculator has been explicitly used by many
researches like by Yang et.al. 2020 [14] and Debbage
et.al. 2019 [15] including CAAN’s CAAN Carbon Offsetting and Reduction Scheme for International Aviation (CORSIA) [9]. The ICAO (2017) methodology
calculates carbon emissions for specific city-pair markets based on the great circle distance between any two
given airports that offer scheduled flights. While the
great circle paths do not necessarily correspond to flown
flight paths, a correction factor is applied by the ICAO
to account for the emissions associated with additional
flight distance due to air traffic and weather conditions.
Using published flight itineraries, the ICAO calculator
determines the aircraft types that service the route and
then each aircraft is mapped to one of 312 equivalent
aircraft types to calculate fuel consumption [16].
Since actual data are available for the airline company,
NAC, use of this ICAO methodology is free from deviations pertaining to assumptions of fuel burn generalized
for the aircraft type and region of operation.
As per the methodology, CO2 (in tons) equals to 3.16
times the fuel burn (in tons). CO2 /pax is measured using
1, 2 & 3.
CO2 per pax

=

3.16 ×

TFBPF × PTFF
NOYS × PLF

(1)

Where,
PTFF =

NOYS =

Pax weight
Pax weight + Cargo weight
Actual pax
y-seats

(2)

(3)

ICAO uses a standard 80 kg per passenger regardless
of passenger gender or ratio while FAA uses a 60 ∶ 40
male to female ratio at 83 kg and 73 kg respectively.
EASA established weights of 95 kg and 75 kg for male
and female respectively. An additional estimation of
passenger baggage is added to the overall payload, assuming that each item of luggage is 25 kg and that 70%
of the passengers take one bag and 30% take two bags.
Also, study show that in Indian region (which is closest
example for Nepal) the standard weight of passenger
is 75 kg [17]. This provides us a standard weight with
hand luggage standing at 100kg. Because the cargo
weight is not documented in AFL, for each flight, it can
be calculated from 4
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Freight

= Take-off Weight (Tons) − FOB

(4)

(Tons) × 0.8 × 1000 − OEW

An average specific gravity of 0.8 is assumed for the
aviation fuel used [9]. Because the actual number of
passengers per flight is used, there is no requirement of
pax-load factor. The operational empty weight (OEW)
and passenger capacity for aircrafts of NAC have been
obtained from OEM’s manuals as in Table 1:
Table 1: OEW and Pax capacity for NAC’s aircraft
Aircraft
B757
A330
A320
DHC-6/300
MA60
Y12-E

OEW
43,670 kg
124,870 kg
58,800 kg
3,674 kg
13,720 kg
3,800 kg

Pax capacity
190
274
158
19
56
17

Data for only revenue flights (which constitute 90% +
of the total flights) taken place between pre-scheduled
operating city pairs have been considered for this research. Remaining data of flights for charter, test flight
or ferry flights have not been considered for data analysis.

2.2. Evaluation of Total and Specific CO2
emission
By use of ICAO’s methodology, NAC’s AFL and
OEM’s data, CO2 for each flight was calculated. Total
carbon emission was evaluated for domestic and international sectors on yearly basis. Yearly CO2 emission per
engine hours was evaluated to study the effect of engine
utilization on CO2 emission over passage of time. The
average fuel burn per kilometer is a good measure of
a fleet’s ecological impact [18] and thus CO2 /km and
the corresponding route distance has been evaluated to
measure particular fleets’ efficiency in terms of CO2
generated per km flown. CO2 emission per passenger
and kilometer travel has been used as a common parameter of comparison between different aircrafts of different
engine types, range and region of operation. As a measure of possible CO2 emission mitigation, sector fuel for
each city pair has been predicted form historical data,
aeronautical theories and fuel policy of NAC.

2.3. Additional Data Collection for Specific
CO2 emission

The route distance, which is the actual standard distance
which is constant for a particular set of cities developed specifically for NAC. While the actual distance
flown does deviate from this value, this approximation
of actual distance is more accurate than the great circle distance used by ICAO calculator. Flight distance
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for different city pairs of as per NAC’s flight routes are
given in Appendix A. The aircraft fleet for NAC operational over the years: 2016 − 2019 is shown in Table
2.

2.4. Correlation and regression analysis
Analysis of sectoral CO2 emission showed the percentage of carbon emission from domestic sector to be very
small in comparison to international sector. By use of
Excel tools for correlation and regression analysis, the
major contributing factors of CO2 emissions have been
established for international-sector aircrafts. The paper deals more in-depth with the aircrafts operated in
international sector i.e., the turbofan aircrafts.

By this analysis, possible mitigation measures have been
put forward. The CO2 emission by year has been initially projected to the year, 2021 considering effect of
flight suspensions, international charter flights and flight
resumptions in 2020 due to COVID-19 outbreak and decommissioning of its Chinese aircrafts’ fleet (i.e., MA60
and Y12E aircrafts). Six months of the year, 2020 were
affected due to Civil Authority of Nepal on commercial flights due to COVID-19 situation. Even though
chartered flights were carried out via international aircrafts during the lockdown period, those were sparingly
distributed over time and did not represent the scheduled commercial flights of NAC. After the resumption
of flights, commercial flights saw operation only up to
20 − 30% of the capacity as was in 2019. This value
assumed to grow, to 50% by end of first half of 2021
and gain full operation by 3𝑟𝑑 quarter of 2021.
Crystal Ball predictor has been used to predict the CO2
emissions with the existing fleet of NAC with two different scenarios: one without the impact of COVID-19

and another without its impact, as though flights were
presumed to grow without restrictions. The CO2 emissions were first projected to 2021 using inbuilt Forecast
tool and then the data from 2016 − 2021 were used to
carry out prediction till 2030. Iterations of 5000 were
used to create the predictive model for the two scenarios.

3. Results
3.1. CO2 emission of NAC flight
operations
Using theoretical background and data processing, the
total CO2 emission of NAC segregated into aircraft
fleets and domestic/international sector has been presented.

Figure 1: CO2 emission of NAC from Domestic and
International flight operations (2016 − 2019)
Figure 1 clearly depicts that the CO2 emission contribution from domestic flights operations is very low in
comparison to the yearly carbon emission. The yearly

Table 2: Aircraft operation data for 2016-2019
Aircraft
type

Call Sign

DHC-6/300
Twin otter
Modern Ark
60

9N-ABT
9N-ABU
9N-AKQ
9N-AKR
9N-AKS
9N-AKT
9N-AKU
9N-AKV
9N-ACA
9N-ACB
9N-AKW
9N-AKX
9N-ALY
9N-ALZ

Harbin
T12-E
Boeing
757-200
Airbus
A320-200
Airbus
A330-200
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Operational
Years from
2016-2019
2016-2019
2016-2019
2016-2018
2017-2019
2016-2018
2017-2019
2018-2019
2018-2019
2016
2016-2018
2016-2019
2016-2019
2018-2019
2018-2019

Operating
Sector /
Aircraft Type
Domestic
/
Turboprop

International /
Turbofan

Nonoperational
after
2018
2019
2018
2019
2019
2019
2016
2018
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CO2 production from domestic operations are (as % of
total production): 3.7%, 5.2%, 3.9% and 1.7% for 2016,
2017, 2018 and 2019, respectively. The carbon emission by domestic sector increased in year 2017 because
new Y12-E aircrafts were introduced into the fleet and
other domestic fleets were also operating in full capacity. During the same time i.e., 2017, one of the Boeing
757 aircraft was removed from NAC’s fleet which explains the increase in contribution in carbon emission
by domestic sector. In the year 2018, the remaining
Boeing 757 aircraft was also decommissioned while
two new Airbus A330 aircrafts were added to the fleet.
During the same year, one MA60 and several Y12-E
aircraft suffered AOG (Aircraft on Ground) situations
which explains to the drop in contribution of emissions
from domestic sector flights. Lastly, in 2019, many of
MA60 and Y12-E aircrafts have experienced irregular
operations while the DHC-6/300 seemed to be the sole
aircraft fleet operating regularly in the domestic sector. Also, the newly inducted A330 aircrafts were being
operated in full fledge by 2019 which resulted in sudden drop of carbon emission contribution by domestic
sector.

Figure. 2 explains the phenomenon of CO2 production
share of each aircraft over the years.

to determine how much effect a causative factor (like:
flight time, route distance, take-off weight, fuel on board
and number of passengers) has on the resultant output
(in this case, CO2 , and its derivatives being subject of
interest).
Similarly, trend line corresponding to the scatter plots
were made and its equations were generated from Excel
tools. The gradient value of the simple straight line thus
lets us quantify sensitivity of output parameter with
respect to changes in the input parameter.

3.3. Variation in CO2

Table 3 summarizes the R2 value for correlation between
the given parameters and respective intercept values for
each turbofan aircraft, which are sorted in order of their
Maximum Take-Off Weight (MTOW). The results seen
in the table infer that there is strong statistical significance between CO2 emission and the flight time (R2 =
0.970 to 0.970) and route distance (R2 = 0.897 to 0.941).
Thus, one hour of flight time corresponds to 7.79, 12.11
and 15.64 tons of CO2 emission for A330, B757 and
A320 aircraft. Even though the CO2 emission is directly
proportional to the route distance, the CO2 /km value
(as will be discussed later) decreases with respect to
increase in route distance, and this decreasing rate also
increases with the aircraft MTOW.
Fuel on board the aircraft is a parameter of particular
interest, because there is good statistical significance of
FOB on CO2 emission. One ton of FOB in average corresponds to 1.78 to 2.63 tons of CO2 emission produced.
Here, it is to be noted that smaller aircraft (A320) has
much potential to carbon reductions through more efficient fuel planning than the larger aircrafts (A330 and
B757). Also, the CO2 production is more sensitive to
TOW in smaller aircrafts than the larger ones in turbofan
aircraft category.

Figure 2: CO2 emission share of NAC aircrafts (2016 −
2019)
Since the CO2 emission generated by domestic sector
aircrafts is much lesser than international sector aircrafts, detailed analysis of causative factors have been
done for only the international sector aircrafts (i.e., turbofan aircrafts).

3.2. Driving factors of CO2 emission

Scatter plots between different parameters were obtained
from the available and calculated data. The correlation
parameter, R2 provides us how much of a resultant parameter is affected by a causative parameter. Here, individual, one on one correlation analysis has been done
S. Tuladhar et al. / JIEE 2021, Vol. 4, Issue 1.

As seen in the Table 3, the R2 value of correlation between CO2 and number of passengers ranges from 0.007
to 0.070 for different aircrafts, which is not enough to
establish any credible relation between the parameters’
pair. The most notable reason for this uncertainty in the
relationship is the fact that airline operators do not measure the exact weight of passengers on board their aircraft, but rather use a predefined average value accepted
by regulatory bodies and the operator itself. While the
actual passenger weights may vary to a large extent,
this general rule uses one constant value for passenger
weight which is in fact not very accurate in real-life
scenario.

3.4. Variations in CO2 /km

The CO2 /km with respect to the route distance (km)
has a decreasing trend, implying that with increase in
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Table 3: R2 and gradient values for correlation with CO2
CO2 (Tons)
vs.
Flight Time(Hrs)
Route Distance (km)
Fuel on Board (Tons)
Take-off Weight (kg)
Occupancy (%)

Correlation R2
A330 B757
0.970 0.977
0.897 0.923
0.626 0.445
0.418 0.540
0.013 0.070

value
A320
0.973
0.941
0.604
0.463
0.007

Regression Line Gradient
A330
B757
A320
15.637 12.105 7.788
0.018
0.014
0.009
1.776
1.807
2.628
1.136
1.516
1.615
14.794 22.922 -5.951

Table 4: R2 and gradient values for correlation with CO2 /km
CO2 /km
vs.
Route
Distance
(km)

Correlation R2 value
A330 B757 A320

Regression Line Gradient
A330
B757
A320

0.359

-0.0017

0.440

0.553

-0.0016

-0.0012

route distance, the CO2 emission per kilometer flown
decreases. This rate of decrease is more prominent in
larger aircraft than the smaller ones as depicted by the
gradient value of regression for the respective aircrafts
as shown in Table 4. This statistical proof is in line with
the theoretical basis that longer flight routes offer more
of cruising time, (which utilizes lesser fuel than take-off
and climb stages of flight), which thus reduces the per
km emission for the whole flight.

3.5. Variations in take-off weight
Data for all three types of fleet show that the fuel on
board is a major variable playing role in variations of
TOW. That is also why FOB is a major contributing
variable of CO2 emission as depicted in Table 5. Route
type (represented by route distances) have average role
to play in variations of TOW. Also, as seen in the data,
number of passengers has as much more driving force
in changes in TOW. Also, the gradient for A330 aircraft
for TOW vs. pax has the largest value, which means
that number of passengers is also an important factor
for TOW even though as a whole, the pax doesn’t have
much driving force on CO2 emission.

Figure 3: CO2 emission with respect to Engine Utilization for A330 aircrafts

3.6. Effect of engine utilization on CO2

Graphs of CO2 /engine utilization hour were plotted for
individual aircraft to look into the effect of engine aging
on the carbon emission. Representation of the data
per aircraft along with the fleet type also helped find
out maintenance status of the aircraft pertaining to its
engines.
The Figure 3, 4 and 5 for CO2 emission with respect
to engine utilization for all aircraft (except 9N-ALZ)
show that the CO2 emission variation over time is in
the range of ±0.35 tons of CO2 /engine hour utilization.
This shows that there isn’t significant change in carS. Tuladhar et al. / JIEE 2021, Vol. 4, Issue 1.

Figure 4: CO2 emission with respect to Engine Utilization for B757 aircraft (9N-ACB)

bon emissions with respect to the engine utilization, or
aging. However, the data for A330 aircraft, 9N-ALZ,
carbon emission increase by 1.6 tons/engine hour from
2018-2019. This could be some on going engine-related
Page 23

Evaluation and mitigation analysis of carbon footprint for an airline operator: Case of Nepal Airlines Corporation

Table 5: R2 and gradient values for correlation with TOW
TOW (Tons)
vs.
Fuel on
Board
(Tons)
Route
Distance
(km)
Occupancy (%)

Correlation R2 value
A330 B757 A320

Regression Line Gradient
A330 B757 A320

0.687

0.813

0.640

1.058

1.184

1.140

0.231

0.450

0.342

0.005

0.005

0.002

0.273

0.175

0.075

38.56

17.33

8.50

Graphs were prepared to find out the contribution of
APU use in carbon emission and its variation over time
that can give insight into operational use. For B757
aircraft, APU data has not been well documented and
as such, this paper analyses the data for A330 and A320
aircrafts.

Figure 5: CO2 emission with respect to Engine Utilization for A320 aircrafts

problems, hard operation, or lapses in maintenance practices. Even though the CO2 /engine hour fluctuates over
the years, there is a slight increasing trend for both A320
and A330 aircrafts. The subtle increase in CO2 emission
is attributed to engine wear and tear as amidst compliance to maintenance requirements laid out by aviation
authorities or OEMs.

Figure 6: CO2 emission from APU as % of total emissions for A330 aircraft

Until such time comes when allowable engine parameters are met, the rate of carbon emission may increase.
After that, the engine must go under inspection/overhaul
under hard time use or overhaul as per its predefined
life (called Life Limited Parts or LLPs), the objective
of which is to restore back the performance of engines.
Study of engine emission before and after such shop
visit could put light on the effect of engine maintenance
on performance of an engine.

3.7. CO2 emission by APU

An APU (Auxiliary Power Unit) is commonly provided
in large aircrafts to provide power during in-flight engine failure, engine starting, electrical power and, airconditioning on ground. Sometimes the maintenance
staff or cockpit crew also use APU as a means of lighting and electrical power during maintenance or flight
preparation when Ground Power Units (GPU) are not
available.
S. Tuladhar et al. / JIEE 2021, Vol. 4, Issue 1.

Figure 7: CO2 emission from APU as % of total emissions for A320 aircraft

APU used in NAC’s A330 aircraft is Honeywell
GTCP331-350 whose fuel consumption per hour with
maximum electrical and air conditioning load is taken
as 210kg as per Airbus [19]. The APU used in NAC’s
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A320 aircraft is Pratt and Whitney APU APS 3200 with
fuel consumption rate of 142kg/hr as per P& W [20].
Industry standards puts APU fuel use as around 3% of
the total fuel burn. This fact is proven by the statistical
data presented in Figure. 4 and 5. If we look at the
yearly variation, we can see that there is a slight declining trend in APU emission with time. Even though the
APU use hours are increasing over time, the ratio of
APU emission per total emission is reducing.

3.8. Comparison of aircrafts based on specific
CO2 emission

A standard parameter used to measure the carbon emission efficiency of different aircrafts is CO2 /pax-km,
which removes the passenger and distance factor, which
are different for different fleet configuration and individual flights. Thus, this parameter can be used to compare
CO2 emission among different aircrafts with aggregated
data per year.

Figure 8: CO2 /pax-km for turbofan aircrafts

As seen in Figure. 8, the carbon emission per passenger
and kilometer of flight travel depicts that newer aircraft
contribute to lesser carbon emission. B757 aircraft is
actually an older aircraft which is no longer in extensive
commercial use in the world. This aircraft type is more
than 35 years old and NAC’s B757 aircrafts were in fleet
for more than 30 years.
In contrast, NAC’s A320 aircrafts are just over 4-5 years
old while the A330 aircrafts are only over one years old
as of 2019. A320 and A330 are one of the leading commercial aircrafts used for short and long-haul flight respectively. The statistical data thus shows that the older,
B757 aircraft emits more specific carbon emissions than
its newer counterparts i.e. A330 and A320. Also, A330
aircraft demonstrates better emission efficiency probably because it is newer than A320 aircraft.
Figure. 9 shows the same parameter for NAC’s turboprop aircrafts which are operated in domestic sectors.
As seen, Y12-E aircraft has the highest per passenger
S. Tuladhar et al. / JIEE 2021, Vol. 4, Issue 1.

Figure 9: CO2 /pax-km or turboprop aircrafts
per km carbon emission capacity among the turboprop
aircraft, followed by DHC-6/300 and MA60 aircraft.
The chart is arranged in increasing number of seat capacity. The results obtained could be so because of the
large sensitivity of passenger numbers per flight of respective aircrafts. Lower seat capacity means that even
one passenger has capacity to differ the carbon emission
per person by a large extent. The rule of newer aircraft
being more efficient does not apply much to turboprop
aircrafts as seen from the obtained results.

The information also shows that turboprop aircrafts in
summation is less efficient in terms of carbon emission. This could be due to the inherent characteristics
of turboprop aircrafts which have less seat capacity, less
MTOW or their cruise altitude being lesser than their
turbofan counterparts. Another major cause of this high
carbon emission could be attributed to the fact that full
passenger occupancy is not obtained probably due to
poor commercial planning (NAC being national flag
carrier of Nepal flies to many destinations in Nepal, a
good portion of which, have poor passenger load, but
NAC opts to operate in these sectors as a gist of service rather than commercial business). Also, there is
underlying factor that NAC’s turboprop aircrafts, DHC6/300 and Y12-E are operated in STOL (Short Take-off
and Landing) sectors which often are in higher altitudes,
downgrading the maximum passenger carrying capacity
for some high-altitude flights. Also, in case for MA60,
trunk routes are operated which are mostly in Nepal’s
Terai region where during summers, the hot, humid
climate plays an evil role in decreasing the maximum
allowable passenger capacity.

3.9. CO2 emission of NAC ground handling
operations
Nepal Airlines Corporation carries ground handling operations for its domestic and international flights as well
as for majority of foreign airlines operating at KTM. The
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ground handling operations includes services starting
from marshalling to pushback. NAC uses equipment
such as Ground Power Units (GPU), baggage tractors,
passenger steps, conveyer belt loaders, ramp movement
and passenger vehicles to provide the ground handling
services. In 2019, the total CO2 emission from ground
handling operations of NAC was 729.7 tons (considering emission factor of 2.66 kg of CO2 /liter of diesel
burn and 2.29 kg of CO2 /liter of petrol burn). This
corresponds to only 0.4% of the total CO2 emissions
from collective airline and ground handling operations.
The remaining 99.6% of the total emissions were from
airline operations of NAC alone.

3.10. CO2 forecasting for NAC

Crystal Ball Predictor with iterations of 5000 was carried out to predict the CO2 emissions till 2030 with
two scenarios: with impact of COVID-19 and without
impact of COVID-19.

aircrafts. The best fitted forecast model was Damped
Trend without seasonality which brought the CO2 emission to 178,025 tons in year 2030. This value is almost
equal to that of the value in 2019. The possible variations in this value for the year, 2025 stands at 45,420229,555 (i.e. 26%-131% of total 2019 emission with
90% confidence interval.
The prediction model for CO2 emission without taking flight reductions due to COVID-19 showed that the
CO2 value in 2030 would be 503,584 tons, which is
nearly thrice the value of 2019 production. The possible variations in this value for the year, 2025 stands at
45,420-229,555 (i.e. 26%-131% of total 2019 emission)
with 90% confidence interval.
This shows that the COVID-19 situation has caused a
drop in flight operations which could affect the CO2
emissions till 2030, after which the net production may
increase from 2019 values. Detailed data for the results obtained from CB predictor are presented in Appendix B.

4. Discussion and mitigation
From the regression and correlation analyses between
different CO2 emission parameters and flight parameters, mitigation analysis has been able to be done. Possible mitigation and offsetting measures for turbofan
aircrafts have been discussed here.

4.1. Route Optimization
Figure 10: CO2 emission forecast for NAC till 2030
with impact of COVID-19

Figure 11: CO2 emission forecast for NAC till 2030
without impact of COVID-19
As seen in the figures, there is substantial effect of
COVID-19 in the annual CO2 production rate along
with the effect of decommissioning of Y12E and MA60
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The correlation and regression analysis between
CO2 /km and route distance show that longer distances
offer lower carbon emission per km flown. On average,
A330 and A320 can have deduction of 1.7 tons and 1.2
tons respectively of carbon emission per 1000 km flown.
As such, short haul flight sectors like Kathmandu-Delhi,
Bangalore, or Mumbai are not feasible sectors for A330
aircraft. Even for A320 aircraft, the Kathmandu-Delhi
is not a good sector owing to the high carbon emission
per km in this sector. However, the occupancy rates
for Delhi flights are very good and is important from
economic standpoint. In this backdrop, existing Kathmandu to Indian city pair flights are best fitted for A320
aircraft, and not A330 aircraft.
Mid-to-long range destinations like Bangkok, Kuala
Lumpur, Hong Kong, Dubai and Doha are fairly good
for both A320 and A330. However, since A330 is a
wide body aircraft and has longer range, it is best suited
for existing Osaka/Narita flights which are long-haul
flights. NAC could reduce its carbon emission values
by flying narrow body aircraft in short-haul and widebody aircraft in long-haul aircraft. Also, in future, if
aircrafts are added to the existing fleet, newer (already
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proposed) destinations like Incheon and Riyadh should
be allocated for A330 aircraft. For A320 aircraft, new
proposed sector like Guangzhou could be more emission
-friendly.

Apart from improving the carbon emission per km, NAC
could reduce the carbon emission greatly if it applies
ETOPS (Extended Twin Engine Operations) for its international sector aircrafts. ETOPS, as the name implies,
is a rule that allows aircrafts to fly longer distances away
from airports (like seas and deserts). The existing routes
of NAC are non-ETOPS which means that flight routes
are prepared in such a way to fly very near to existing
airports.
Even though Airbus A330 and A320 aircrafts are
ETOPS certified by the OEMs, they still need the operator (i.e., NAC)’s preparations in terms of fulfilling
regulatory requirements (related to flight operations and
maintenance) to be able to fly on ETOPS routes. If NAC
is approved to carry ETOPS flight, destination airports
can be flown to via more direct routes than on the paths
defined by availability of airports, as shown in the figure below. As the route distance itself decreases, CO2
emission also decreases.

the Bay of Bengal which could substantially reduce the
route distance and thus CO2 emission also.

4.2. Optimum Fuel Planning
The fuel carried on board has a prominent effect on the
take-off weight and in turn the CO2 emission. As discussed earlier, one-ton addition of FOB could increase
the carbon emission by 1.78 tons for A320 and 2.63 tons
for A330 aircraft. The study of fuel required per sector
as per fuel policy of NAC and general airlines operators
versus the actual FOB show that there is additional fuel
carried on board than is required for the sector. Additional fuel than the required quantity is carried on board
mostly on discretion of the Pilot in Command (PIC) with
a mindset of preparation for on-route weather conditions
or other safety reasons. However, we can demonstrate
safe values for FOB in different sectors through the historical data of actual fuel burn. By this way, we can
safely reduce the FOB and also reduce the carbon emissions to a good extent.

Monte Carlo simulation allows independent variables to
change with a certain number of trials so that the total
variations in dependent variables can be obtained. In
cases where real data are not available, a pre-conceived
distribution type and limits for the independent variables
are set. However, in the case of this research, actual
historical data are available, which is very helpful in
automatically generating the limits and probability distributions for the independent variables. Table 6 summarizes the correlation parameter, R2 value between CO2
and parameters which are deemed causing factors of the
carbon emission. Considering only R2 values which are
greater than 50%, we have flight time, route distance and
FOB as the major contributing factors of CO2 emission.
A multiple regression equation was formed using these
variables, whose equation is as follows:
CO2

= − 0.00039 × Route Distance +
7.241 × Flight Times +

(5)

0.5288 × FOB − 3.448

Figure 12: A Flight Radar flight path for Flight No:
RA416 for a flight of 2020 via NAC’s A320 aircraft for
KUL-KTM flight

As an example, Figure. 12 shows the actual flight path
from Kuala Lumpur to Kathmandu is such that the aircraft flies very less time over the oceans. This is because
NAC cannot yet operate ETOPS flight. If NAC could
operate this flight based on ETOPS rules, flights routes
would allow aircrafts to fly directly to Kathmandu over
S. Tuladhar et al. / JIEE 2021, Vol. 4, Issue 1.

Flight time and FOB have been identified as the controllable variables here while changes in route distance need
more planning with wider scope of efforts. As there is a
trend of increase in flight time over the years, the flight
time has been considered to be kept to the level of 2016
values. The required FOB has been calculated from fuel
policies of NAC whose main contents are:
Taxi Fuel

: Fuel required for engine start, taxi and
APU use : 200kg for A320 aircraft

Trip Fuel

: Fuel required for normal flight from
take-off and landing : taken average
from historical data
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Table 6: Monte Carlo Simulation Results for CO2 reductions
Sector

From

To

Shorthaul
Longhaul

KTM
DEL
KTM
DOH

DEL
KTM
DOH
KTM

Certainty
of CO2
reductions
75.47%
93.74%
85.78%
93.87%

Reserve Fuel : Includes contingency fuel, alternate
fuel, final reserve fuel and additional
fuel : Fuel for 5-10% of trip fuel, goaround to cruising altitude and landing
and holding of 45 minutes at holding
speed at 1500 ft.
Extra Fuel

: Extra fuel on discretion of PIC (Pilot
in Command)

Using this theory, the required FOB for different sectors have been calculated. A320 is a mid-range aircraft
and in case for NAC, KTM-DEL-KTM (Distance =
926/928 km) is considered a short-haul flight and KTMDOH-KTM (Distance = 3669/3724 km) is considered
a long-haul flight for A320 aircraft. As such, Monte
Carlo simulation was carried out to find the possible
CO2 reductions in these flights. Probability distribution and limits for independent variables were generated
from historical data of 2016-2019 while the formula for
forecast value for CO2 is: (Route distance and constant
terms cancel out.
ΔCO2

= 7.241 × ΔFlight Time +
0.5288 × ΔFOB

(6)

Where,
Δ Flight Time

= Actual Flight Time – Optimum
Flight Time

Δ FOB

= Actual FOB – Optimum FOB

The actual values will be changed by the simulation
while the optimum values have been obtained from the
methodology explained above. Carrying 5,000 iterations, the results obtained are as in Table 6
As seen in the table above, out-bound flights from Nepal
have lesser certainty of CO2 reductions than the inbound flights. This could be due to economic value of
fuel in Nepal being more expensive than foreign countries, which might have opted pilots to carry more fuel
during in-bound flights.
Another finding is that short-haul flights have lesser opportunity for CO2 emission than long-haul flights. In
average, with reductions in flight time (through better
S. Tuladhar et al. / JIEE 2021, Vol. 4, Issue 1.

Maximum possible
reduction with
50% certainty
1.69 Tons
2.19 Tons
3.35 Tons
3.33 Tons

management strategies) and FOB, reductions of up to
2.19 tons in short-haul sector and 3.55 tons in long-haul
sector could be achieved with 50% certainty. The simulation results have been attached in Appendix C.

4.3. Carbon taxing
Carbon tax is a concept wherein, taxes are included
in air fare that gains revenues for the airline operator
which can be used to buy carbon credits from credible
sources in order to offset the carbon emission that it
makes. Moreover, the airline operator can also invest
independently in non-carbon emitting projects like clean
energy infrastructures to offset the carbon it produces
during flight operations.
A correlation and regression analysis of CO2 /pax versus the route distance of Table. 7 shows that there is
fair correlation between the route distance and CO2 /pax.
The gradient value of regression line shows that the
CO2 /pax value is almost constant with number of passengers. This implies that a constant rate of tax could
be added to air fare of all air routes irrespective of the
route distance.
Even though the main agenda of carbon taxing is to
gain extra revenue for the airline operator to invest in
carbon friendly projects, effects of carbon tax could be
negative, like decrease in air travel or shift towards automotive transportation which could increase automotive
carbon emission while decreasing aviation emission on
one hand. But it is pointed that there will be net CO2
reductions in aggregate as per Hofer et. al. [21].

4.4. Slot management
Slot management refers to planning of flight departure
and arrival times. Many-a-while, flight delays occur, or
flight times are extended because there is much traffic
on ground for take-off, taxiing and landing [22]. In
case of Kathmandu airport, the problem lies in airport
bays for aircraft turn around which leads to holding
while arriving at the airport. In case of foreign airports,
large volume of on ground aircraft movement and in
some cases, weather conditions cause the flight time
to be stretched especially during taxiing phase. As the
flight time directly affects the CO2 emissions, proper slot
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Table 7: R2 and gradient values for correlation with CO2 /pax
CO2 /pax
vs.
Route
Distance
(km)

Correlation R2 value
A330 B757 A320

Regression Line Gradient
A330
B757
A320

0.404

0.00006

0.326

0.719

management of departure and arrival at different airport
according to their least traffic timings could provide
carbon emission reductions. This is easy to say, but
to implement, there is need for cooperation between
airlines and the airport authorities/service providers to
cater to reduction in flight hours as each airline wants
least air time for itself and planning with cooperation
can create a win-win situation for all airlines. Wherever
possible, slot planning should be done keeping in mind
to reduce the flight’s air time.

4.5. Shift towards newer aircrafts
As is discussed in Figure 9, newer aircrafts produce
lesser per capita CO2 emissions than the older counterparts. Thus, if NAC were to expand its fleet, it should
opt for buying aircrafts of newer technologies. It should
be borne in mind that when selecting newer aircrafts,
the mainstream aircrafts should be of choice because
of its proven performance and easy access to OEM’s
operational and maintenance support for airline operators.

5. Conclusions
Results of data analysis using Excel tools show that CO2
emission from a multi-fleet airline like NAC has most
of its carbon emission coming from larger aircrafts and
should concentrate to emission mitigation based on its
large aircraft fleet. In case for domestic-sector operating smaller aircrafts (turboprop aircrafts), reduction in
carbon emission could be obtained from increasing its
passenger occupancy rate through better commercial
strategies while for internationally-operating larger aircrafts, there are various possible methods by which an
airline operator like NAC could make net reductions in
its CO2 inventory.
The results from correlation and regression analysis for
international fleet show that CO2 emissions are primarily affected by the flight time and route distance. Also,
the fuel on board an aircraft for specific flight is also
a parameter of interest since there is statistical relation
between CO2 emission and FOB, mostly due to the fact
that more FOB increases TOW, which has effects on
CO2 emissions too. In most of the cases of international flight more FOB is seen to be taken aboard on
a flight than what is required for that particular flight
S. Tuladhar et al. / JIEE 2021, Vol. 4, Issue 1.

0.00006

0.00005

as per the calculations of fuel policy, Reductions in
FOB could be suggested for operating flights of NAC to
demonstrate practical reductions in net CO2 emission
of NAC.
Air time of various city pairs are fluctuating over time
most of which are increasing. Even a small amount of
increase in flight time such as 5 minutes can increase
CO2 to a great extent incase of large aircrafts. The problem seems to lie in destination and departure airports
being congested. This could be mitigated by doing planning of airport slots for minimal flight and turn-around
time.
Number of passengers, though having substantial effects
on carbon emission do not affect the emissions from
larger aircrafts and thus, passenger number is out of
equation for mitigation analysis in international-sector
fleet. Engine utilization have some effect on the net
CO2 emissions (i.e., increasing effect) mostly because
of gradual wear and tear
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Appendix A.
Appendix A.1. Route distance between city pairs for international sectors
IATA Code for Airports
KTM Kathmandu
DEL
Delhi
BLR
Bangalore
BOM Mumbai
KUL Kuala Lumpur
BKK Bangkok
HKG Hongkong
DOH Doha
DXB Doha
KIX
Osaka

From

To

KTM
KTM
KTM
KTM
KTM
KTM
KTM
KTM
KTM

DEL
BLR
BOM
KUL
BKK
HKG
DOH
DXB
KIX

Route Distance
(km)
926
2145
1902
3595
2363
3493
3669
3341
5495

From

To

DEL
BLR
BOM
KUL
BKK
HKG
DOH
DXB
KIX

KTM
KTM
KTM
KTM
KTM
KTM
KTM
KTM
KTM

Route Distance
(km)
926
1993
1778
3537
2391
3519
3724
3150
5484

Appendix A.2. Route distance between city pairs for domestic sectors
IATA Code for Airports

From

To

KTM
PPL
TPJ
BGL
BHP
LUA
HRJ
RUK
TAL
IMK
FEB
DOL
BJR
BIR
DHI
KEP
BDP
PKR
SIF
BWA
DNG
LUA

KTM
KTM
KTM
KTM
KTM
KTM
KTM
KTM
KTM
KTM
KTM
KTM
KTM
KTM
KTM
KTM
KTM
KTM
KTM
KTM
KTM
KTM
KTM
KTM

PPL
TPJ
BGL
BHP
LUA
HRJ
RUK
TMD
TAL
HRJ
IMK
FEB
DOL
BJR
BHP
BIR
DHI
KEP
BDP
PKR
SIF
BWA
DNG
LUA

Kathmandu
Bangalore
Taplejung
Baglung
Bhojpur
Hongkong
Chaurjhari
Rumjatar
Talcha
Simikot
Sanfebagar
Dolpa
Bajura
Biratnagar
Dhangadi
Nepalgunj
Bhadrapur
Pokhara
Simara
Bhairahawa
Dang
Lukla
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Route Distance
(km)
133
254
181
172
144
80
96
119
152
80
215
133
156
157
78
232
489
370
294
146
67
194
124
191

From

To

PPL
TPJ
BGL
BHP
LUA
HRJ
RUK
TMD
TAL
HRJ
IMK
FEB
DOL
BJR
BHP
BIR
DHI
KEP
BDP
PKR
SIF
BWA
DNG
LUA

KTM
KTM
KTM
KTM
KTM
KTM
KTM
KTM
KTM
KTM
KTM
KTM
KTM
KTM
KTM
KTM
KTM
KTM
KTM
KTM
KTM
KTM
KTM
KTM

Route Distance
(km)
133
254
181
172
144
80
96
119
152
80
215
133
156
157
78
232
489
370
294
146
67
194
124
191
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Appendix B.
Appendix B.1. CB Predictor Results for CO2 forecast with COVID-19 effects
Year
2023
2024
2025
2026
2027
2028
2029
2030

Lower: 5%
35992
38629
45420
54233
49812
25786
—
—

Forecast
121272
129380
137487
145595
153702
161810
169918
178025

Upper: 95%
206552
220131
229555
236957
257593
297835
—
—

Appendix B.2. CB Predictor Results for CO2 forecast witouth COVID-19 effects
Year
2022
2023
2024
2025
2026
2027
2028
2029
2030

Lower: 5%
254926
234912
191917
127950
151473
—
—
—
—
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Forecast
297811
334459
367283
396681
423013
446597
467720
486639
503584

Upper: 95%
340695
434005
542648
665413
694553
—
—
—
—
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Appendix C.
Appendix C.1. Simulation Results for CO2 reductions in KTM-DEL and DEL-KTM sector

Appendix C.2. Simulation Results for CO2 reductions in KTM-DOH and DOH-KTM sector
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Abstract
This research work was carried out to model the excitation force imparted by water jet in the
form of Fourier series and determine the forced response of Pelton turbine unit of Khulelhani-I
hydropower analytically by developing mathematical mode. Amplitude of forced vibration
form analytical was compared with simulation result. The mathematical model was developed
by calculating the kinetic energy of disk and potential energy of both disk and shaft. Hamilton’s
principle was used to determine equation of motion and then Galerkin method was used to
determine response of the system. Fourier analysis was done to obtain the function in its exact
form. The developed methodologies were followed to find the analytical solution of KulekhaniI unit of 3100𝑘𝑊 rated at 600𝑟𝑝𝑚. A rigid disk (runner and bucket assembly) was situated
along end of flexible shaft with fixed support at the shaft. First five Fourier components are to
be considered in analysis for meaningful representation of forcing function. The amplitude of
vibration of Pelton turbine unit with single nozzle in Y-direction (the direction of water jet)
obtained by analytical method was closed with that obtained from the ANSYS simulation.

©JIEE Thapathali Campus, IOE, TU. All rights reserved

1. Introduction
Pelton turbine is an impulse which transform potential
energy of water into kinetic energy in form of a water
jet by which impacts and drive Pelton runner. Vibrations are oscillations in mechanical dynamic systems.
Although any system can oscillate when it is forced to
do so externally, the term “vibration” in mechanical engineering is often reserved for systems that can oscillate
freely without applied forces. Sometimes these vibrations cause minor or critical effects on the performance
and safety of many in engineered systems. whenever an
aircraft wing vibrates, passengers in the aircraft become
uncomfortable especially when the frequencies of vibration matches with natural frequencies of the human
body.
Rotors are the rotating parts having a various engineering application like turbines, compressors, pumps,
fans, etc. Dynamic behavior of rotor and its compo∗ Corresponding

author:

koiralaraman437@gmail.com (R. Koirala)
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nents should be study to understand its mechanism
and failures. Rotor dynamics study the lateral/ transverse(bending), longitudinal(axial) and torsional vibration of rotating shafts with the objectives of limiting the
vibration under acceptable range. Transverse is mode of
rotor dynamics associated with bending of rotor and similarly longitudinal in the motion in axial direction and
torsional is twisting around its own axis of rotor.

In turbine system rotor and blades are subjected to extreme loading conditions. Mechanical and electrical
forces are the major concerns to increase the vibrations
in hydro turbine. Dynamic response is the response of
structure under dynamic loading condition and it will
give an idea about how the system will behave under
such conditions. Thus, the behavior of rotor system can
be analyzed to some extent by studying their dynamic response by using approximated mathematical modeling
and simulation techniques.

1.1. Literature review
Vibration that occurs under excitation of external force is
called forced vibration. When the oscillatory excitation
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is given, the system is forced to vibrate at excitation
frequency. If the frequency of excitation corresponds
with the one of the natural frequencies of the system
then resonance will occur. Hence the calculations of
natural frequencies are very important in the study of
vibration [1]
Rotor dynamics is an engineering that studies the vibrations of rotating shaft, with the objective to predict
the behavior of system under the vibrational condition
and the maintaining the level of vibration under an acceptable range. The vibration theory for rotor-dynamics
was first proposed by August Föppl in 1895 and similarly Henry Homan Jeffcot in 1919. By using a simplified rotor/bearing system they proposed the basic
theory on prediction of rotor vibration. This simplified
rotor/bearing system is known to be the Föppl/Jeffcot
rotor which is often used to evaluate more complex
rotor-dynamic systems [2]
Bai et al. used ANSYS finite element in their research
paper to model the main shaft system in the hydroturbine unit. They carried out modal analysis to calculate the critical speed of rotation [3]. Egusquiza et al.
proposed a theoretical model using finite element methods (FEM) in order to simulate the dynamic behavior of
the Pelton turbine. Experimental verification was done
under that were carried out in an existing hydro-turbine
unit [4].
Rajak et al. researched on dynamic analysis of the Pelton turbine to obtain the natural frequency of the system, mathematical model was developed to calculate
the kinetic energy and the strain energy, the equations
of motion were derived using Lagrange equations and
the Rayleigh-Ritz method to study the basic phenomena
of cylindrical mode of rotor and the validation carried
out in Mechanical APDL 14.5 to obtain the critical frequency [5].
Research by Panthee et al. presented the computational fluid dynamics (CFD) analysis of Pelton turbine
of Khimti Hydropower in Nepal. The runner was scaled
down by meeting IEC 60193 standard. Whole simulation was performed in ANSYS-CFX. The results obtained from simulation showed high pressure in splitter
and deep face of the bucket. The torque calculation was
further used to calculate the efficiency and analytical
validation of the runner [6].
Motra and Luintel carried out the research work which
was basically focused on the modeling of the Pelton
turbine unit and had covered dynamic behavior of the
centrally located rigid runner on the circular flexible
shaft, which was supported by the rigid bearings on both
ends and enabled to determine the natural frequency of
the system by using different models and compared
R. Koirala et al. / JIEE 2021, Vol. 4, Issue 1.

with the continuous system model. The unit was modeled as a discrete and continuous system. Considering
the Foppl/Jeffcot rotor models and Rayleigh’s energy
method. The model for the continuous system was developed by calculating the kinetic and potential energy
of the runner buckets assembly and shaft. The governing equations were formulated by using Lagrange’s
equation and solved analytically for natural frequency
by using Rayleigh-Ritz method [7].
Karki et al. carried out the research by modeling of excitation force imparted by water jet in the form of Fourier
series and determined the forced response of Pelton turbine unit analytically. The mathematical model was
developed by calculating the kinetic energy and potential energy of the disk and shaft. Lagrange’s equation,
Rayleigh-Ritz method and virtual work method were
used to derive the equation of motion of forced vibration
condition. The developed methodologies were followed
to find the analytical solution of dynamic response of
selected Pelton turbine unit of 2 kW with single nozzle
rated at 1500𝑅𝑃 𝑀 [8].
Research by Luintel and Bajrachayra present the method
to study the dynamic response of the shaft of a Pelton
turbine. Mathematical models for bending vibration
of Pelton turbine, was developed by using Lagrange
equation of motion followed by assumed modes method.
Where Pelton wheel is assumed as a rigid disk attached
on a Euler-Bernoulli shaft. The force by the water jet is
represented in the form of Fourier series [9].

2. Mathematical model
development
The mathematical model was developed by using various equations. Equations of motion was developed by
using energy method. Hence at very first mathematical
model for finding total energy of system was derived.
Then by using Hamilton principle and Galerkin method
the equation of motion was derived for dynamic forced
response. The force imparted by water jet to bucket was
estimated and the force function was modelled in the
Fourier series. Final equation of motion for system was
solved to find the amplitude of vibration.

2.1. Total energy of system
Since bearings are considered as rigid and undamped.
The system consists of only shaft and disk. For disk
only kinetic energy (K.E) is calculated while for shaft
both kinetic and potential energy (P.E) is calculated
because it is considered as flexible element. Thus, three
reference frames will be taken into account i.e., fixed
inertial frame, frame fixed in center of disk and frame
fixed with shaft.
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⎧𝜔 ⎫
⎪ 𝑥⎪
⎨ 𝜔𝑦 ⎬ =
⎪ 𝜔𝑧 ⎪
⎩ ⎭

2.2. Euler angles and rotational matrix
The orientation of a rigid body with respect to fixed
coordinate system is describe by using Euler angles. It
is used to relate the rotation of one frame inside another
frame of reference. There is different order of Euler
angles which transform the inertial frame XYZ to final
position of the shaft and disk. The consecutive rotation
of the same axis is not considered for the Euler angles.
The order in which the rotations is done is important.
There are several conventions for Euler angles, depending on the axes about which the rotations are carried
out. Hence twelve unique meaningful ordered sequence
of rotation exists. The twelve Euler angles conventions
are: XYX, XYZ, XZX, XZY, YXY, YXZ, YZX, YZY,
ZXY, ZXZ, ZYX, ZYZ. 3-1-2 Euler angle are used to
obtain Rotational matrix. The xyz rotated in relation
to the XYZ system according to set of angles shown in
Fig. 1. Where general orientation of cross section of
the beam element can be obtained by rotation around X
axis with angle 𝜑, then by an angle 𝜃𝑦 around new axis
𝑦1 and subsequently by an angle 𝜃𝑧 around 𝑧2 .

𝜔 =

⎡
⎢
⎢
⎣

𝜑̇ − 𝜃̇ 𝑧 𝜃𝑦
̇𝜃𝑦 𝑐𝑜𝑠𝑡𝜑 − 𝜃̇ 𝑧 𝑠𝑖𝑛𝜑
𝜃̇ 𝑧 𝑐𝑜𝑠𝑡𝜑 − 𝜃̇ 𝑦 𝑠𝑖𝑛𝜑

⎤
⎥
⎥
⎦

(2)

2.3. The Shaft and Disk
Kinetic energy of shaft is given by sum of translator and
rotary in axial and transverse direction [10]
𝑇𝑠

1
= 𝜌𝑠 𝐴𝑠
∫0
2

𝐿(

)
𝑉𝑥2 + 𝑉𝑦2 + 𝑉𝑧2 𝑑𝑥

𝐿

1
𝐽
𝜔2𝑥 𝑑𝑥
2 𝑝 ∫0
)
𝐿(
1
+
𝜔2𝑦 + 𝜔2𝑥 𝑑𝑥
2 ∫0

(3)

+

For strain energy of shaft combine axial deformation
and bending can be written as below [10].
𝑈𝑠

( 2 )2
)
d𝑢 2
𝜕 𝑣
𝐸𝐴
+ 𝐸𝐼
d𝑥
𝜕𝑥2
( 2 )2 ]
𝜕 𝑤
𝑑𝑥
+ 𝐸𝐼
𝜕𝑥2

1
=
2 ∫0

𝐿[

(

(4)

Now, kinetic energy of disk is given by:
[
𝑇𝑑

=

)
(
1
𝑀𝐷 𝑉̇ 𝑥2 + 𝑉̇ 𝑦2 + 𝑉̇ 𝑧2
2
)
(
1
+ 𝐽𝑝𝑑 𝜑̇ − 2𝜑̇ 𝜃̇𝑧 𝜃𝑦
2
)]
(
1
2
2
+ 𝐽𝑑𝑑 𝜃̇𝑦 + 𝜃̇𝑧
2
𝑥=𝐿

(5)

Where,
𝑉̇ 𝑥2 + 𝑉̇ 𝑦2 + 𝑉̇ 𝑧2

= 𝑢̇ 2 − 2𝑢𝑣
̇ 𝜃̇ 𝑧 𝑐𝑜𝑠𝜑 − 2𝑢𝑣
̇ 𝜃̇ 𝑦 𝑠𝑖𝑛𝜑
+ 2𝑢𝑤
̇ 𝜃̇ 𝑦 𝑐𝑜𝑠𝜑 − 2𝑢𝑤
̇ 𝜃̇ 𝑧 𝑠𝑖𝑛𝜑
+ 𝑣̇ 2 + 𝑤2 𝜑̇ 2 − 2𝑣𝑢
̇ 𝜃̇ 𝑧 𝑐𝑜𝑠𝜑

Figure 1: Rotational angles

− 2𝑣𝑢
̇ 𝜃̇ 𝑦 𝑠𝑖𝑛𝜑 + 2𝑣𝑤
̇ 𝜑̇ + 𝑤̇ 2
̇ 𝜃̇ 𝑦 𝑐𝑜𝑠𝜑
+ 𝑣2 𝜑̇ 2 − 2𝑤𝑢

Where, 𝜔 is an instantaneous angular speed which is related to coordinate system XYZ can be seen in Equation
(1).

̇ 𝜃̇ 𝑧 𝑠𝑖𝑛𝜑 + 2𝑤𝑣
̇ 𝜑̇
− 2𝑤𝑢

2.4. Hamilton’s principle
𝜔 =

𝜑̇ 𝑖 + 𝜃̇ 𝑦𝑗 + 𝜃̇ 𝑘

(1)

Where: i, j and k are the unit vector along the axis x,
𝑦1 and 𝑧2 . Equation (1) is transformed for the XYZ
coordinate system and assuming the small angles to 𝜃𝑧 ,
𝜃𝑦 will get: [10]
R. Koirala et al. / JIEE 2021, Vol. 4, Issue 1.

The Hamilton’s principle expresses that the motion of
the system between a given initial configuration t0 and
a given final configuration t1 is such that it extremizes
the action integral[11].
𝑡1

𝐼

=

∫𝑡0

𝐿𝑑𝑡
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Where ‘L’ is the Lagrange function which is expressed
as 𝐿 = 𝑇 − 𝑈 where ‘T’ is kinetic energy and ‘U’ is
potential energy of system. Hence after using Hamilton
principle each term associated with 𝛿𝑢, 𝛿𝑣, 𝛿𝑤, 𝛿𝜃𝑦 , and
𝛿𝜃𝑧 from the above equations are collected.
For u,
̇
0 = 𝜌𝑠 𝐴𝑠 𝑢̈ − 𝜌𝑠 𝐴𝑠 𝑣̇ 𝜃̇ 𝑧 𝑐𝑜𝑠𝜙 − 𝜌𝑠 𝐴𝑠 𝑣𝜃̇ 𝑧 𝜙𝑠𝑖𝑛𝜙
+
̇
̈
𝜌𝑠 𝐴𝑠 𝑣̇ 𝜃𝑦 (𝑐𝑜𝑠𝜙 − 𝑠𝑖𝑛𝜙) − 𝜌𝑠 𝐴𝑠 𝑣𝜃𝑦 𝑠𝑖𝑛𝜙 −
̇ 𝜃̇ 𝑦 𝑐𝑜𝑠𝜙
𝜌𝑠 𝐴𝑠 𝑝ℎ𝑖𝑣
+
2𝜌𝑠 𝐴𝑠 𝑤̇ 𝜃̇ 𝑦 𝑐𝑜𝑠𝜙
+
̇
̈
𝜌𝑠 𝐴𝑠 𝑤𝜃̈𝑦 𝑐𝑜𝑠𝜙−𝜌𝑠 𝐴𝑠 𝑤𝜃̇ 𝑦 𝜙𝑠𝑖𝑛𝜙−𝜌
𝐴
𝑤
𝜃
𝑠𝑖𝑛𝜙−
𝑠 𝑠
𝑧
[
′′
̇
̇
𝜌𝑠 𝐴𝑠 𝑤𝜃̇ 𝑧 𝜙𝑐𝑜𝑠𝜙−𝐸𝐴𝑢
+ 𝑀𝐷 𝑢−𝑀
̈
𝑣
̇
𝜃
𝐷 𝑧 𝑐𝑜𝑠𝜙−
̇
𝑀𝐷 𝑣𝜃̇ 𝑧 𝜙𝑠𝑖𝑛𝜙
+ 𝑀𝐷 𝑣̇ 𝜃̇ 𝑦 (𝑐𝑜𝑠𝜙 − 𝑠𝑖𝑛𝜙) −
̇ 𝜃̇ 𝑦 𝑐𝑜𝑠𝜙 + 2𝑀𝐷 𝑤̇ 𝜃̇ 𝑦 𝑐𝑜𝑠𝜙 +
𝑀𝐷 𝑣𝜃̈𝑦 𝑠𝑖𝑛𝜙 − 𝑀𝐷 𝜙𝑣
̈
̇
− 𝑀𝐷 𝑤𝜃̈𝑧 𝑠𝑖𝑛𝜙 −
𝑀𝐷 𝑤𝜃𝑦 𝑐𝑜𝑠𝜙 − 𝑀𝐷 𝑤𝜃̇ 𝑦 𝜙𝑠𝑖𝑛𝜙
]
̇
𝑀𝐷 𝑤𝜃̇ 𝑧 𝜙𝑐𝑜𝑠𝜙
𝛿𝑦 (𝑥 − 𝐿)
For v,
0 = 𝜌𝑠 𝐴𝑠 𝑣̈ − 𝜌𝑠 𝐴𝑠 𝑢𝜃̈𝑧 𝑐𝑜𝑠𝜙 + 𝜌𝑠 𝐴𝑠 𝑢𝜙̇ 𝜃̇ 𝑧 𝑠𝑖𝑛𝜙 −
𝜌𝑠 𝐴𝑢𝜃̈𝑦 𝑠𝑖𝑛𝜙 − 𝜌𝑠 𝐴𝑠 𝑢𝜙̇ 𝜃̇ 𝑦 𝑐𝑜𝑠𝜙 − 𝜌𝑠 𝐴𝑠 𝑣𝜙̇ 2 +
[
′′′′
𝐸𝐼𝑉 + 𝑀𝐷 𝑣̈ − 𝑀𝐷 𝑢𝜃̈𝑧 𝑐𝑜𝑠𝜙 + 𝑀𝐷 𝑢𝜙̇ 𝜃̇ 𝑧 𝑠𝑖𝑛𝜙 −
]
𝑀𝐷 𝑢𝜃̈𝑦 𝑠𝑖𝑛𝜙 − 𝑀𝐷 𝑢𝜙̇ 𝜃̇ 𝑦 𝑐𝑜𝑠𝜙 − 𝑀𝐷 𝑣𝜙̇ 2 𝛿𝑓 (𝑥 −
𝐿) − 𝐹 (𝑡)𝛿𝑓 (𝑥 − 𝐿)

tem equation of motion such that
(6)

𝑢0 + 𝜖𝑢1 + 𝜖 2 𝑢2 + 𝜖 3 𝑥3 + ...

𝑢𝑎 =

Where 𝜖 is the parameter. After solving for above equations. We get the equations of motion for 1𝑠𝑡 mode are
obtained as below.
′′

𝜌𝑠 𝐴𝑠 𝑢̈ 1 + 𝑀𝐷 𝑢̈ 1 𝛿𝑓 (𝑥 − 𝐿) − 𝐸𝐴𝑠 𝑢1 =

(7)

0

𝜌𝑠 𝐴𝑠 𝑣̈ 1 − 𝜌𝑠 𝐴𝑠 𝑣1 𝜑̇ 2 + 𝑀𝐷 𝑣̈ 1 𝛿𝑓 (𝑥 − 𝐿) −
′′′′

(8)

𝑀𝐷 𝑣1 𝜑̇ 2 𝛿𝑓 (𝑥 − 𝐿) + 𝐸𝐼𝑣1 − 𝐹 (𝑡)𝛿𝑓
× (𝑥 − 𝐿) = 0
𝜌𝑠 𝐴𝑠 𝑤̈ 1 − 𝜌𝑠 𝐴𝑠 𝑤1 𝜑̇ 2 + 𝑀𝐷 𝑤̈ 1 𝛿𝑓 (𝑥 − 𝐿)

(9)

′′′′

− 𝑀𝐷 𝑤1 𝜑̇ 2 𝛿𝑓 (𝑥 − 𝐿) + 𝐸𝐼𝑤1 = 0
𝐽𝑑 𝜃̈𝑧1 − 𝐽𝑝 𝜑̇ 𝜃̇ 𝑦1 + 𝐽𝑑𝑑 𝜃̈𝑧1 𝛿𝑓 (𝑥 − 𝐿) −
𝐽𝑝𝑑 𝜑̇ 𝜃̇ 𝑦 𝛿𝑓 (𝑥 − 𝐿) = 0

(10)

For w,

𝐽𝑑 𝜃̈𝑦1 + 𝐽𝑝 𝜑̇ 𝜃̇ 𝑧1 + 𝐽𝑑𝑑 𝜃̈𝑦1 𝛿𝑓 (𝑥 − 𝐿) +
𝐽𝑝𝑑 𝜑̇ 𝜃̇ 𝑧 𝛿𝑓 (𝑥 − 𝐿) = 0

(11)

0 =

Where, 𝛿𝑓 (𝑥 − 𝐿) is the Dirac delta function.

𝜌𝑠 𝐴𝑠 𝑤̈ − 𝜌𝑠 𝐴𝑠 𝑤𝜙̇ 2 − 2𝜌𝑠 𝐴𝑠 𝑢̇ 𝜃̇ 𝑦 𝑐𝑜𝑠𝜙 −
𝜌𝑠 𝐴𝑠 𝑢𝜃̈𝑦 𝑐𝑜𝑠𝜙 + 𝜌𝑠 𝐴𝑠 𝑢𝜙̇ 𝜃̇ 𝑦 𝑠𝑖𝑛𝜙 − 𝜌𝑠 𝐴𝑠 𝑢𝜃̈𝑧 𝑠𝑖𝑛𝜙 −
[
′′′′
𝜌𝑠 𝐴𝑠 𝑢𝜙̇ 𝜃̇𝑧 𝑐𝑜𝑠𝜙 + 𝐸𝐼𝑤 + 𝑀𝐷 𝑤̈ − 𝑀𝐷 𝑤𝜙̇ 2 −
2𝑀𝐷 𝑢̇ 𝜃̇ 𝑦 𝑐𝑜𝑠𝜙 − 𝑀𝐷 𝑢𝜃̈𝑦 𝑐𝑜𝑠𝜙 + 𝑀𝐷 𝑢𝜙̇ 𝜃̇ 𝑦 𝑠𝑖𝑛𝜙 −
]
𝑀𝐷 𝑢𝜃̈𝑧 𝑠𝑖𝑛𝜙 − 𝑀𝐷 𝑢𝜙̇ 𝜃̇ 𝑧 𝑐𝑜𝑠𝜙 𝛿𝑓 (𝑥 − 𝐿)

For 𝜃𝑦
0 = 𝜃̈𝑦 + 𝐽𝑝 𝜙̇ 𝜃̇ 𝑧 − 2𝜌𝑠 𝐴𝑠 𝑢̇ 𝑣𝑠𝑖𝑛𝜙
̇
− 𝜌𝑠 𝐴𝑠 𝑢𝑣𝑠𝑖𝑛𝜙
̈
−
̇
̇
𝜌𝑠 𝐴𝑠 𝑢̇ 𝜙𝑣𝑐𝑜𝑠𝜙
+ 𝜌𝑠 𝐴𝑠 𝑢𝑤𝑐𝑜𝑠𝜙
̈
− 𝜌𝑠 𝐴𝑠 𝑢𝑤
̇ 𝜙𝑠𝑖𝑛𝜙
−
̇
̈
𝜌𝑠 𝐴𝑠 𝑢𝑣𝑠𝑖𝑛𝜙
̈
− 𝜌𝑠 𝐴𝑠 𝑢𝑣̇ 𝜙𝑐𝑜𝑠𝜙
− 𝜌𝑠 𝐴𝑠 𝑢𝑤𝑐𝑜𝑠𝜙
+
̇
̈
̇
̇
𝜌𝑠 𝐴𝑠 𝑢𝑤̇ 𝜙𝑠𝑖𝑛𝜙+[𝐽
𝜃
+𝐽
𝜙
𝜃
−2𝑀
𝑢
̇
𝑣𝑠𝑖𝑛𝜙−
̇
𝑑𝑑 𝑦
𝑝𝑑
𝑧
𝐷
̇
𝑀𝐷 𝑢𝑣𝑠𝑖𝑛𝜙
̈
− 𝑀𝐷 𝑢̇ 𝜙𝑣𝑐𝑜𝑠𝜙
+ 𝑀𝐷 𝑢𝑤𝑐𝑜𝑠𝜙
̈
−
̇
̇
𝑀𝐷 𝑢𝑤
̇ 𝜙𝑠𝑖𝑛𝜙
− 𝑀𝐷 𝑢𝑣𝑠𝑖𝑛𝜙
̈
− 𝑀𝐷 𝑢𝑣̇ 𝜙𝑐𝑜𝑠𝜙
−
̇
̈
𝑀𝐷 𝑢𝑤𝑐𝑜𝑠𝜙
+ 𝑀𝐷 𝑢𝑤̇ 𝜙𝑠𝑖𝑛𝜙]𝛿
(𝑥
−
𝐿)
𝑓
For 𝜃𝑧
̇
̈
+ 𝜌𝑠 𝐴𝑠 𝑢̇ 𝜙𝑣𝑠𝑖𝑛𝜙
−
0 = 𝐽𝑑 𝜃̈𝑧 − 𝐽𝑝 𝜙̇ 𝜃̇ 𝑦 − 𝜌𝑠 𝐴𝑠 𝑢𝑣𝑐𝑜𝑠𝜙
̇
𝜌𝑠 𝐴𝑠 𝑢𝑤
̈
− 𝜌𝑠 𝐴𝑠 𝑢𝑤
̇ 𝜙𝑐𝑜𝑠𝜙 − 𝜌𝑠 𝐴𝑠 𝑣𝑢𝑐𝑜𝑠𝜙
̈
+
̇
̇
̈
̇[ 𝜙𝑐𝑜𝑠𝜙
𝜌𝑠 𝐴𝑠 𝑢𝑣̇ 𝜙𝑠𝑖𝑛𝜙
− 𝜌𝑠 𝐴𝑠 𝑢𝑤𝑠𝑖𝑛𝜙
− 𝜌𝑠 𝐴𝑠 𝑢𝑤
−
̇
2𝜌𝑠 𝐴𝑠 𝑢̇ 𝑣𝑐𝑜𝑠𝜙
̇
− 2𝜌𝑠 𝐴𝑠 𝑢̇ 𝑤𝑠𝑖𝑛𝜙
+ 𝐽𝑑𝑑 𝜃̈𝑧 −
̇
̇
̇
𝐽𝑝𝑑 𝜙𝜃𝑦 − 𝑀𝐷 𝑢𝑣𝑐𝑜𝑠𝜙
̈
+ 𝑀𝐷 𝑢̇ 𝜙𝑣𝑠𝑖𝑛𝜙 − 𝑀𝐷 𝑢𝑤
̈ −
̇
̇
𝑀𝐷 𝑢𝑤
̇ 𝜙𝑐𝑜𝑠𝜙
− 𝑀𝐷 𝑣𝑢𝑐𝑜𝑠𝜙
̈
+ 𝑀𝐷 𝑢𝑣̇ 𝜙𝑠𝑖𝑛𝜙
−
̇
̈
̇
𝑀𝐷 𝑢𝑤𝑠𝑖𝑛𝜙
−
𝑀
𝑢
𝑤
𝜙𝑐𝑜𝑠𝜙
−
2𝑀
𝑢
̇
𝑣𝑐𝑜𝑠𝜙
̇
−
𝐷
𝐷
]
̇
2𝑀𝐷 𝑢̇ 𝑤𝑠𝑖𝑛𝜙
𝛿𝑓 (𝑥 − 𝐿)
Since the above equation of motions are in non-linear
form so that we use Perturbation method for above sysR. Koirala et al. / JIEE 2021, Vol. 4, Issue 1.

1

1

3. Analytical solution of system
For analytical solutions, we used Galerkin method. By
determining shape function ∅ and further calculating
residual function (𝑅), analytical solution is obtained.
Galerkin method is expressed as:
𝐿

∫0

∅1 𝑅𝑑𝑥 =

(12)

0

For shape function Assuming the polynomial function
as,
(13)

∅1 = 𝐶0 + 𝐶1 𝑥̄ + 𝐶2 𝑥̄ 2 + 𝐶3 𝑥̄ 3 + 𝐶4 𝑥̄ 4
′

′′

′′′

Where, Calculating ∅1 , ∅1 & ∅1 and applying the
boundary conditions;
∅(0)

=

′

∅ (0) =

′′

∅ (𝐿)

=

′′′

∅ (𝐿) =

0

We ge, the value of constants as:
𝐶0 = 0,

𝐶1 = 0,

𝐶2 = 6,

𝐶3 = −4,

𝐶4 = 1

Substituting the values for constants in Eq.13, the mode
shave for v & w is obtained as,
∅1 = 𝑥4 − 4𝐿𝑥3 + 6𝐿2 𝑥2

(14)
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For calculating the mode shape for u, the boundary
conditions is:
𝑢(0) = 0,
′

𝑢 (0) = 0,

𝑎𝑡

𝑥=0

𝑎𝑡

𝑥=𝐿

Solving above Eq.
values

The shape function for first mode of vibration for u is
obtained as,
(15)

𝑥2 − 2𝑥𝐿

∅2 =

Residual function for u
𝑅

= 𝜌𝑠 𝐴𝑠 𝑢̈ 1 (𝑡)∅2 + 𝑀𝐷 𝑢̈ 1 (𝑡)𝛿𝑓 (𝑥 − 𝐿)∅2 −
′′

𝐸𝐴𝑠 𝑢1 (𝑡)∅2

(16)

𝜌𝑠

=

7850 𝑘𝑔∕𝑚3

𝐿

=

Ω

=

=

62.832

𝑀𝐷

=

3.241𝑚
2𝜋𝑁
60
3.5 𝑡𝑜𝑛

=

3500 𝑘𝑔

𝐸

=

200 𝐺𝑝𝑎

=

200 × 109 𝑃 𝑎

𝐴𝑠

=

𝜋𝑑 2
4

=

Similarly, for v,
𝑅

0.4252
4
0.14186 𝑚2

𝜋×

=
2

= 𝜌𝑠 𝐴𝑠 𝑣̈ 1 (𝑡)∅1 − 𝜌𝑠 𝐴𝑠 𝑣1 (𝑡)Ω ∅1 +
𝑀𝐷 𝑣̈ 1 (𝑡)𝛿𝑓 (𝑥 − 𝐿)∅1 −
𝑀𝐷 𝑣1 (𝑡)Ω2 𝜙1 𝛿𝑓 (𝑥 − 𝐿) +

𝐼

=

𝜋𝑑 4
64

(17)

Similarly, for w,

𝑀𝐷 𝑤1 (𝑡)Ω2 𝛿𝑓 (𝑥 − 𝐿) +

𝜋×

=

𝑢̈ 1 (𝑡) + 1.52 × 107 𝑢1 (𝑡) =

= 𝜌𝑠 𝐴𝑠 𝑤̈ 1 (𝑡)∅1 − 𝜌𝑠 𝐴𝑠 𝑤1 (𝑡)Ω2 ∅1 +
𝑀𝐷 𝑤̈ 1 (𝑡)𝛿𝑓 (𝑥 − 𝐿)∅1 −

0.4254
64
−3 4
1.6015 × 10 𝑚

=

We get,

′′′′

𝐸𝐼𝑣1 (𝑡)∅1 − 𝐹 (𝑡) 𝛿𝑓 (𝑥 − 𝐿) ∅1

𝑅

14, 15 and 16 by putting all

(18)

(22)

0

𝑣̈ 1 (𝑡) + 2.8531 × 103 𝑣1 (𝑡) − 2.2589 ×
1 × 10−4 𝐹 (𝑇 ) = 0

(23)

′′′′

𝐸𝐼𝑤1 (𝑡)∅1

𝑤̈ 1 (𝑡) + 2.8531 × 103 𝑤1 (𝑡) =
After solving we get

(19)

For 𝑉1
104
104
𝜌 𝐴 𝑣̈ (𝑡)𝐿4 −
𝜌 𝐴 𝑣 (𝑡)Ω2 𝐿4 +
45 𝑠 𝑠 1
45 𝑠 𝑠 1
9𝑀𝐷 𝑣̈ 1 (𝑡)𝐿3 − 9𝑀𝐷 𝑣1 (𝑡)Ω2 𝐿3 +
144
𝐸𝐼𝑣1 (𝑡) − 9𝐿3 𝐹 (𝑡) = 0
5

(20)
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In Pelton turbine force exerted by water jet can be determine easily. In mechanical system often excitation
forces are not harmonic function but periodic in nature.
Hence excitation force is converted to periodic function
by Fourier expansion. For calculation of forces the data
was obtained from Kulekhani-I hydropower is shown in
Table 1. Force imparted by water jet in bucket can be
given as:
𝐹𝑗 = 𝜌𝑤 𝐴𝑗 𝑉1 (𝑉𝑤1 + 𝑉𝑤2 )
Where,

For 𝑊1
104
104
𝜌 𝐴 𝑤̈ (𝑡)𝐿4 −
𝜌 𝐴 𝑤 (𝑡)Ω2 𝐿4 +
45 𝑠 𝑠 1
45 𝑠 𝑠 1
9𝑀𝐷 𝑑𝑑𝑜𝑡𝑤1 (𝑡)𝐿3 − 9𝑀𝐷 𝑤1 (𝑡)Ω2 𝐿3 +
144
𝐸𝐼𝑤1 (𝑡) = 0
5

(24)

3.1. External forced applied by jet and fourier
series representation

For 𝑈1
𝜌𝑠 𝐴𝑠 𝐿2 𝑢̈ 1 (𝑡) + 𝑀𝐷 𝐿𝑢̈ 1 (𝑡) +
4
𝐸𝐴𝑠 𝑢1 (𝑡) = 0
3

0

(21)

𝜌𝑤

: density of water

𝐴𝑗

: area of water jet

𝑉1

: velocity of water jet

𝑊𝑤1

: component velocity in the direction of jet

𝑊𝑤2

: component velocity in the direction of vane
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𝑡

And,

𝑎𝑛

=

2
2
+
𝐹 (𝑡)𝑐𝑜𝑠𝑛𝜔𝑡𝑑(𝑡)
∫𝑡1
𝜏

𝑎𝑛

=

2
2
+
𝐹 (𝑡)𝑐𝑜𝑠𝑛𝜔𝑡 𝑑(𝑡)
∫𝑡1
𝜏

𝑏𝑛

=

2
2
+
𝐹 (𝑡)𝑠𝑖𝑛𝑛𝜔𝑡 𝑑(𝑡)
∫
𝜏
𝑡1

𝑉𝑤1 = 𝑉1

𝑡

𝑊𝑤1 = 𝑘(𝑉1 − 𝑈 )𝑐𝑜𝑠𝜑 − 𝑈
Where,
’k’

: blade friction coefficient = 0.95

’𝜑’

: vane angle at outlet is 15deg

’U’

: circumferential velocity of runner

𝑈=

𝑡

We have

𝜋𝐷𝑤 𝑁
60

D𝑤

: diameter of Pelton wheel equals to 1562 mm

N
V1

: rated rpm of turbine which is 600 rpm
√
: 𝑐𝑣 2𝑔𝐻

C𝑣
H

t1

=0

t2

= 39.18/1000 Ω

𝜏

= 1/19 Ω

where t1 and t2 time of hitting and leaving the bucket.
We get,
a0

= 1.488 F𝑗

: velocity coefficient of turbine i.e,

a𝑛

=

0.3183
2

F𝑗 sin4.667n

: net head of turbine

b𝑛

=

0.3183
2

F𝑗 [1- cos4.667n]

Plugging in all value the force is calculated as 𝐹𝑗 =
3311.825 KN
For Fourier series representation of the function can be
written as 25.

Hence Fourier series can be expressed as:
∞ [
∑
1.488𝐹𝑗
0.3183
+
𝐹𝑗 .
𝐹 (𝑡) =
2
𝑛
𝑛=1
sin(4.667𝑛) cos(𝑛𝜔𝑡) +

0.3183
𝐹𝑗 .
]𝑛

(26)

[1 − cos(4.667𝑛)] sin(𝑛𝜔𝑡)

Figure 2: Excitation force on rotating turbine bucket

𝐹 (𝑡) =

∞
∑
𝑎0
+
(𝑎𝑛 𝑐𝑜𝑠𝜔𝑡 + 𝑏𝑛 𝑠𝑖𝑛𝜔𝑡)
2
𝑛=0

(25)

The coefficients of the Fourier series can be found
as
𝑡

𝑎0

=

2
2
+
𝐹 (𝑡)𝑑(𝑡)
∫𝑡1
𝜏
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Figure 3: First five Fourier resultant for all nineteen
buckets
Assuming the general solution for
𝑣(𝑡) = 𝐴0 + 𝐴1 𝑠𝑖𝑛𝜔𝑡 + 𝐴2 𝑐𝑜𝑠𝜔𝑡 + 𝐴3 𝑠𝑖𝑛2𝜔𝑡 +
𝐴4 𝑐𝑜𝑠2𝜔𝑡 + 𝐴5 𝑠𝑖𝑛3𝜔𝑡 + 𝐴6 𝑐𝑜𝑠3𝜔𝑡 +
𝐴7 𝑠𝑖𝑛4𝜔𝑡 + 𝐴8 𝑐𝑜𝑠4𝜔𝑡 + 𝐴9 𝑠𝑖𝑛5𝜔𝑡 +
𝐴10 𝑐𝑜𝑠5𝜔𝑡
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technical specifications for Kulekhani –I HPS used for
the research purpose are as listed in Table 1:

After solving Eq. 23 and 26 we get
𝑣1 (𝑡) =19.546 × 10−3 + 1.753 × 10−5

Table 1: parameter value from Kulekhani-I HP

𝑠𝑖𝑛𝜔𝑡 − 1.6755 × 10−5 𝑐𝑜𝑠𝜔𝑡+
4.1784 × 10−6 𝑠𝑖𝑛2𝜔𝑡 + 1.8972
× 10−7 𝑐𝑜𝑠2𝜔𝑡 + 5.358 × 10−7
𝑠𝑖𝑛3𝜔𝑡 + 6.143 × 10−7
𝑐𝑜𝑠3𝜔𝑡 + 4.2978 × 10

(27)

−9

𝑠𝑖𝑛4𝜔𝑡 + 1.8886 × 10−7
𝑐𝑜𝑠4𝜔𝑡 + 1.640 × 10−7
𝑠𝑖𝑛5𝜔𝑡 − 1.3603 × 10−7 𝑐𝑜𝑠5𝜔𝑡

4. Simulation
For verification of mathematical solution simulation
work was done in ANSYS 2019R3 workbench. For simulation data for the geometry was taken from KulekhaniI HEP. The specifications used for geometry construction were taken from the table of parameter value of the
vertical shaft Pelton turbine unit of Kulekhani-I HEP.
After that automatic meshing was applied in ANSYS
workbench. Static structure analysis was done for time
response where one end was fixed and periodic force
was applied at the other end along Y-axis.

Parameters
Output power
Rated rpm
Runner diameter tip to tip
Pitch circle diameter
Density of runner material
Youngs modulus of runner material
No of buckets
Width of bucket
Density of bucket material
Weight of runner-bucket assembly
Diameter of shaft
Length of shaft
Density of shaft
Youngs modulus of shaft
Weight of shaft
Diameter of nozzle
No. of nozzle

Value
31000 kw
600 rpm
2045 mm
1562 mm
8050 kg/m3
195 GPa
19
490 mm
8050 kg/m3
3.5 ton
425 mm
3241 mm
7850 kg/m3
200 GPa
(mild steel)
4.43 ton
190 mm
4

For Analytical result Eq.27 was solved. Where ‘𝑣1 (t)’
is an amplitude of vibration depending upon time. As
time increases corresponding values of amplitude was
obtained. After plotting graph for those values of time
and amplitude sinusoidal curve was formed as shown in
Figure 5, thus maximum amplitude of vibration along
Y-Axis was found to be 19.567mm. From simulation

Figure 5: Amplitude vs time (along Y-axis)- analytically
Figure 4: ANSYS Model

5. Result and discussion
For verification of mathematical model and comparison
with simulation work carried out in ANSYS by using the
data of Pelton turbine of Kulekhani-I HEP. The various
R. Koirala et al. / JIEE 2021, Vol. 4, Issue 1.

corresponding values of time amplitude was obtained
in tabular data. Hence after plotting a graph sinusoidal
curve was obtained as shown in Figure 6, from which
maximum vibrational amplitude along Y-axis was found
to be 18.068mm. As we compare the graph between
analytical and simulation for each response is sinusoidal
whereas period of each graph was found to be 𝜋5 . Maximum amplitude for Analytical solution and Simulation
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Abstract
Study of carbon footprint is an emerging field which provides statistical analysis about the
contribution of an activity on global climate change. Every human activity in daily life is
achieved at the expense of those substances which directly or indirectly contribute to global
warming. In this era of global communication, humans are habitual to know about the
ongoing changes in the world. Newspapers are one of the reliable sources for getting updated
about the global information. Paper-based newspapers come at the cost of greenhouse gas
emissions. So, this article based upon an analysis of carbon footprint of Nepal’s national
daily newspaper provides evaluation of each of the following: carbon emission during the
manufacturing of raw materials, carbon emission from fuel consumption during transportation
of raw materials, carbon emissions during the printing of newspaper and carbon emission
from the fuel consumption during the transportation of printed newspaper. During the study
period of 2019 A.D., the result shows that the total carbon emission of Gorkhapatra newspaper
was 2315.1 kg CO2 e per ton for scenario I and 2308.5 kg CO2 e per ton for scenario II. The
upshot of this study provides not only thorough information about carbon emissions but also
builds a foundation for calculation of carbon emissions from paper used in various sectors.

©JIEE Thapathali Campus, IOE, TU. All rights reserved

1. Introduction
Climate change is the most significant challenge for
achieving sustainable development in human society.
Extensive utilization of fossil fuels which lead to the
emission of greenhouse gases in the atmosphere has
already shown its effect in the form of global warming
and climate change. The IPCC Special Report on global
warming of 1.5◦ C has already mentioned that keeping
global warming below 1.5◦ C above the pre-industrial
level is only feasible if there is large reduction in the
greenhouse gas emissions [1]. Efforts have been made
to evaluate, analyze, and reduce the carbon emissions
from combustion of fossil fuels from industries and
automobiles. In addition to industries and automobiles,
many activities performed by humans daily can also
generate carbon emissions. Among them newspapers
that humans use to gather information about ongoing
∗ Corresponding

author:

sharmanukram@gmail.com (A. Sharma)

activities across the globe in the form of paper also come
in expense of a significant amount of greenhouse gas
emissions.
Newspapers are almost useful for only a short period of
time and are often dumped into waste bins after reading
once. Municipal solid waste in Nepal is composed of
16% paper and paper products which include 9% of
household waste, 45% of institutional wastes and 23%
of commercial waste [2]. Papers are made at the cost of
chopping down a large amount of trees. The quantity of
carbon in the biomass can vary from 35 to 65 percent
of the dry weight (generally 50 percent is taken as a
default value) [3]. Plants help to modulate the carbon
dioxide in our atmosphere. Harvesting trees to produce
newspapers has a direct and notable contribution to
climate change. According to the International Panel
on Climate Change (IPCC), forestry and deforestation
are responsible for as much as 25 percent of the world’s
human-caused greenhouse gas emissions.

Analysis of carbon footprint refers to the measurement
A. Sharma et al. / JIEE 2021, Vol. 4, Issue 1.
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of absolute global amount of carbon dioxide and other
GHGs attributed by a human activity or accumulated
over a life cycle of a product or service. The life cycle
concept of the carbon footprint refers to all possible
causes that give rise to carbon emissions during a process or service. Usually, a carbon footprint is expressed
in terms of CO2 equivalent, which accounts for the same
global warming effects of other greenhouse gases [4].
Carbon footprints can either consider only direct emissions or can also include indirect emissions while performing any action or producing any product.

assessment of the daily and weekly magazine is done
in Germany [16]. Similarly, the life cycle assessment
of printing and writing paper is done in Portugal [17].
Research show that the life cycle assessment of the newspaper is highly affected by the source of energy used in
the pulp to paper manufacturing. The published articles
demonstrate that the use of renewable or green energy
in Europe contributes less GHG emissions compared
to Northern America and China. Also, the percentage
of recycling of the pulp or paper also contributes to
reducing the GHG emissions.

Researches has been carried out all over the world to
analyze the carbon footprint of paper using life cycle
assessment (LCA), a powerful tool for environmental
impact quantification. More than hundreds of studies
have been published regarding the different processes
of pulp and paper making in different countries which
includes paper making in Portuguese pulp and paper
industry [5] evaluating chemical, mechanical and biopulping processes and their sustainability characterization in Canada [6], forestry processes in comparative
case study in Sweden and Spain [7] and wastewater
treatment in terms of wastepaper recycling in Spain
[8]. GHG emissions from paper making varies from
nations and within regions. Most of the cases in China
are found to be at higher emission zones, which accounts over 1500 kg CO2 e per ton of paper. In one case
about 2300 kg CO2 e per ton was used to produce coated
white board by utilization of woodchips and wastepaper
[9]. Wood Kraft pulp used to produce tissue paper in
Spain was found to consume 1875 kg CO2 e where pulp
was imported from other European countries and South
America [10]. Kraft liner paper in Brazil was found
to use only 461 kg CO2 e after modernization of boiler
from 936 kg CO2 e before modernization [11]. The variation is GHG emissions from one country to another
is due to the variation in the amount of electricity involved in processing, transportation of raw materials,
technologies adopted, etc.

Though the many research is being carried out for estimating carbon footprint of paper in different parts of Europe and Northern America, research is yet to be carried
out to analyze the life cycle assessment of the newspaper,
in the context of Nepal. This research tries to account
the emissions in the transportation of printed newspaper
to readers. Further recycling of aluminum plates is not
practiced in the Gorkhapatra, which can almost reduce
the waste generation to about 51 percent if recycled [18].
The raw materials are imported from the neighboring
countries in Nepal which ultimately increases the carbon footprint due to long distance transportation. Also,
much research have eliminated the accountings of GHG
emissions during the delivery of newspaper to readers
due to difficulty in tracing actual distribution pattern.
The distribution of printed newspaper over geographically complicated roads is also very challenging. The
recycling of the newspaper is in insignificant amounts
where the used newspapers are disposed to landfills or
burnt. Assessment of carbon emissions from paperbased newspapers in Nepal will itself be a novelty due
to geographical divergence, minimum recycling culture,
and long-distance transportations. In addition, the research will be insightful on the various activities like use
of efficient equipment and techniques to reduce emissions, reducing unnecessary power consumptions and
promoting the culture of recycling.

In recent years, research has been more focused in analyzing the carbon emissions during the printing of newspaper and comparing them with proper alternatives or
reduction potential by using advanced technologies. Research has been carried out in India by Rohit Gupta to
analyze the carbon footprint of the newsprint industry
using process analysis and Environmental input-output
model [12]. Also, the research has been carried out to
analyze the effectiveness of electronic invoicing over the
paper invoicing in terms of carbon emission reduction
by Maija Tenhunen in Finland [13]. Carbon footprint
of copying paper is also done in China [14]. The life
cycle assessment for printed newspapers is also done
in Northwestern Mexico [15]. A comparative life cycle

2. Material and methods
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2.1. Overview
An economic survey done by the governmental body
of Nepal has shown that there are a total 705 registered
daily newspapers in Nepal [19]. Aiming to calculate
the carbon footprint of a national daily newspaper in
Nepal, it is necessary to define a specific newspaper
that will be taken as the basis of analysis for the calculation. This study is entirely based on the case study
of Gorkhapatra national daily newspaper. Gorkhapatra
is a Nepali-language broadsheet newspaper published
and distributed daily in Nepal. Gorkhapatra is one of
the oldest national daily newspapers in Nepal which is
run by Gorkhapatra Sansthan. Gorkhapatra established
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its printing as a weekly newspaper in 1901 A.D. and
later reformed its version as daily newspaper in 1961
A.D. In year 2019 A.D. Gorkhapatra publication was
printing its newspaper from two publication house located at Kathmandu and Biratnagar. More than 82%
of the newspapers were printed from the Kathmandu.
Thus, this paper is entirely based upon the study and
analysis with reference to the publication house at Kathmandu. Gorkhapatra being the newspaper run under
the investment of Nepal Government is preferred by
many Nepalese for genuine news about the government
and activities being carried out by governmental bodies.
There are five separate and distinct printing processes
[20]. Among them lithographic printing is used in printing the newspaper. In offset lithographic printing the
ink image is first transferred from the image carrier to
the blanket and then to substrate.

2.2. System Boundary
Figure 1 shows the system boundary of the study. The
boundary was limited to estimate carbon emissions from
the manufacturing of raw materials, transportation of
raw materials to publication houses and carbon emission in printing the newspaper and carbon emission in
dispatching the newspaper from publication house to
distributor.

Scope for accounting greenhouse gases
Identification of all the emission sources
Identifying the type of emission source
Inventory analysis of emission in each area
Combining all data for carbon footprint assessment
Interpretation of carbon footprint assessment

Figure 2: Flowchart showing the steps adopted during
the assessment of carbon footprint
the power consumption in the printing of paper along
with the emission due to the fuel consumption during
the transportation of printed newspaper were taken into
account of calculation.

2.4. Calculation Method
For calculating the overall emission of a newspaper, the
emission at various stages were accounted and added
as shown in Eq. 1.:

Manufacturing of raw materials

E
Transportation of raw materials
Printing of newspaper

=

∑(

E𝑅 + E𝐶𝑜 + E𝐶𝑎 + E𝑃 + E𝐷𝑁

)

(1)

And,
E𝑅

= E𝑁 + E𝐼

E𝐶𝑜
Dispatching of newspaper

E𝐶𝑎

= E𝐹 + E𝐿 + E𝐴
∑
=
E𝑇

Figure 1: System boundary of carbon footprint of newspaper

E𝑇

= FCpKm × DT × FoT

E𝐷𝑁

= FCpKg × TWoN
∑
=
E𝑃 𝐶

E𝑃

2.3. Methodology
This research methodology is based upon the screening life cycle assessment of newspapers done as per the
‘Life cycle assessment Requirements and guidelines’
ISO 14044 (ISO 2006) [21]. The life assessment includes major activities and constituents during the analysis. The steps of the assessment are shown in Figure
2
During the assessment of the carbon footprint, the emissions during the manufacturing of major raw materials
like paper, aluminum plate and ink were taken from various sources. The emissions due to the fuel consumption
during the transportation of raw materials to publication house were considered, and the emissions due to
A. Sharma et al. / JIEE 2021, Vol. 4, Issue 1.

Where,
E

: Overall emission for the newspaper for a
year

E𝑅

: ERaw materials is the carbon emission due to
consumption of raw materials for a year.
Newspaper and Ink are the major raw materials.

E𝐶𝑜

: EConsumables Consumables represents the
carbon emission due to the chemicals used
during printing like fountain solution, lubricants and aluminum plate used during
lithographic offset printing.
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E𝐶𝑎

: ECarriageinwards is the emission due to the
fuel consumed during the transportation
of raw materials and major consumable
items.

E𝑃

: EPrinting represents the emission due to
power consumed during printing the newspaper.

E𝐷𝑁

: EDispatching Newspaper represents the emission due to the fuel consumption during
the dispatch of printed newspapers.

E𝑁

: ENewsprint paper

E𝐼

: EInk

E𝐹

: EFountainsolution

E𝐿

: ELubricants

E𝐴

: EAluminumplate

E𝑇

: Emission due to Transportation of Raw
Materials and Consumable Items

FCpKm

: Fuel consumed per Km

DT

: Distance Travelled

FoT

: Frequency of Transportation

FCpKg

: Fuel consumed per kg

TWoN

: Total Weight of Newspaper

E𝑃 𝐶

: Power Consumption

2.5. Carbon Emission Factors
The emission factors were derived from the various
literature reviews since the local data were not available.
i The emission factor for the newspaper was taken
as 1650 kg CO2 e per ton considering 5% of recycled paper usage during paper manufacturing
[22].
ii The emission factor for the printing ink was taken
as 2.5 kg CO2 e per kg and for fount was taken as
2.0 kg CO2 e per kg [23].
iii The emission factor for the electricity was taken
assuming the electricity to be generated from the
coal. For this, the emission factor is taken from
the literature review of Indian research article.
The emission factor is taken as 0.911 Kg CO2 e
per kWh obtained from the 250 MW plant which
was analyzed in a coal thermal plant in India over
two years by Chakraborty et al. [24].
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iv The emission factor for the petrol was taken as
2.45 kg CO2 e per liter and for the diesel 2.69 kg
CO2 e per liter was taken [25].
v The emission factor for the aluminum plate was
taken as 16.5 kg CO2 e per kg [26]
vi The emission factor for the lubricants was taken
as 2.82 kg CO2 e per liter [27].

2.6. Data Collection
The data was mainly collected from the Gorkhapatra
publication located at Kathmandu about the consumption of raw materials, chemicals, and power during the
printing of newspapers. The information regarding the
location of supplier and modes of transportation for
the raw materials were also collected from the stores
department of publication. For the calculation of fuel
consumption during the transportation of raw materials
from the dry port in Birgunj to publication house, random sampling was done for 30 trucks carrying cargo
from Birgunj to Kathmandu and the fuel consumption
per kg was calculated taking the mean of the samples.
Similarly, the information regarding the number of readers across the country and the modes of transportation
for dispatching printed newspapers were collected from
the dispatch department. To calculate the fuel consumption in the transportation of printed newspapers across
the 77 districts of Nepal, 30 random samples of bus
were taken from the 19 bus routes from the district of
publication: Kathmandu. For calculating the fuel consumption per kg, total weight of cargo and passengers
in the bus was added and the total fuel consumption in
the route was accounted.

3. Result and Discussion
3.1. Consumption of raw materials
The annual consumption of the raw materials like paper
and ink for the printing of newspapers for the year 2019
A.D. were collected from the Gorkhapatra publication.
Other necessary items include aluminum plate, fountain
solution, lubrication, and source of power. The annual
consumption of paper and ink are shown in Figure 3
and 4, which shows the fluctuations throughout the year
depending upon the sales and the volume of individual
paper according to news content.
The annual consumption of standard newsprint paper
and ink were found to be 847215 kg and 26795 kg over
a period of one year.

3.2. Transportation of Raw materials
The mode of transportation for raw materials from supplier to publication is via road. The frequency of transportation for paper roll is 20 times per year, for aluPage 45
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was found to be 85714.29 kWh. In Gorkhapatra, the
electricity used during printing is obtained from hydroelectricity which is green energy, thus the total carbon
emission in printing is zero for the Scenario I. However,
if the same printing activity is done using the electricity
obtained from coal thermal plant, then the total carbon
emission during printing will be equal to 78000 kg CO2 e
in the Scenario II. Annually, 9321.85 Kg of aluminum
plate of dimension 546 mm × 720 mm × 0.35 mm is
used for offset printing. The annual consumption and
equivalent CO2 emissions from different sources are
shown in Table 1.
Figure 3: : Paper Consumption in the Year 2019 A.D.

Figure 4: Ink Consumption in the Year 2019 A.D.

minum plates and ink is 1 time per year using 42-ton
capacity containers from India to dry ports located in
Birgunj of Nepal. The fuel consumption during the
transportation from supplier to dry port is calculated
using the standard fuel consumption taken from the fuel
consumption statistics for heavy duty vehicles in India. [28]. For transporting the raw materials from dry
port to publication house, 11-ton two axle right chassis
truck is used which constitutes majority of total cargo
transportation in Nepal. The frequency of paper roll
is 77 times per year, for aluminum plates is 1 time per
year and for ink is 3 times per year from the dry port to
Kathmandu. For calculation of fuel consumption per kg
during the transportation of raw materials from dry port
to Kathmandu, a sample to 30 trucks were taken. The
average of the sample was found to be 7.88 litre of diesel
per 1000 kg cargo. Thus, the total carbon footprint during the transportation of raw materials to the publication
house was found to be 53605.53 kg CO2 e.

3.3. Printing of Newspaper
Newspapers are printed using the printing press which
is run with electricity. The total electricity consumed
by all the electrical appliances in the year 2019 A.D.
A. Sharma et al. / JIEE 2021, Vol. 4, Issue 1.

3.4. Dispatching of Newspaper
The newspaper readers of the Gorkhapatra are present
throughout the geography of Nepal as shown in Figure 5. The printed newspapers are distributed from the
printing press located in Kathmandu to the predefined
delivery points across various parts of Nepal via road
transportation. The delivery of newspaper from the delivery points to the customers is done via bicycle or hand
to hand distribution. For calculation of fuel consumption per kg during the delivery of printed newspapers,
fuel consumption per kg was calculated among the 30
buses in various bus routes and the mean of the sample
was taken. The total fuel consumption was calculated
to be 15067.73 litre of diesel over a year which is equivalent to 40532.2 kg CO2 e.

Figure 5: Reader Distribution of Gorkhapatra across
Nepal [29]

3.5. Total Carbon Emissions
In first scenario, the total carbon emission in printing is
zero. The carbon emission from the manufacturing of
raw materials and consumables comprises 89.68% of total emission. The carbon emission during the transportation of raw materials and dispatch of printed newspapers
comprises 2.96% and 2.24% respectively.
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Table 1: Emission source and their respective carbon footprint
S.N.

Emission Source

Unit

Annual Consumption

1
2
3
4
5
6
7
8

Srandard Newsprint paper
Ink
Aluminum plate
Fountain Solution
Lubricant
Electricity Consumption
Petrol Consumption
Diesel Consumption
TOTAL

Ton
Ton
Ton
Ton
L
kWh
L
L

847.22
26.80
9.32
1.34
500.00
85714.29
18000.00
18000.00

Emission Factor
(kg CO2 e/unit)
1650.00
2500.00
16500.00
2000.00
2.82
0.91
2.45
2.69

Ton CO2 Equivalent (tCO2 e)
Scenario I Scenario II
1397.90
1397.90
66.99
66.99
153.81
153.81
2.68
2.68
1.41
1.41
0.00
78.00
44.10
44.10
48.42
48.42
1793.31
1793.31

As the newspaper are one of the basic need of people,
the newspaper must be printed even if there is not supply
of green energy. In the second scenario, it is assumed
that the electricity used during printing is obtained from
a coal thermal plant. The power consumed in printing
the newspaper comprises 4.13%. The carbon emission
from the manufacturing of raw materials and consumables comprises 85.97% of total emission. The carbon
emission during the transportation of raw materials and
dispatch of printed newspapers comprises 2.84% and
2.15% respectively. The power consumed in printing
the newspaper comprises 4.13%.

Figure 7: Percentage Wise Distribution of Carbon Footprint of Newspaper (Scenario I)

Figure 6: Comparison of Carbon Footprint of Gorkhapatra with Other Newspapers

Combining all the individual inventories the cumulative
carbon footprint of Gorkhapatra newspaper was found
to be 2212.1 kg CO2 e per ton which is equivalent to
59.37 g CO2 e per unit newspaper for the first scenario.
For the second scenario, the cumulative carbon footprint of Gorkhapatra newspaper was found to be 2308.5
kgCO2 e per ton which is equivalent to 61.92 g CO2 e
per unit newspaper. A similar research in the US on life
cycle carbon footprint of National Geographic magazine has shown the carbon footprint as 2370 kg CO2 e
per ton [22]. Another research carried out in Finland
considering 100% landfill disposal of newspapers has
A. Sharma et al. / JIEE 2021, Vol. 4, Issue 1.

Figure 8: Percentage Wise Distribution of Carbon Footprint of Newspaper (Scenario II)
the carbon footprint is in the range of 1360–1410 kg
CO2 e per ton. Additionally, the same research shows
the carbon footprint of the book in Finland is approximately 2300 kg CO2 e per ton. Due to high involvement
of green energy in Finland the first scenario of study is
compared with the newspaper of Finland. The very less
amount of emission in newspapers in Finland might be
due to the high volume of green energy involved in the
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electricity grid [30]. As coal thermal plant has more
share on electricity in the United States, the second scenario is shown in comparison to National Geographic
magazine.

3.6. Prospects of Reduction in CO2
Emissions
With the evolution of concept of reducing GHGs for sustainability of the world, the global debates have time and
again pointed the use of paper printing and paper-based
products as environment destructive medium, notwithstanding the fact that many of the printing media are
now operating on renewable energy. Though there is
use of electricity in printing, there are many common
steps that can be adopted in Gorkhapatra Sansthan to
bring down the negative influence on environment by
controlling process wastes in energy, printing substrates,
ink, wash up solvents, etc.
Most of the electricity used for printing is expended during the operation of motor drives in machines. Use of
energy efficient motors in the machines can contribute
significantly to reduce energy consumption. Adoption
of news technologies for faster presses, cutters and trimmers can increase productivity and flexibility in printing
process. Shifting towards the use of high productivity
web presses which operate at higher speed of 3000 feet
per minute and use of wide web press format to reduce
the number of makereadies, wastes can be beneficial
in reducing carbon footprint. [31, 32]. Installation of
press temperature controls having potential to eliminate
variables causing deficiencies and inconsistencies in
offset printing to correct wastes and reworks can be executed [33]. Substituting incandescent lights with high
energy efficient compact fluorescent lamps (CFL) and
light emitting diodes (LED) bulbs in the entire factory
can also reduce emissions.
Reduction in the internal paper losses through a better
stock management can be done to reduce paper losses.
Changes in the font size, line spacing and margins, reducing header and footer, eliminating redundant texts
from reports and articles as well as reducing the size
of images can lessen the bulk of paper consumption.
Further, use of recycled paper in the place of fresh rolls
for printing can ultimately reduce the carbon emissions.
Reviewing the paper quality in terms of gram per square
meter and carbon emissions can also be done to reduce
contribution of paper in overall carbon footprint newspaper. Regular energy audit supported by proper planning
and implementation could be a path stream for CO2
neutralized print for Gorkhapatra Sansthan.
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4. Conclusion
This study demonstrated a screening life cycle assessment approach for evaluating the carbon footprint of
national newspaper in the context of Nepal. The results
indicated that the carbon footprint of printing a 1000kg
newspaper was 2315.1 kg CO2 e and 2308.5 kg CO2 e
for scenario I and scenario II respectively. The carbon
footprint of one ton of newspaper, considering scenario
II is equivalent to carbon sequestrated by three hundred
sixty-four 25-years old pine trees over a period of one
year [34]. This study provides a framework for studying
carbon emission reduction potential of the newspaper.
Similarly, this research also promotes the development
of mechanisms for the local inventory analysis on carbon emission. For the future carbon reduction in the
newspaper, it is essential to reduce fossil fuel energy
consumption as well as improve energy efficiency. This
research also provides avenues for recycling of newspaper to cut off national carbon emission from newspaper.
In addition, future research can be done to analyze the
benefit of using e-paper over printed newspaper in terms
of carbon emissions.
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Abstract
Biomass cookstove is widely used in the rural areas of Nepal for cooking and space heating.
Its thermal and emission performance keeps importance environmentally, economically and
socially. Chimney operated two pot raised mud Improved Cookstove (ICS) is one of Nepal’s
most promoted cookstoves. The goal of this study is to evaluate the thermal and emission
performance. Thermal and emission performance has been obtained by water boiling test
and emission parameters have been measured by using Laboratory Emissions Monitoring
System (LEMS). The thermal efficiency of cookstove has been improved from 17.99% to 24.7
% i.e. Tier 1 to 2 with the fabrication of appropriate material and accessories. Similarly total
emission performance has been found in Tier 1 and fugitive emission performance has been
found in Tier 5. Experimental results of thermal efficiency and fugitive emission complied
with the performance target of the cookstove.

1. Introduction
Biomass is one of the readily available sources of renewable energy that has long been used for the purpose
of cooking and space heating. In the context of Nepal.
About 60.9% of Nepalese people are using fuelwood for
cooking purposes [1]. By enhancing thermal efficiency
and combustion performance, the use of improved cookstove can reduce energy consumption, contribute to environmental aspects and human health [2]. By improving
the thermal efficiency of cookstove and by optimally
using the biomass fuel, fuelwood consumption and subsequent environmental pollution can be reduced [3].
Around 1.3 million improved cookstoves have been disseminated to date, and about 2 million people are still
using traditional cookstove.
Thermal efficiency can be increased by using appropriate chimney in the cookstove for draft and to reduce
indoor air pollution [4, 5], optimum combustion chamber height for complete combustion [6], optimum side
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opening for air fuel mixture inlet [7], size of interconnecting tunnel to create the turbulence of the inflowing
air [7], better thermal properties and structural strength
[8] .
The primary air entering through the grate is heated by
the char and ash which results in better combustion and
increases thermal efficiency of the coostove [9]. The
thermal efficiency of the cookstove can be improved by
garte from 3% to 5% [10].

Cookstoves have multiple advantage such as carbon
credits, their contribution to climate-change mitigation
as well as yield significant co-benefits in terms of energy
access for the pro poor people. Furthermore, they can
result in improved rural health, environmental, agricultural and economic benefits [11].

Most of the people are using traditional cookstove which
has low thermal efficiency and emission performance.
It is affecting adversely economic, environmental and
human health. So, thermal and emission performance
keeps importance for promotion of better cookstove in
the rural area.
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The objective of this paper is to test thermal efficiency
performance and emission performance.

2. Materials and methods
This includes performance test of existing cookstove, its
dimensional modification (i.e. the height of combustion
chamber, the height of chimney, the area of interconnecting tunnel, the opening), use of 2 cm grate and use
of insulation in the interior surface of combustion chamber. During performance test, thermal and emission
performance have been measured.
Thermal efficiency test of cookstove has been done by
water boiling test of version 4.2.3.
Cookstove’s performance test has been done by water
boiling test at Renewable Energy Test Station Lab, Khumaltar Lalitpur.
Thermal efficiency of cookstove has been performed by
high power test with certain deviation. In this process,
water has been heated for one hour time with feeding
constant fuelwood with using test protocols of Water
Boiling Test 4.2.3. version [12]. Constant feeding rate
helped to supply constant power supply in the cookstove.
Exploring stove performance at both high and low power
output provides some indication of how a stove performs
in a variety of cooking conditions [13]. An excel sheet
provided by Global Alliance for clean cookstove has
been used for the calculation of thermal efficiency of
cookstove.
During water boiling test, emission parameters have
been measured by using Laboratory Emissions Monitoring System (LEMS) manufactured by Aprovecho
Research Center. During emission measurement, Carbon monoxide (CO) and Particulate Matter (PM2.5)
production per MJ delivered to the pot has been measured. Particulate Matter (PM2.5) has been measured by
using gravimetric system which gives a direct measurement of total PM using filter-based sampling. Similarly,
leakage emission (Fugitive emission) after removing air
from chimney has also been measured.
Clean cooking alliance [14] has developed five indicators thermal efficiency, Carbon Monoxide Emissions (gram/megajoule delivered), Fine Particulate Matter Emissions (milligram/megajoule delivered), Safety
score, and durability score from Tier 0 to 5. Tier 0 represents performance typical of open fires and the simplest
cookstoves. Among them, first three indicators has to
be determined in laboratory shown in Table 1.
The Tier performance of cookstove has been obtained
by linear interpolation of the data and Tier data provided
by Clean Cooking Alliance as shown in Table 1.
H. B. Darlami et al. / JIEE 2021, Vol. 4, Issue 1.

Table 1: Voluntary performance target
Tier
5
4
3
2
1
0

Thermal
Efficiency (%)
⩾ 50
⩾ 40
⩾ 30
⩾ 20
⩾ 10
< 20

CO Emissions
(g/J𝑑 )
⩽ 3.0
⩽ 4.4
⩽ 7.2
⩽ 11.5
⩽ 18.3
> 18.3

PM2.5
(mg/J𝑑 )
⩽5
⩽ 62
⩽ 218
⩽ 481
⩽ 1031
> 1031

Performance tests of cookstove have been done for initial dimension coostove, best dimension cookstove with
dimension modification in the initial dimension cookstove, use of grate and insulation in best dimension
cookstove.

3. Result and discussion
3.1. 3.1 Thermal efficiency and tier
performance
Thermal efficiency of the cookstove is shown in Table
2 under various conditions. Thermal efficiency of initial dimension cookstove have been found 17.99% i.e.
its Tier performance has been found 1.8. Its thermal
efficiency has been raised to 22.4% with dimensional
modification i.e. Tier performance 2.24. Its thermal
efficiency has been found highest with the use of an insulating layer on the inner surface of combustion chamber
cookstove. It thermal efficiency has been found 24.7%
and Tier performance has been found 2.47.
Table 2: Thermal efficiency and Tier of the cookstove
Stove type
Initial dimension
Best dimension
Best dimension
with
2cm grate
Best dimension
with
insulation
Best dimension
with insulation
and 2cm grate

Thermal
Efficiency (%)
17.99
22.40

Tier

23.64

2

23.63

2

24.70

2

1
2

3.2. 3.2 Emission result and tier
performance
Emission performance has been measured during thermal efficiency test. In first test, total emission emitted
by cookstove has been measured and tabulated in Table
3. The emission of Carbon monoxide per unit of energy
supplied to the pot has been found 11.9 to 14.3 g/MJ𝑑
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i.e. Tier performance 2. Similarly, PM2 .5 emission per
unit of energy supplied to the pot has been found 545
to 776 g/MJ𝑑 i.e. Tier 2 performance.

Table 3: Total emission parameters obtained during
experiment
Stove type
Initial dimension
Best dimension
Best dimension
with
2cm grate
Best dimension
with
insulation
Best dimension
with insulation
and 2cm grate

CO
(g/MJ𝑑 )
11.9
13.4

Tier

Tier

1.94
1.72

PM2.5
(mg/MJ𝑑 )
545
650

14.3

1.59

676

1.65

1.88
1.69

12.3

1.88

550

1.87

13.1

1.76

650

1.69

In second test, only leakage emission (Fugitive emission) after passing flue gas from chimney been measured
and tabulated in Table 4. Carbon monoxide emission
per unit of energy supplied to the pot has been found
0.09 to 0.11 g/MJ𝑑 which lies in Tier 5 performance.
Similarly, PM2.5 emission per unit of energy supplied to
the pot has been found to be 4 to 5 mg/MJ𝑑 which lies in
Tier 5 performances which meets the quality of indoor
pollution. So, after removal of exhausted gas through
chimney, kitchen performance has been improved. In
the absence of chimney, total emission total emission
will be more than standard. So, leakage emission from
cookstove may cause indoor pollution.
Table 4: Indoor emission parameters obtained during
experiment
Stove type
Initial dimension
Best dimension
Best dimension
with
2cm grate
Best dimension
with
insulation
Best dimension
with insulation
and 2cm grate

CO
(g/MJ𝑑 )
0.11
0.11

Tier

Tier

5
5

PM2.5
(mg/MJ𝑑 )
4
5

0.11

5

5

5

0.09

5

5

5

0.09

5

4

5

5
5

3.3. Comparison of tier performance
Thermal efficiency, total and fugitive CO and PM emissions have been compared.

Thermal efficiency and total emission performance comH. B. Darlami et al. / JIEE 2021, Vol. 4, Issue 1.

Figure 1: Thermal efficiency and total emission comparison
parison shown in Figure 1. The thermal efficiency of
existing cookstove has been found lowest tier in initial
dimension and in increasing trend with fabrication in
appropriate dimension, material and accessories. In this
type of cookstove, it has been found that CO emission is
better than PM emission in all cases. In best dimension
cookstove, thermal performance has been increased but
emission performance has been decreased. This is due
to decrease of combustion chamber height, this results
reduction of height for flame development. With the
use of grate in best dimension, thermal performance
has been increased but emission performance has been
decreased. This is due to further reduction in height
between the bottom surface of the pot and bed of the
cookstove. With the implementation of insulating layer
in the combustion chamber, thermal and emission performance has been improved. This is due to increase
of temperature of combustion chamber which results
better pyrolysis and complete combustion. Thermal performance has been found to be more enhanced with the
use of insulation layer and grate of 2cm thickness, but
emission performance has been found to be almost the
same as best dimension cookstove. In all cases, CO and
PM emission are in same trend which is also observed
by Agenbroad [5].
Thermal and fugitive emission performance comparison shown in Figure 2. In all cases, thermal efficiency
performance has been increased gradually and emission
performance has been increased to highest rank Tier
5. This meets the requirement for indoor pollution of
kitchen
After use of chimney, flue gas has been removed to
outside and only leakage cause emission in the room.
Comparison of CO and PM2.5 emission between total emission and fugitive emission shown in Figure 3.
This shows that fugitive emission has been found within
the standard. Kumar et al also concluded that chimPage 52
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Abstract
In context of digital manufacturing platform, Nepal is at an early stage of 3DP’s application.
The major objective of this research is to collect the application status of 3DP technology
in Nepal. This paper presents a brief review of 3DP technology and case study conducted
through survey on application of 3DP in Nepalese environment. The research showed presently
professional and research based organization holds higher coverage among 40 different organizations spread over seven districts of the country. The major findings of the study is
that the technology is in use since 2011 and was found increasing from 2015 only. Product
examples of such application in Nepal were found more concerned to medical consumables
and components of student research project.
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3D

: Three dimensional

USA

: United States of America

CNC

: Computerized Numerical Control

MS

: Micro-Soft

CAD

: Computer Aided Drawing

AM

: Additive Manufacturing

RP

: Rapid prototyping

MIT

: Massachusetts Institute of Technology

FDM

: Fused Deposition Modeling

FFF

: Fused filament fabrication

EBM

: Electron Beam Melting

SLM

: Selective Laser Melting

SHS

: Selective Heat Sintering

SLA

: Stereo Lithography Apparatus

DLP

: Digital Light Processing

CLIP

: Continuous Liquid Interface Production

LOM

: Laminated Object Manufacturing

UV

: Ultraviolet
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1. Introduction
3DP is an example of an exciting technology being used
to fabricate physical solid models for early verification
of concepts, e.g., form, fit, and function as well as reducing lead-times for product development [1]. 3DP is also
known as Additive Manufacturing, AM [2, 3, 4]. It is a
process in which a 3D physical model is printed from
a digital design. It is fundamentally a different way of
producing parts compared to traditional manufacturing
technologies [5].
One of the key advantages of 3D printing is the ability
to produce very complex shapes or geometries, and a
prerequisite for producing any 3D printed part is a digital
3D model or a CAD file. There exists a large variety
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of 3D printers and technologies that needs to select for
specific application and use a variety of materials, such
as wax, plastics, metals and many more [6, 7].

The use of AM in each country can vary depending
on the development of additive manufacturing in the
country and also depends on the local needs of the country [8]. According to the report published by Grand
View Research, Inc in February, 2020, North America
accounted for the largest market share on the extensive
adoption of 3D printers for 3D designing, modeling,
and manufacturing in various industries. On the other
hand, Asia Pacific has emerged as a manufacturing hub
owing to an expanding consumer base as well as the
continued rise in foreign investments [9].
Research on AM’s use is still growing in various countries. More research on the use of AM and the impact
of this use is still needed for future development [10].
In this context, application of 3DP in Nepal is still at
an early stage and being used in different sector with
multipurpose.

3DP technology has emerged during recent years as
a flexible and powerful technique in various industry.
Therefore, to create alertness of technology and collect
the present scenario of its application in Nepal, this research has been conducted. This research covers the
overview of 3DP technology, raw materials and field
of application in general following different literatures.
Various findings from the survey conducted through the
questionnaire are discussed. This research is expected to
be helpful for researchers, entrepreneurs and organizations those who are concerned of 3DP in Nepal.

sub category under those processes are summarized in
Table 1
The raw material which 3D printing processes may use
to create 3D objects varies greatly from technology to
technology. The material comes in the form of powders, filaments, liquids or sheets. While some material
like thermoplastics can be melted and re-melted several times, others like thermosetting polymers cannot
be melted back into a reusable liquid form as their internal composition changes once they are melted [19].
The major application area and possible raw materials
used on different 3DP technology are listed on Table
2.

Application sector of 3DP is broad and can be categorized in various ways. According to Taufik M. et al.
2016, various kind of 3DP uses can be divided into three
sectors: health, industrial, and sociocultural with different sub-sector of 3DP applications [20, 21].

1.2. FDM based 3D printers
FDM or FFF is a type of additive manufacturing that
uses a continuous filament of a thermoplastic material
and builds a part by heating and extruding this thermoplastic filament through a moving, heated extrusion
print head one layer each time [12, 13].

1.1. 3D printing technology and
materials
Charles Hull is the founder of 3DP-SLA in 1984
whereas Scott Crump is the founder of 3DP-FDM technology in 1989 [10]. Those were successful in making
plastic and nylon parts. Dr. Carl Deckard and Dr. Joe
Beaman developed SLS process at the University of
Texas in the mid-1980s which was the only technology
at that time to make prototyping parts in metals. In
the early 1990s, the MIT invented inkjet 3D printing,
known as 3DP. The 3DP revolution was started in 2005
with the open-source project called RepRap. Most 3D
printers use FDM and SLA technology. They use opensource hardware and software to operate. With the advancement of computer technology and electronics and
software, these 3D printers are the future [10].
There are varieties of 3D printing technologies developed with the different function. The basic processes
involve Material Extrusion, Powder bed Fusion, Vat
Photo-polymerization and Sheet Lamination [11]. The
R.K. Chaulagain et al. / JIEE 2021, Vol. 4, Issue 1.

Figure 1: Common components of a FDM based 3DP
[22]
In general, 3D printers have five common parts: input
material, print head, build plate, axes, and 3D design file
as shown in Figure 1. 3D-printed parts begin as input
material in the form of solid filament which is deposited
at the tip of the print head. It includes pushing filament
through a metal extruder. The build plate is the base
(flat surface) upon which the part is constructed. At
the beginning of the 3D printing process, the print head
is nearly touching the build plate. As more layers are
added to the part, the distance between the print head
and the build plate increases. The axes move the print
head relative to the build plate. This enables the 3D
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Table 1: Types of 3DP technology, Adapted from [11]
Process

Technology

Material
Extrusion

FDM

3DP
EBM
Powder bed
Fusion

SLM
SHS
SLS
SLA

Vat Photo
Polymerization

DLP
CLIP

Sheet Lamination

LOM

Technology Description
It uses a continuous filament of a thermoplastic material and
builds a part by heating and extruding this thermoplastic filament
through a moving, heated extrusion print head one layer each
time [12, 13].
A thin layer of the powder material is spread onto the fabrication
platform and an inkjet print head moves across the powder bed
depositing a liquid binding material that joins the powders [14].
It is based on a melting process which uses a metal powder and
an electron beam. The material is spread on the building platform
and heated by an electron beam [15].
Powdered material is spread over the fabrication bed and melted
or sintered by a high powdered optic laser. In this process the
metal material can be fully melted [16, 17].
Material is fed from the powder deposition tanks, heated to just
below its melting point, spread out into a thin layer over the
movable building platform and flattened using a roller [14].
It uses a high power laser to sinter small parts of powdered
material aiming at specific points across a powder bed [12, 13].
It uses an ultraviolet (UV) laser which is focused on the top
surface of the resin which hardens precisely where the laser hits
its surface [12, 13].
It uses a digital projector screen to flash a single image of each
layer across the entire platform at once [12, 13].
A beam of ultraviolet light is projected through an oxygenpermeable window into the vat of liquid resin, illuminating the
precise cross-section of the object [18]
A laminated sheet of material is spread through a roller mechanism and computer controlled laser cuts the coated material to
form the desired shape of the object [12].

Table 2: Raw materials and application of different technology [11, 12, 13, 14, 15, 16, 17, 18, 19]
Technology

Raw Materials

FDM

Thermoplastic polymers, Ceramic slurries, Metal pastes, Eutectic metals

3DP, SLS,
SLM

Polyamides, Polymer, Ceramic, Metal,
Glass powders, Thermoplastics, Nylon

SLA

Photopolymers, Ceramics, Semi-flexible
materials, ABS

LOM

Polymer composites, Ceramics, Paper
and metal filled tapes

printer to create a particular pattern for each new layer
of material. The final part is made up of the patterns in
each layer, stacked on top of each other. The 3D printing
process is governed by a digital 3D design file. This file
provides instructions to the 3D printer that describe how
to move the axes, which in turn move the position of the
print head relative to the build plate. The file controls
R.K. Chaulagain et al. / JIEE 2021, Vol. 4, Issue 1.

Application
Prototyping , Biomedical, Toys , Advanced composite parts, Home use applications , Food technology, Buildings,
Construction
Biomedical , Electronics, Aerospace,
Lightweight structures, Heat exchangers
Biomedical, Excellent for form testing,
Best process for water resistant material,
Prototyping
Paper manufacturing , Foundry industries, Electronics Biomedical , Ideal for
nonfunctional prototypes, Smart structures

exactly what patterns are produced in each layer; this
determines which kind of part is produced by the 3D
printer [22].
A typical 3D printing process starts with either a 3D scan
of a real-world object, or with the creation of a digital
representation of such object in a CAD soft-ware packPage 57
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age. The shape and other characteristics of the object
are then stored in specialized file formats. After fixing
potential errors in the digital representation of the object,
specialized software transforms the representation into
sliced instructions for a 3D printer, which then creates
a three-dimensional reproduction of the original object.
Once the actual printing is done, high-resolution postprocessing techniques are often applied, either compensating shortcomings of the 3D printing process or increasing the quality or resolution of the produced object.
As there are no limitations in the digital representation
of real-world objects, at least conceptually, nearly any
shape or geometry can be reproduced with a 3D printer
[23]. Emerging use of 3D printing technology is prevalent in automotive, manufacturing, aerospace, pharma
& healthcare, fashion, retail and sports [24].
Mainly two types of 3d printer exist in the market; Desktop 3D printers and Industrial 3D printers [25]. Both
desktop as well as industrial 3DP segment are further divided into hardware, software and services. The higher
share of the industrial printer segment can be attributed
to the extensive adoption in heavy industries, such as automotive, electronics, aerospace and defense, and healthcare. Prototyping, designing, and tooling are some of
the most common industrial applications of the product
type. The education sector, which comprises schools,
educational institutes, and universities, is also deploying desktop printers for technical training and research
purposes. Small businesses are particularly adopting
desktop printers and are diversifying their business operations to offer 3D printing and other related services
[26].
Most FDM systems allow the adjustment of several
process parameters, including the temperature of both
the nozzle and the build platform, the build speed, the
layer height and the speed of the cooling fan. These are
generally set by the operator, so they should be of little
concern to the designer. From a designer’s perspective,
build size and layer height are major concerns. The
typical layer height used in FDM varies between 50 and
400 microns. A smaller layer height produces smoother
parts and captures curved geometries more accurately,
while a larger height produces parts faster and at a lower
cost. A layer height of 200 microns is most commonly
used. The available build size of a desktop 3D printer
is commonly 200 x 200 x 200 mm, while for industrial
machines this can be as big as 1000 x 1000 x 1000
mm. If a desktop machine is preferred (for example
for reducing the cost) a big model can be broken into
smaller parts and then assembled. [27].
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2. Research Methodology
Presently, as the 3DP technology is highly emerging in
Asian countries [8], there can be found the application
of 3DP using in different sector and places over Nepal
also. But there is a lack of compiled data base of the
technological use by different organizations working
on this sector. Therefore, the objective of this research
has been focused to summarize the present scenario of
3DP in Nepalese environment through data analysis of
collected data from survey.
A general methodology was adopted to conduct the research to fulfill the objective developed. Technological
review was conducted and questionnaire was developed
to collect the primary data. The collected data were
tabulated, summarized in the form of graph using MSexcel and analyzed accordingly. Finally, the conclusions are presented on the basis of objective of this
research.

2.1. Limitations of the research
This research was conducted within framework of the
objective with the following limitations.
i Total numbers of concerned respondents identified was 40.
ii All the 3D printers mentioned are in working
condition.
iii Analysis is based on the data of response.
iv Time frame of the data collection was from
November, 2019 to April, 2020.

2.2. Primary data collection from
survey
For this, questionnaire was prepared to have quick response from the 3DP concerned organizations. It was
focused on working sector, year of involvement, model
and quantity of 3DP unit available. The individuals
or organizations even having a single 3DP unit were
listed from all over Nepal to reach a maximum count as
far as possible. The list was prepared with support of
different personnel working in this field from different
organizations of Nepal. For the collection of data from
the respondents, different mediums of communication
were used; field visit, e-mail, telephone and organizational website as well. Total 40 concerned organizations
were listed from all over Nepal and followed for the response through feasible medium of conversation. All
the questions weren’t equally responded by all concerns
so the analysis was conducted as per the data collected.
Respondent chart summarizing the response for major
questions is presented on Figure 2.
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replied their focus area of working with 3DP. From the
data collected, those were categorized under health, professional, marketing, educational and student research
as major involvement though other concerned are also
performed. Here the category health includes the 3DP
organization involving in medical equipment, prosthetics and humanitarian aid. Professional organization covers manufacturing of the commercial type of industrial
products or any other prototypes whereas the marketing
covers the supply of 3D printers.

Figure 2: Number of respondent on questionnaire response

3. Findings and discussion
The data collected were compiled in the form of table with a comparative nature. Furthermore, the tabulated data were categorized on four different cluster
and graph were plotted for the comparative summary in
MS-excel.

Similarly, educational institutions covers the technological training of 3DP and category student research
covers the organizations those are supporting the solid
modeling activities of student based research.
From the data collected, it was found that both the professional and student research concerned organization
holds the higher percentage of involvement as 30% and
27% respectively. The involvement of rest of the organizations are also presented on the graph on Figure
4.

The respondents selected were from all over Nepal
which are located on different districts. The first cluster
was termed as geography and was responded by all concerned. It was found that the organizations involving
in 3DP technology are distributed on seven districts of
Nepal being two inside the Kathmandu valley and rest
outside the Kathmandu valley.

Figure 4: Application sector of 3DP technology in Nepal
An organization named Field Ready, have been found
supporting the development of Nepal’s 3D printing sector and assessing the value of 3D printing especially
in rural and resource constricted environments. Varieties of products have been found on different sector of
3DP application. Some of them are listed as example
in Table 3.

Figure 3: District wise number of 3DP organizations in
Nepal till April 2020
The maximum number of organizations were found in
Lalitpur district with the number 17 and minimum only
one. The summary of the response regarding the district location of the organization is presented on Figure
3.

The second cluster was termed as focus area of organization working on 3DP. Out of 40 respondents, 37
R.K. Chaulagain et al. / JIEE 2021, Vol. 4, Issue 1.

The third cluster was termed as 3D printer model that
are available with different organizations working in
Nepal. Out of 40 respondents, 35 mentioned the model
of printers they are using on their area of application.
The model of printers found were from diverse printer
manufacturer and is listed in the Table 4. The 3D printers are all of desktop category and all are of FDM based
expect Form 2 SLA printer and Formlabs Form 3B2020.

The fourth cluster was concentrated on the number of
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Table 3: Few examples of application found in different 3DP sector of Nepal
S.No.

Application Sector

1

Health

2

Professional

3
4

Marketing
Educational

5

Student research

Few service/product examples found
Hand/leg limbs, umbilical cord clamps, oxygen
supply fittings, medical consumables, EEG cap
Electronic components, gear set, special pipe
fittings, teaching model set, architectural and
jewelry, topological model, molds for different
products, Legos, gift items, mask, face shield
Supply of 3D printers, filaments and components
Demonstration, training, organizing workshop
Wind/ water turbines, different working mechanisms, hand/leg limbs, 3D printed water filter,
drone parts, agricultural tool models

Table 4: Few examples of application found in different
3DP sector of Nepal
S.No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

3D printer models found in Nepal
Any cubic I3 Mega
Assembled RepRapPro 3D printer
Cetus 3D
Creality (3040, CR 10, Ender 3/5)
Creatbot Max
Form 2 SLA 3D printer
Formlabs Form 3B - 2020 (Bio 3D printer)
Hictop Pursa I3
Inspire D290
Jenny Printer
Printerbot metal PLUS
Prusa
TEVO Black Widow 3D printer
TEVO Tarantula Dual Extruder
TierTime
UP (300, BOX Plus, mini 2, Plus 2)
Winbo 3D printer
IIIP
Anet A8 3D printer
K5 Plus Guru

3D printers available with different organizations on different running year. On this cluster, only 37 respondents
mentioned the printer models over different years that
they owned and commissioned. The data plotted shows
the development scenario of 3DP technology over a
time period of a decade.
It clears the use of 3DP system in Nepal was started from
2011 which was owned by Kathmandu University with
a single unit. From 2015, the use of this technology was
found increasing. Presently, the quantity of 3D printer
comprising FDM and SLA based reached 64. Figure 5
shows an annual addition and cumulative number of 3D
printers from 2011 to April 2020.
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Figure 5: Quantity of 3D printers on different year

4. Conclusion
Adopting the suitable 3DP technology and raw materials
for any type of application, the key benefits are shorter
lead time, cost reduction, design freedom and re-making
with optimum material utilization.
Based on research that has been conducted, the application of this technology is found spread over seven
districts of Nepal increasingly widespread and covers
areas including education, commercial manufacturing,
health and various research activities. Among the organizations, professional and research based organizations
has higher application coverage. The most types of machines owned by users were FDM based desktop with
diverse printer models with the total quantity of 64 till
the research period.
The use of this technology in Nepal is increasing in the
last 5 years though it was found to be started from 2011.
Various products were found and are more concerned to
medical consumables and components made for student
research project. It showed that the use of this technology can bridge the Nepalese manufacturing industry
and academia with great future opportunity.
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Biomass is by far the most important primary energy source in Nepal. Heavy dependence on
traditional source and waste management resulting from agricultural waste is one of the major
problem in our country. Briquetting from agricultural waste can be an option for resource
management. This study was undertaken to investigate the physical and combustion properties
of briquettes produced from dried banana tree waste (leaves + pseudostem). Altogether four
types of briquettes were produced, two from uncharred biomass using screw extruder and
hydraulic jack briquetting machine and other two briquettes were produced from charred
biomass/charcoal using screw extruder and beehive briquetting machine. For uncharred
briquette, the density of screw extruder briquette (1.06 g/cm3 ) was higher than hydraulic
briquette (0.33 g/cm3 ). For charred briquette, the density was higher (0.72 g/cm3 ) for screw
extruder than beehive briquette (0.44 g/cm3 ). The Moisture content of briquettes varied from
7.23% to 11.04%, Volatile matter varied from 11% to 68.74%, Ash content varied from 4.94%
to 49.43% and fixed carbon content varied from 15.27% to 32.34%. The calorific values of
the briquettes ranged from 2462.0827 kcal/kg - 3899.193 kcal/kg, while the thermal efficiency
ranges between 24.02% – 30.71%, other results shows that the average burning rate between
3.55 g/min and 6.41 g/min. Screw extruder briquette from uncharred Banana tree waste and
beehive from charred/carbonized banana tree waste biomass was found to be comparatively
better from the present study.

©JIEE Thapathali Campus, IOE, TU. All rights reserved

1. Introduction
The word briquette is derived from French word brique,
meaning brick. The process of converting low bulk
density biomass into high density and energy concentrated fuel briquettes is termed as briquetting. Briquette
can be made from charcoal together with binder. In
this briquetting technology, loose biomass or charcoal
powder is densified or turned into a solid form of particular shape and size by the use of pressure, heat and/or
binding material [1]. The blackish residue consisting of
impure carbon which is obtained by removing water and
other volatile constituents from animal and vegetable
substances is known as charcoal. It is usually produced
by slow pyrolysis i.e. heating of wood, bone char or
∗ Corresponding

author:

yashai448@gmail.com (Y. Yadav)

Y. Yadav et al. / JIEE 2021, Vol. 4, Issue 1.

other agricultural substances in the absence of oxygen
environment at 450◦ C - 510◦ C by using either in a kiln
or a continuously fed furnace [2].

According to statistics, three billion people – or more
than 40 per cent of the world’s population – do not have
access to clean cooking fuels and technologies. The situation of energy use in terms of cooking is not promising
in Nepal. According to the most recent statistics of the
Central Bureau of Statistics, percentage of total households which relies on firewood for cooking is 64 percent.
Cow dung and animal waste for cooking are still used by
people. There were 74.7 per cent of households using
solid fuels for cooking in 2015. Household air pollution from burning biomass for cooking and heating is
responsible for some four million deaths a year, with
women and children at the greatest risk. The solid fuels
comprise mainly firewood, animal waste and agriculture
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residues [3].

In Nepal, banana is being grown since time immemorial
for home consumption. Banana being a prioritized highvalue agricultural product and a major fruit in Nepal
in terms of the potential growing area, production and
domestic consumption, is currently grown in 68 districts
with total productive area of 14311 hectares and production of 234319 tones and productivity 13.2 tonnes
per hectare [4]. The waste that a single banana plant
produces can make up to 80% of the total plant mass
[5].

extruder without using any any binder with 300◦ C die
temperature and under medium compaction technology
using Hydraulic press briquetting machine machine having 10 ton capacity bottle type hydraulic jack (using 30%
paper binder). Produced brown briquettes are shown in
Figure 1 & 2.

The study on the use of agricultural and agro-industrial
wastes as biomass is being increased and it could be an
alternative solution to the problems related to them [6].
But due to some factors of biomass like high moisture
content, irregular shape and sizes , low bulk density, the
biomass are very difficult to handle, transport, store and
utilize in its original form. Densification process can
produce briquettes of uniform shape and sizes that can
be more easily handled [7].

Figure 1: Screw extruder briquette S1

In this work, the physical and combustion properties
of both uncharred/brown as well as charred/black briquettes made from banana tree waste (Leaves + pseudostem) using different briquetting technology i.e. High,
medium and low compaction technology were determined. Clay and paper were used as binder. Clay is
used as binder as it has high chemical stability, low
expansion coefficient, high hardness and strong layers
[8].

2. Material and methods
2.1. Preparation of raw material
The banana tree waste (i.e. leaves + pseudostem) was
collected from Tribhuvan University professor quarter,
nayabato. The pseudostem and leaves were obtained
only from plants that had been cut for obtaining fruit.
The raw material collected were chopped into small
pieces, spread and dried using direct sunlight until it
was completely dried so as to reduce the moisture content. Some of the sun dried biomass was ground into
powder form using hammer mill and then disc mill to
make brown briquettes and the rest was used to make
charcoal using charring drum. After the carbonization
process, the charring drum was allowed to cool to atmosphere for 1 day. Then the bio char / Charcoal was
removed from the drum and ground into very fine particles and was also measured to calculate the percent
yield. The charcoal was also grinded using disk mill.
In this study, both uncharred/brown and charred/black
briquettes were produced. Altogether, four types of briquettes were produced. Two types of brown briquettes
were produced i.e. under high pressure using screw
Y. Yadav et al. / JIEE 2021, Vol. 4, Issue 1.

Figure 2: Hydraulic briquette

Similarly, two black briquettes were produced from charcoal under high pressure using screw extruder briquetting machine and under low compaction technology
i.e beehive briquette. Both were produced using 30%
clay as binder. Produced brown briquettes are shown in
Figure 3 & 4.

2.2. Experimental analysis
2.2.1. Physical properties
Determination of density
Density of briquettes were calculated using Eq.
1.
Density

=

Mass of briquitte (gm)
Volume of briquette (cm)3

(1)
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LoWoST

: Loss on weight of sample taken in gm

MCotS

: Moisture content of the sample in gm

WoST

: Weight of sample taken in gm

Percentage ash content (% AC)
% AC

=

QoA
× 100%
WoST

(4)

Where,

Figure 3: Screw extruder briquette S2

QoA

: Quantity of ash in gm

WoST

: Weight of sample taken in gm

Percentage fixed carbon (% FC)
% FC

=

100% − (%𝑀𝐶 + %𝑉 𝐶 + %𝐴𝐶)
(5)

Calorific value (CV)
Calorific value of different biomass and fuel samples
were determined according to British Standard Institution BS 1016 using the Toshniwal digital bomb colorimeter interfaced with a computer.
Water boiling test

Figure 4: Beehive briquette

Percentage moisture content (% MC)
Percentage of moisture content calculation was carried
out following the procedures of the Japanese Industrial
Standard (JIS, 8812) as in Eq. 2.
% MC

=

LoWoST
× 100%
WoST

(2)

Where,
LoWoST

: Loss on weight of sample taken in gm

WoST

: Weight of sample taken in gm

Water boiling test was conducted as per the standard described by Aprovecho (Water boiling test version 4.2.4)
using Agni stove. This test was carried out to compare
the cooking efficiencies of fuel samples. During this
test, fuel characteristics like thermal efficiency, ignition
time and burning rate was calculated.
The conversion of energy in the fuel to heat energy is
termed as thermal efficiency [9].
The thermal efficiency 𝜂 was calculated using Eq.
6
𝜂

=

M𝑤 × C𝑝 × (T𝑏 − T𝑜 ) + M𝑐 × L
M𝑓 × CV

× 100%

2.2.2. Combustion properties
Calculation for volatile matter content, ash content and
fixed carbon content were carried out following the
procedures of the Japanese Industrial Standard (JIS,
8812).

Where,

T𝑏

: Local boiling point of water (K)

Percentage volatile matter (% VM)

T𝑜

: Initial Temperature of Water (K)

% VM

=

LoWoST × MCotS
× 100%
WoST

Where,
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(3)

(6)

M𝑤 : Mass of water to be boiled (kg)
C𝑝 : Specific heat of water (kJ/kgK)

M𝑐 : Mass of water evaporated (kg)
L

: Latent heat of evaporation (kJ/kg)

M𝑓 : Mass of fuel consumed (kg)
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CV : Calorific value of fuel (kcal/kg)

Ignition time: The time taken by a known of fuel to
ignite is termed as ignition time [9].
The rate at which specific mass of fuel is burned is
termed as burning rate [9].

3. Result and discussions
3.1. Physical properties
3.1.1. Density
The Briquette produced using screw extruder technology of uncharred biomass have higher density of 1.06
gm/cm3 , whereas other briquettes have densities between 0.33 gm/cm3 to 0.72 gm/cm3 . The density of
screw extruder briquette S1 (1.06 gm/cm3 ) was found to
be higher than that of hydraulic briquette (0.33 gm/cm3 ).
In case of briquette from charred biomass/ black briquette, Screw extruder briquette S2 had higher density
(0.72 gm/cm3 ) as compared with beehive briquette (0.44
gm/cm3 ). High density in screw extruder briquette from
both uncharred and charred briquette is due to high compaction of mixture as it was made using tapered die
screw extruder briquetting machine.

In case of briquette from uncharred biomass/ brown
briquette, the moisture content of screw extruder briquette
S1 (8.89%) is lower than that of briquette produced using hydraulic jack i.e. Hydraulic briquette (11.04%).
This is because during screw extruder briquetting,
biomass are processed under high temperature.

In case of briquette from charred biomass/ black briquette, the moisture content of beehive briquette (7.23%)
is lower than that of screw extruder briquette S2
(10.33%).

Low moisture content of briquettes helps in their storage.
It prevents the briquettes from rotting and decomposition [15].

Higher density leads to higher energy-volume ratio
which is desirable in terms of transportation, storage
and handling [10].
Figure 6: Moisture content

3.2. Combustion properties
3.2.1. Volatile matter content

Figure 5: Density

3.1.2. Moisture content
The moisture content of banana tree waste biomass sample was found to be 11.07% which lies within the acceptable working range of 8 − 12% [11]. The moisture
content obtained in the present study is lower than lantana camera (12.12%) [12] but higher than the value
i.e. 8.41% for pine needles [13] and 6.8% for mikania micrantha [14].The moisture content of banana tree
waste char (6.4%) was less than that of banana tree waste
biomass. Reduction in moisture content of char is due
to carbonization process.
Y. Yadav et al. / JIEE 2021, Vol. 4, Issue 1.

The volatile matter content of different fuel samples
varied from 11% to 68.74%. Volatile matter content of
char (15.9%) was much lower as compared to biomass
(67.5%). Paper has the highest volatile matter content
(68.7%) than other biomass and fuel sample. Volatile
matter consists of elements such as carbon, hydrogen
and oxygen which are present in the biomass .Most
of the biomass fuels have high volatile matter content
[14].
Low volatile matter in char is because of the carbonization process. High volatile matter in hydraulic briquette
(68.74%) as compared to screw extruder briquette S1
(65.56%) may be due to addition of paper as binder in
hydraulic briquetting as paper had higher volatile matter
as compared with biomass.

Higher volatile matter eases ignition and enhances combustion due to increased chemical reactivity [15]. Material with high volatility can be ignited easily, would
burn with long smoky flames but will produce more
smoke [16].
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3.2.3. Fixed carbon content
The fixed carbon content of fuel samples varied from
15.27% to 32.34%. The highest fixed carbon content
46.77% was found to be in charcoal while paper had
17.65% and biomass had 16.51%. The fixed carbon
content of biomass obtained from this present study is
higher than Mikania micrantha biomass (11.26%) [14]
but lower than pine needles (17.66%) [13].

Figure 7: Volatile matter content

3.2.2. Ash content
Ash content of fuel samples varied from 4.94% to
49.43The ash content of Charcoal, Paper and biomass
were 30.94%, 5.9% and 4.92% respectively. Ash content of banana waste (leaves and pseudostem) char was
higher as compared to that of banana tree waste biomass.
This implies that during carbonization, most of the ash
in biomass remained in char. The tolerance level of
ash content for fuel is below 4% [17]. The ash content
of biomass obtained from present study is lower than
Mikania. micrantha biomass (7.04%) [14] but higher
than pine needles biomass (2.79%) [13].
In case of brown briquette, ash content of screw extruder
briquette S1 (6.94%) was higher than that of hydraulic
briquette (4.94%). In case of black briquette, ash content of beehive briquette (49.43%) was higher than that
of screw extruder briquette S2 (48.3%). Higher ash
content indicates more mineral matter present in fuel
[13].
High ash is undesirable as it reduces handling and burning capacity and also affects the combustion efficiency
[16].

Similarly, fixed carbon content of beehive briquette was
found to be 32.34%, screw extruder briquette of charred
biomass (S2) was found to be 27.09%, screw extruder
briquette of uncharred biomass was found to be 18.62%
and briquette produced using hydraulic jack was found
to be 15.27%.
High fixed carbon is desirable as it increases the calorific
value [16].

Figure 9: Fixed carbon content

3.2.4. Calorific value (CV)
CV of banana tree waste char (4677.14 kcal/kg) was
higher than that of banana tree waste biomass (3605.76
kcal/kg).In this present experiments, the calorific value
of banana tree waste biomass is higher than mikania
micrantha biomass (3616 kcal/kg) [14]. High CV in
char is due to low moisture content and high fixed carbon
content. In case of brown briquette, the CV of screw
extruder briquette S1 (3899.19 kcal/kg) was higher than
that of hydraulic briquette (3729.26 kcal/kg). In case of
black briquette, the CV of beehive briquette (3042.65
kcal/kg) was higher than that of screw extruder briquette
S2 (2462.08 kcal/kg).
High CV in screw extruder briquette S1 from brown
briquette and beehive briquette from black briquettes is
due to low moisture content and high fixed carbon content. The quality of fuel depends upon the CV. Higher
the CV, better the quality of fuel [16].

Figure 8: Ash concent
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Figure 10: Calorific value

3.2.5. Water boiling test
Water boiling test was conducted in this study to determine the ignition time, thermal efficiency of the stove
and burning rate.

Ignition time
Ignition time of briquettes were recorded using stopwatch. Screw extruder briquette S1 took more time
(10.33 min) to ignite as compared to hydraulic briquette
(2.67min) in case of brown briquette. The low ignition time in hydraulic briquette is due to the presence
of paper as binder during briquetting process. As paper, contains more volatile matter than banana waste
biomass, it is easier to ignite. The increase in ignition
time of screw extruder briquette S1 is due to increase
in density which might have resulted in low porosity
and hence reduced infiltration of oxygen. In the case of
black briquette, screw extruder briquette S2 took more
time (20min) to ignite as compared to beehive briquette
(7min). Beehive briquette took less time to ignite as
compared to screw extruder briquette S2 as it has low
density, which might have resulted in high porosity increasing the infiltration of oxygen.
Thermal efficiency
The thermal efficiency of the stove using different fuel
sample were obtained. The result showed that the
thermal efficiency of hydraulic briquette was higher
(28.12%) as compared to screw extruder briquette S1
(24.02%) in case of brown briquette.
In case of black briquette, the thermal efficiency of
beehive briquette was higher (30.71%) as compared to
screw extruder briquette S2 (28.57%).

Burning rate
Burning rate of screw extruder briquette S1 (3.55 g/min)
was low as compared to hydraulic briquette (6.41 g/min)
in case of brown briquette.
Y. Yadav et al. / JIEE 2021, Vol. 4, Issue 1.

Figure 11: Thermal efficiency

In case of black briquette, the burning rate of beehive
and screw extruder briquette S2 was found to be similar.
Briquettes having high burning rate indicate that more
briquettes will be required in combustion as they burn
off readily [9].

4. Conclusions
The conclusions drawn from this study are as follows:
i Briquette with high density (1.06 gm/cm3 ) was
prepared from screw extruder briquetting machine for uncharred biomass and from screw
extruder briquetting (0.72 g/cm3 ) for charred
biomass
ii Moisture content from uncharred and charred briquette was found higher in hydraulic and screw
extruder briquette S2 but was within the general
range of 10 − 15%.
iii From uncharred briquette, high volatile matter
was found in Hydraulic and from charred briquette high volatile matter was found in screw
extruder briquette S2.
iv Screw extruder S1 from uncharred briquette and
beehive briquette from charred briquette had
higher ash content.
v High Fixed carbon from uncharred briquette was
found in Screw extruder S1 and in beehive briquette from charred briquette. High Fixed carbon
is desirable as it increases the CV. Higher the CV,
better the quality of fuel.
vi The higher Calorific value recorded for uncharred
and charred briquettes were 3899.19 kcal/kg and
3042.65 kcal/kg respectively.
vii High thermal efficiency was recorded for hyPage 67
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draulic (28.12%) and beehive briquette (30.71%)
for uncharred and charred briquette respectively.

5. Recommendation
i Due to high amount of waste from BTW, there is
a need for further research on the utilization of
these waste.
ii Briquettes were produced using screw extruder,
hydraulic jack and beehive briquetting machine,
so production of briquettes using different briquetting technology and different binder with varying
proportions can be done.
iii Energy efficiency of fuel samples was studied
only in Agni stove. Further testing of fuel samples
with different kinds of stove is necessary as Agni
stove is designed especially for beehive briquette.
iv Researches on the emissions can be done.
v In order to ensure faster ignition and complete
combustion of briquettes, hole should be created
in briquettes.
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Abstract
Rapid sand filters are very common in all conventional water treatment plants. Capping of
existing rapid sand filters can be the promising method of improving the performance of rapid
sand filters. Capping is process in which upper sand bed layer of few cm is replaced with
capping material. However, this technique is limited in Nepal due to unavailability of filter
materials apart from sand. Some materials suitable for capping are anthracite coal, PVC
granules, bituminous coal, broken bricks, etc. The attempt is made to study the effect of
capping of Rapid sand filters by the use of anthracite coal as a capping media by pilot scale
study. A series of test runs and experiments using different influent turbidity were tried. The
pilot scale study has shown very encouraging results. Comparative analysis shows that higher
rate of filtration is possible along with higher filter run and less backwash requirement. In the
present work, conventional rapid sand filter and capped rapid sand filter are compared.

©JIEE Thapathali Campus, IOE, TU. All rights reserved

1. Introduction and Literature
Review
High turbidity is one of the main characteristics of the
surface water sources. Material that causes water to be
turbid includes clay, silt, finely divided inorganic and organic matter, algae, soluble colored organic compounds,
and plankton and other microscopic organisms. Granular filtration is the process whereby water is purified by
passing it through a porous material [1]. S.M. Al-Rawi
[2] performed an experiments on sand filter capping on
the pilot plant constructed similar to the existing water
treatment plants of Mosul/Iraq. The literature showed
the anthracite capping filters were proven to suitably operate under varying conditions of influent turbidity and
filtration rates. Economic revenue was gained through
reduction of disinfection doses as well as reduction in
filter sand material [2].

Capping of existing rapid sand filters can be the promis∗ Corresponding

author:
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ing method of improving the performance of rapid sand
filters [3]. The idea behind these filters is that the lighter
media of larger size occupy the upper layers of the filter,
allowing greater penetration of the floc. Capping is a
process of covering the filtration media by appropriates
caps such as Anthracite coal, Bituminous coal, Crushed
coconut shells, etc. [3]. Anthracite typically functions
as top coarse layer in dual or multimedia beds to provide storage volume for large amount of solids (thus
providing long filter runs) while the under laying sand
media provides a finer filter media to stop solids passing
all the way through the anthracite [4]. The anthracite
having lower specific gravity will float on top of the
higher specific gravity sand. If an increase in capacity
is desired in such technology, a larger amount of sand is
replaced as such practice will increase filter run as well
as it will increase the amount of fines [2].

2. Rationale of the Study
Turbidity is the principle parameter, which refers to
water containing suspended matters or impurities that
interferes with the light transmission through water. It
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reduces aesthetic acceptability, filterability and disinfection potential of drinking water. Turbidity removal
is a major challenge in water supply schemes in Nepal
where streams or river are the sources of supply. Most
current existing plants turned incapable of tackling problems related to proper water treatment like, mud ball
formation, unsatisfactory effluent, higher backwash water requirement, insufficient for increased demands and
bad overall performance. Use of capping media in conventional Rapid Sand Filter is better from the point of
view of the rate of filtration as well as total filter run.
The use of such techniques is limited in Nepal due to
unavailability of filter materials apart from sand.
This paper aims to use anthracite coal as capping media to investigate its performance against conventional
rapid sand filter. This paper focuses on effectiveness of
this technology in turbidity removal at varying inflow
turbidity.

2.1. Methodology
2.1.1. Experimental Set-Up
The schematic diagram of a pilot scale set up of two
rapid sand filters having internal dimensions (11 × 11
× 290) cm3 is shown in Figure 1.

mm and Uniform Coefficient (Uc) of 1.33 was prepared
with same procedure
Each model consists of altogether six ports, three at 5
cm above the base of filter on three different faces for
outlet, piezometer and backwashing purposes, fourth
at height of 115 cm from base for piezometer, fifth at
height of 135 cm from base for backwash effluent and
sixth at height of 285 cm from base for influent overflow.
The effluent level was kept 10 cm above the filter media
to keep minimum of 10 cm water level above the filter
media in order to keep media wet and to avoid development of negative head loss in the filter media.

2.2. Experimental Procedure
Synthetic water was prepared by adding sludge in natural water, extracted from ground water storage tank. Hit
and trial method was used to calculate amount of mud
slurry required to prepare the artificial suspension. The
mixing tank was stirred continuously using rotor. The resistance developed during filtration will be compensated
by increase in water level above the filter media keeping
constant filtration rate of 3 m/hr. Head loss development during filter run was measured using piezometer
and turbidity was measured by Turbidity meter Model
2100A.

2.3. Experimental Conditions
The filters were operated intermittently and filter runs
were terminated when the terminal head of 165.4 cm
was exhausted, irrespective of filter effluent turbidity
value. Filters were backwashed after exhaustion in order
to remove the trapped solids in filter media with backwashing velocity of 24 m/hr. The end of backwashing
operation was judged by viewing the clarity of backwash effluent. Table 1 presents the set conditions of
filter media and base materials for both filters.

3. Result and Discussion

Figure 1: Experimental setup

The Rapid Sand Filter has been designed for the filtration rate of 3000 lit/m2 /hr. The filter models were
setup in Water Treatment plant, Institute of Engineering
premise. Sand and anthracite coal were sieved through
series of sieves of sizes 2 mm, 1 mm, 0.6 mm, 0.425
mm and 0.3 mm. After drying, they were mixed in fixed
proportion by weight to create 1 kg batch Sand of Uniform Coefficient (Uc) of 1.54 and effective size (E.S)
of 0.5 mm. For anthracite coal, effective size of 0.91
G. Tamakhu et al. / JIEE 2021, Vol. 4, Issue 1.

Seven filter runs were performed with influent turbidity
of 0-25, 25-50, 50-100, 100-150, 150-200, 200-250 and
250-300 Nephelometric Turbidity Units (NTU). Comparative study of both filters is done for different parameters like turbidity removal, head loss development and
filter run length. The results of the experiments for both
filters are discussed and presented graphically.

3.1. Effluent Turbidity during Filter Run
time
In first filter run, the average influent turbidity for Sand
and capped filter was 10.9 NTU. The average effluent
turbidity for Sand was 1.21 NTU and for Capped filter
was 0.88 NTU as shown in Figure 2.
In seventh filter run, average influent turbidity for Sand
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Table 1: Filter media and base materials used in filter models
Filter Material
Anthracite Coal (Uc=1.33)
Sand (Uc=1.54)
Gravel, Base Material Layer 1
Gravel, Base Material Layer 2
Gravel, Base Material Layer 3
Gravel, Base Material Layer 4
Gravel, Base Material Layer 5

Size
(mm)
0.91 (E.S.)
0.5 (E.S.)
2-4.75
4.75-10
10-20
20-28
28-40

Sand Filter,
Depth (cm)
60
10
10
10
10
10

Anthracite Capped
Filter Depth (cm)
20 (capping layer)
40
10
10
10
10
10

3.2. Head Loss Development during Filter
Run Time
The allowable terminal head loss was 165.4 cm for both
filter models. In first filter run, initial head loss for Sand
filter was 15.1 cm, whereas for Capped filter was 13.8
cm. The Sand filter showed greater head loss throughout
the run time with first exhaust at run time of 134 hours
and Capped filter exhaust after 150 hours as shown in
Figure 4.

Figure 2: Effluent turbidity during first filter run

and Capped filter was 273.8 NTU with average effluent
turbidity of 9.08 NTU for sand and 6.62 NTU for Capped
filter as shown in Figure 3.

Figure 4: Head loss development during first filter run

Figure 3: Effluent turbidity during seventh filter run
From first to third filter run, effluent turbidity produced
by both sand and anthracite capped filter were below 5
NTU lower limit prescribed by NDWQS [5]. Anthracite
capped filter has higher potential in turbidity removal for
influent turbidity below 100 NTU. With further increase
in influent turbidity from third to seventh filter run, the
average effluent turbidity produces were above 5 NTU
lower limit prescribed by NDWQS.
G. Tamakhu et al. / JIEE 2021, Vol. 4, Issue 1.

In seventh filter run, initial head loss for sand filter and
capped filter was 23.2 cm and 16.5 cm respectively.
Sand filter exhausted at 8 hours whereas anthracite
capped filter exhausted in 14 hours run time as shown
in Figure 5. The development of head loss was rapid for
both filter with increase in influent turbidity due to surface sealing or surfacing blinding of filter media. There
was decrease in water head at the start of the filter run
due to intermittent filter operation which is indicated by
sudden drop in head loss value.

3.3. Filter Run Time with Increase in Influent
Turbidity
Filter run length depends on the raw water characteristics. The filter run time for both filter models subjected
to different influent turbidity value is shown in Figure
6. The maximum filter run time for sand filter was 134
hours and for anthracite capped filter was 150 hours for
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Figure 5: Head loss development during seventh filter
run

Figure 7: Head loss gained with increase in influent
turbidity

average influent turbidity of 10.9 NTU during first filter
run

the higher side, with maximum of 5.925 m for sand filter
and 3.545 m for anthracite capped filter in seventh filter
run and minimum of 0.374 m for sand filter and 0.337 m
for anthracite capped filter in first filter run. Head loss
gained for Sand filter was 11% (minimum) and 80.4%
(maximum) more than that of capped filter in first filter
run and fourth filter run respectively. In average, head
loss gained for sand filter was 49.2% more than that of
anthracite capped filter.

3.5. Comparison of performance of
conventional and capped rapid sand
filter

Figure 6: Filter run time with increase in influent turbidity

The Anthracite Capped Filter last longer than sand filter
for average turbidity of 273.8 NTU with filter run time
of 14 hours and 8 hours respectively in seventh filter
run. The filter run time for capped filter was 11.9%
(minimum) and 82.6% (maximum) more than that of
sand filter in first and fourth filter run respectively. In
average, the filter run time for anthracite capped filter
was 52.03% more than that of sand filter.

3.4. Head Loss Gained with Increase in
Influent Turbidity
The head loss gained in meter for different influent turbidity after producing filtrate of 100 m3 /m2 area of filter
is shown in Figure 7. The performance of the filter is
indicated by the rate of head loss buildup during filter
run. Sudden increase in head loss might be an indication of surface sealing of the filter media (lack of depth
penetration).
In all filter runs, head loss gained for Sand filter was on
G. Tamakhu et al. / JIEE 2021, Vol. 4, Issue 1.

From the experimental study, it is observed that as filtration efficiency mainly depends on porosity of media used for filtration work. Anthracite coal has lesser
specific gravity compared to sand and so larger particles remains on top after backwashing. It also provides
larger depth for filtration and improves performance
by removing larger suspended particles at initial stage.
Maximum throughput volume can be achieved and also
the run length is increased for anthracite capped filter
in comparison to conventional sand filter due to porous
nature.

4. Conclusions
The main aim of this research work was to find out
the effectiveness of anthracite coal as capping media in
rapid sand filter. Based on the study, some conclusions
have been revealed:
i Capping proves an efficient technique for improving performance of rapid sand filters in terms of
head loss development, filter run length and turbidity removal efficiency.
ii The produced effluent for influent turbidity below
100 NTU satisfied most stringent quality stanPage 72
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dards. The influent turbidity therefore, above 100
NTU should be pretreated in order to meet required effluent turbidity standard.
iii Capped filter last longer than sand filter in all filter runs. The whole thickness of the media was
utilized in the filtration process as opposed to the
top layers of conventional rapid sand filters. In
average, filter run length of anthracite capped filter increases by 52.03% than that of conventional
rapid sand filter.
iv The head loss gained in meter after producing
filtrate of 100 m3 per m2 area of filter for capped
filter was on lower side showing its potential for
high turbid water. In average, head loss gained for
sand filter was 49.2% more than that of anthracite
capped filter.
v The study highly stressed on necessity of this
technique in the country water treatment plants
for the various merits gained.
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5. Advantages
i Higher service flows and longer filter runs than
equivalent sand filters
ii Capping of conventional rapid sand filter can be
very effective tool in case of overloaded conventional plants where higher rate of filtration can be
possible without much modification.
iii The extra cost of importing anthracite coal could
be substituted excessively by the wide ranges of
merits of anthracite coal as filter media.
iv A great economic benefits could be achieved
through operating at higher rates. Consequently
more water was produced which avoids construction of new plants and/or reducing number of filter
units by 50% in the plants and thus, reducing the
plant cost.

6. Future Scope
Capping with anthracite coal shall proves very effective in improving performance of rapid sand filter in
pilot scale. This material should be further studied and
tested in full scale plant to access its suitability for mass
scale filtration. Use of anthracite coal as capping media
for longer period will give better performance analysis.
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Abstract
Tourism sector is one of the most vital sector for economic development. Hotels consumed
bulk amount of energy to satisfy the guest needs. This study to development of energy mix
concept in the hotels sector to minimize the crisis of energy in the future, determine electrical
and thermal energy consumption patterns of a hotel. Low Emission Analysis Platform (LEAP)
model was used to analyze energy demand and greenhouse gas emission under different
scenarios. The base year for the study was 2019 and the end year up to 2040. It has been
estimated that the base year electrical and thermal consumptions were 16.3 Tera joule and
9 tera joule respectively. Energy consumption is expected to be increased from 25.3 tera
joule to 65.9 tera joule in 2040 under business as usual scenario (BAU). In efficient lighting
scenario, energy consumption will be 2 tera joule in 2040. In efficient heating ventilation and
air conditioning scenario, efficient cooking scenario and steam generation scenario, energy
consumption will be 12 tera joule, 6.5 tera joule and 4.2 tera joule in 2040. In combined
policy scenario, energy consumption will be 37.76 tera joule in 2040. Which result saving
of 28.14 tera joule as compared to BAU scenario. This study also show the greenhouse gas
emission will be 1100 metric tons of carbon dioxide equivalent in 2040 under business as
usual scenario. After the implementation of the efficient system, greenhouse gas emissions
will gradually reduce and reach zero in 2035 to 2040. Similarly, per capita greenhouse gases
emissions will gradually reduce and reach zero in 2035 to 2040. Thus large amount of energy
can be saved and large quantity of greenhouse gas emission can be stopped by applying the
combined policy scenario.

©JIEE Thapathali Campus, IOE, TU. All rights reserved

1. Introduction
The tourism industry is one of the most vital sectors for
economic development [1].The tourism sector is an important sector for Nepal to generate revenue and foreign
exchange. The diversity in nature and culture increase
potentiality in the tourism sector. The overall economics
of Nepal is very backward so country policies need to
be changed to enhance the tourism sector and economic
development [2].
Energy consumption in the hotel building depending
up on the various factor like local climate condition,
location of hotel, types of service standard along with
occupancy situation and the equipment efficiency [3].
According to the study, energy intensity depends up on
∗ Corresponding

author:

achshada@gmail.com (S. Acharya)
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various factors like climate condition and occupancy
rate. [4]. Total Gross value added of the hotel and
restaurant sector is expected to stand 8.3% in the financial year 2018/219 where as 9.8% was in the financial
year 2017/2018. Hotel and restaurant sector contribute
2.1% of the total GDP in the financial year 2018/2019.
[5]. Per capita GDP of Nepal is $1034 in the financial
year 2018/219 whereas per capita GDP was $998 in
the financial year 2017/2018 [5]. According to ADB
study, Final energy demand will increase 1.9% annually
through 2035 and 3.7% GDP growth rate projected for
the same period [6].

Hotel sector is an important sector of tourism industry
in Nepal. Hotels spent lots of energy to satisfy the guest
needs while guest stay inside the hotels but many energy
losses from the system due to lack of energy managing
practice in a hotel sectors. This is due to the lack of
practice of energy audits in hotel, lack of knowledge
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in the energy management system and lack of information about the latest energy efficient technology for
hotel energy management, lack of practice to checked
and maintain major equipment standby mode [7]. After
the analysis of energy-related data, the next phase is
calculating the data and the target area is to be select
for minimizing energy consumption and finally future
planning needs to keep on the system [8]. The energy
demand analysis of a hotel helps to find out the present
energy consumption by end use sector, electrical and
thermal energy consumption patterns of a hotel. Baseline data can be helps to support for the energy demand
analysis in a hotel. For this analysis, different scenarios
were developed for the end use sector and analyze the
data by using LEAP software. The energy demand analysis is also forecast the prediction of future total energy
demand, end use energy demand, electrical and thermal
energy consumptions and energy mix patterns. This
study helps to find out the selection of the efficient technology and strategies for the sustainable development
of the hotel sectors.

2. Research Methodology
The study is carried out according to the research framework as shown in Figure 1. The study framework consists of issue identification and research question related to star hotel energy performance, analytical model
development, Scenario development and analysis, and
analysis of occupancy effects as well. The principle
methodology for the study is primary data collection
and many questionnaires were developed and survey
was carried out on hotel. The survey data was used in
the computer by using LEAP software.

2.1. LEAP software
LEAP model is a static energy- economy-environmental
model which has been used software for energy policy
analysis in the future. The leap model can be used to calculate energy requirements, transformation and energy
sources. The modeling method in leap is accounting
method. Energy demand and supply can be calculated
by this method. LEAP provides four major which used
in energy modeling. This four are key assumptions,
demand, transformation and resources [9].LEAP is forecasting software which helps to analysis the current
energy scenario and forecast for future under certain
condition.

2.1.1. LEAP Model Scenario Description
Study Parameters and Assumptions /
Constraints
This study was based on the number of parameter and
assumptions. These mainly covered the technical and
economic aspects descried in details and were used as
S. Acharya et al. / JIEE 2021, Vol. 4, Issue 1.

Figure 1: Research Framework of the study
input to LEAP.

Key Parameters
For completion of this study: - the base year was 2019,
demand, historical data for analysis, technologies for
electricity generation and other trend were taken as the
key parameters. Different variable are consider while
doing the research i.e GDP, GDP growth, occupancy,
occupancy growth and system loses etc.
2.1.2. Study Period
Twenty year plan for this study in the year 2021 to 2040
meet the target. The prediction of the results reference
year was 2019

2.1.3. Field Survey
The field visit was done on sample hotel which is located
at Bhairahawa, Lumbini.

Modeling
LEAP model was used for future energy planning purpose. Data was collected from field visit and fed data
into LEAP model. The base year for the study was 2019
and the tree structure of the LEAP model is shown in
Figure 2.
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sector ’i’ in base year
ESD𝑡 : Energy Service Demand per capita for sub
sector ’i’ in year t
GDP0 : GDP per capita for base year
GDP𝑡 : GDP per capita for subsector ’i’ in year t
NOT0 : Number of tourist arrival in the base year
NOT𝑡 : Number of tourist arrival for subsector ’i’ in
year t

2.2. Scenario analysis
2.2.1. Business as Usual Scenario
Business as usual scenario is that tool that is used for
project thetotal rooms use into the future under the assumption of the growth of the hotel room in the future.
Table 1 show the number of available room and occupied room for the year 2018 and 2019.

Table 1: Number of available room, total occupied room
and occupancy
Year
2018
2019

Figure 2: LEAP Tree

2.1.4. Energy Demand Projection
For the energy demand analysis, 2019 was the base year,
tourist arrival and GDP per capita is taken as the variable for the energy demand projection. The regression
analysis was used for the relationship between tourist arrival in selected area, GDP per capita and energy service
demand per capita for different subsector is achieved
using the Eq. 1 [10].
ESD𝑖,𝑡
ESD0

(
=

NOT𝑡
NOT

)𝛼𝑖

(
×

GDP𝑡
GDP0

)𝛽𝑖

(1)

Where,
ESD0 : Energy Service Demand per capita for sub
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No. of available rooms
102
102

Occupancy rate
53.92%
60.00%

Total available room in the sample hotel was 102 rooms
in the base year 2019 and numbers of room will increase
as per organizational policy. Fixed values were for the
room capacity; 102 in year 2019,180 room in 2026,
300 rooms in 2030 and 400 rooms in 2040. Percentage
share and occupancy rate for the year 2019 were studied
from the data sheet and future trends was forecasted
as the growth rate. It is the base case scenario which
helps to find base year energy demand according to
reference data and demand trend will continue for the
future with no intervention. For this scenario analysis,
the value of tourist arrival growth and GDP growth
is taken as the average growth in the past ten years.
End-use technologies are not changed in this scenario.
In this scenario GDP growth are taken 2% as per the
past average tourism growth rate on national GDP [11].
Tourist arrival growth consider the 3% as per the average
tourist forecasted on future [12]
Energy intensity of hotel fed into the model under electricity, diesel, LPG and fuel oil. LEAP was used to
calculate the total energy consumption by multiplying
the energy intensity of hotel by each activity level, occupancy rate and capacity of the room increase from
2019 to 2040

2.2.2. Combined policy scenario
The purpose of combined policy scenario is to reduce energy consumption by end-use sector. From the kitchen,
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a lot of waste may be generated which can be used for
biogas generation and used for cooking purposes [13].
In this scenario, replacement of all the traditional fuels
like LPG, coal and diesel by clean energy like electricity,
promotion of electricity in all the subsection to eliminate emissions and intervention through more efficient
system [14].

Generator Replacement Scenario
This is a supply side management scenario. In the sample hotel, 23.08% of the total energy was generated by
DG in the year 2018 and which was down and reach to
only 8.81% of the total energy was generated by the DG
in the year 2019. In the context of Nepal, most of the
electricity came from hydropower where 1029.58MW
electricity produced by hydropower and only 53.4 MW
electricity generated by thermal system which per-unit
cost is higher than hydropower. Many hydro powers are
under construction, planned and proposed in Nepal so
it is possible to replace DG by grid electricity. According to NEA data, 957.1 MW capacity hydropower are
under construction, planned and proposed hydropower
capacity are 2285.2 MW and there is also 25622 MW
hydropower are also planned and proposed of the government of Nepal so no power deficiency in near future.
NEA started the high voltage transmission lines and
many of them are under construction i.e total 805 KM
length circuit of 132 kV transmission line will be completed on 2021/2022, 630 KM length circuit of 220kV
transmission line will be completed on 2021/2022 and
576 KM length circuit of 400kV Transmission line will
be completed on 2020/2021 [15] so near in future voltage stability and transmission line losses will be less
than now.

Efficient Lighting Scenario
Efficient lighting system means use of the more efficiency lighting system i.e replacement of CFL by LED,
which helps to reduce the energy consumption [16].
Efficient lighting system helps to save health, safety,
comfort and productivity [17]. In the base year, 4.55%
total energy consume through lighting system. In the
hotel, most of the light was LED and which share 80%
of total lighting and remaining 20% was through CFL.
In this efficient scenario, it was assumed that by 2026,
all the CFL light will be replaced by LED light.
Efficient Cooking Scenario
The device is generally the most efficient device which
heat up fast and cook food fast. The efficiency of LPG
stove is 68% while using brass burner for cooking purpose and efficiency of LPG cooking stove is 64% while
using cast iron burner for cooking purpose [18]. Recently, induction base cooking stove is introduced in
market but lack of practice for cooking system. The
S. Acharya et al. / JIEE 2021, Vol. 4, Issue 1.

efficiency of induction cooking stove is 90% [19]. From
above analysis, the efficiency of induction base cooking
stove is more than LPG base cooking stove. In Nepal,
recently NEA promote use of electricity for cooking
purpose and NEA focus on subsidy while use more
electricity. Many hydro-powers are being introduced
in Nepal so near in future the availability of electricity
is high. But the government needs to be change policy to promote use of electricity in Nepal because most
of houses energy meter in Nepal is low ampere rating
like 5A/6A rating so the government and NEA body
has to promote minimum16A rating energy meter with
induction cooking system from subsidy. On the other
hand, LPG is not self-produced by the government it is
imported source of fuel for Nepal and which does not
have its reserve so near in future used of LPG for cooking is expensive and market may be shortage so use of
LPG for cooking is more expensive than induction base
cooking system. The government body has to remove
subsidy for LPG and promote electricity.
Table 2: Monthly life cycle cost of different fuels [20].
Year
2000
2003
2006
2011
2012
2018

Fuel cost per month per technology
Kerosene Price LPG Price Electricity tarrif
289
550
630
476
700
730
816
900
730
1249.5
1325
730
1581
1415
875
1411
1375
1050

The cost of kerosene, LPG and electricity from the year
2000 to 2018 has shown in Table 2. In the hotel, only 1%
of cooking system was used from electricity in the year
2019 but in future, policy need to be change by management team and it is better efficient system when cooking
system from electricity rather than cooking by LPG so
it was assumed that for efficient cooking system, 100%
of the coal consumption will be replaced by electricity
by the year 2026 and by 2030 60% LPG base cooking
system will be replaced by electric base induction system and by 2035, 100% LPG base cooking system will
be replaced induction base electric system.

Efficient Steam Generation scenario
The operating principle of efficient boiler is that which
can generate steam when heat from flue gases to pre
heat the feed water or reuse of losses steam to increase
the temperature of boiler [21]. The efficiency of boiler
in the sample hotel was 76.98% while feed water temperature is 20◦ C and lots of steam was losses from the
system i.e no provision for return use of steam in the
hotel. When proper reuse of steam, the boiler efficiency
reaches to 86.89% while the feed water temperature is
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85◦ C. According to study, boiler efficiency can be reach
up to 89.66% [22]. In this efficient scenario, boiler efficiency will improve to 85% by 2023 and 89.66% by
2030. This improved on boiler efficiency can reduce
consumption of diesel in the hotel. It was assumed that,
70% steam will be generate from electric boiler by 2030
and 100% steam will be generate from electric boiler by
2035.

Efficient Heating Scenario
In the hotel, heat pumps are used for the purpose of water heating system that means 100% hot water heating
system from the heat pumps which consumed electricity
but for the space heating, VRF and chiller was used in
hotel for two/three weeks in winter. More advantage
from heat pump for water heating than water heating
from boiler system because in the heat pump system the
heat transferred can be much greater than the electricity
required to driver the cycle. In mostly used heat pump
system heat is extracted from ambient air which is then
transferred to water which is then stored within a hot water cylinder. In this system, number of energy flows into
and out of the system where electrical energy is input for
the system to run a heat pump cycle and environmental
heat is also input for the system to heat water and some
energy being losses to the surrounding.

respectively.

3. Result and discussion
3.1. Base year Energy Consumption
Analysis
The total energy consumption in the hotel is calculated
according to fuels used and end use sector. Figure 3
the energy share of different end use sector in the base
year 2019. From the figure, end use sector share of
HVAC system was the highest share among the other
end use sector i.e 39.1% share. The second highest share
was cooking sector whose was 19.9% which is then followed by electric appliance and steam generation i.e
11.1% and 10.9% respectively and laundry equipment
consumed the lowest energy than other remaining system i.e 1.2%.

Efficient Air conditioning Scenario
Air condition efficiency ratio is measured according to
energy efficiency ratio (EER), which is ratio of cooling
capacity of system to the input power of the system and
more efficient the air conditioner when EER rating is
high. In efficient air conditioning system, variable speed
compressors and advance control systems can improve
efficiency of the system. [23]. In the hotel, most of the
area air conditioning system maintains by central air
conditioners but some area split AC was used, ceiling
cassette AC and guest room area VRF system was used.
According to study, VRF system provides more average
temperature than another system. VRF systems save
up to 35% energy than chiller system under the tropical climate condition [24]. The performance analysis
of VRF and chiller are different but based on the COP,
average COP of VRF was 4.2, 3.9 and 3.7 under the
100%, 75% and 50% load respectively. Similarly, COP
was 3.1, 3 and 2.5 of the Chiller system while system
load are 100%, 75% and 50% load respectively [25]. It
was assumed that 50% of HVAC system will be operate by chiller system on 2026 and 25% of system load
will be operate from chiller system by 2030 and only
25% of total load will be operate from chiller system by
2035. Similarly, 40% of total load will be operate from
VRF system by 2026 and 60% and 80% of total load
will be operate from VRF system by 2030 and 2040
S. Acharya et al. / JIEE 2021, Vol. 4, Issue 1.

Figure 3: Base year energy share for end use sector

Figure 4: Base Year energy share of different fuels 2019
The Figure 4 show the share of different fuels in hotel
where grid electricity share was highest among other
i.e 64.49% energy was generated from electricity which
is then followed by the diesel whose share was 16.59%
which was the second highest among the other. The
share of LPG and coal was 13.97% and 4.95% respectively. The figure 4 clearly show that the total energy
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share of electricity was 64.49% and remaining 35.51%
share was from fossil fuels which emit environmental
pollution.

3.2. Final Energy Demand
3.2.1. Business as usual Scenario

3.2.2. Energy Saving Potential
The Figure 7 shows the potential of energy saving after
the implementation of efficient scenario in the hotel.
Energy consumption can be reduced only when the replacement of LPG, coal and diesel by electricity. Figure
7 show the 3.3 tera joule energy will save in 2022 and
which is expected to be increased and reach 27 tera joule
in 2040. Similar study shows that, total 203 tera joule
energy can be save from hotel [28] and another study
also explain the total 79 tera joule energy will save in
2025 in five and four star hotel in Kathmandu [29] that
why future energy saving potential validated from this
report.

Figure 5: Total Energy Demand, (TJ) under business as
usual scenario
The Figure 5 the total energy demands of a hotel in
different years. In base year, 25.7 TJ energy was consumed in hotel and energy consumption is expected to
be increased from 25.7 TJ to 65.9 TJ in 2040 under
business as usual scenario. It has been estimated that,
electrical energy and thermal consumptions were 16.3
TJ and 9 TJ respectively in 2019. Energy consumption
can validate from energy use intensity (EUI) of the hotel.
Here are some comparisons for EUI of different hotels
which is vary according to occupancy, location of hotel,
local temperature, year of building construction and so
on. Average EUI of hotel was in between 69 to 689
Kwhr/m2 /year [26]. Average EUI of hotels in shanghai
was 704.38 Kwhr/m2 /year [27].

Figure 7: Total energy saving (TJ) after implementation
of combined policy scenario

Lighting Scenario
The Figure 8 shows the total energy consumption under
business as usual (BAU) lighting system and efficient
lighting system. Figure 8 show the 1.73 tera joule energy was consumed in 2019 and energy consumption is
expected to increase and reach 3.96 tera joule in 2040 under business as usual scenario. After implementation of
efficient lighting system, energy consumption will reach
only 2.64 tera joule in 2040 so 1.3 tera joule energy will
be save in 2040 from efficient lighting system.

HVAC scenario

Figure 6: Total energy demand (TJ) under BAU and
Combined policy Scenario

Figure 9 shows the total energy consumption under business as usual (BAU) HVAC system and efficient HVAC
system. Figure 9: show the 9.9 tera joule energy was
consumed in 2019 and energy consumption is expected
to increase and reach 22.6 tera joule in 2040 under business as usual scenario. After implementation of efficient
HVAC system, energy consumption will reach only 12.8
tera joule in 2040 so 9.8 tera joule energy will be save
in 2040 from efficient HVAC system.

Cooking scenario
Figure 10 shows the total energy consumption under
business as usual (BAU) cooking system and efficient
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Figure 8: Energy demand (GJ) under different lighting
scenario

Figure 10: Energy demand (GJ) under different Cooking
scenario

Figure 9: Energy demand (GJ) under different HVAC
scenario

Figure 11: Energy demand (GJ) under different Steam
Generation scenario

cooking system. Figure 10: show the 5 tera joule energy was consumed in 2019 and energy consumption
is expected to be increase and reach 16.5 tera joule in
2040 under business as usual scenario. After implementation of efficient cooking system, energy consumption
will reach only 6.5 tera joule in 2040 so 10 tera joule
energy will be save in 2040 from efficient cooking system.

Steam Generation Scenario
Figure 11 shows the total energy consumption under
business as usual (BAU) steam generation system and
efficient steam generation system. Figure 11 shows
the 2.7 tera joule energy was consumed in 2019 and
energy consumption is expected to be increase and reach
9.2 tera joule in 2040 under business as usual scenario.
After implementation of efficient steam system, energy
consumption will reach only 4.2 tera joule in 2040 so
4.9 tera joule energy will be save in 2040 from efficient
cooking system.

S. Acharya et al. / JIEE 2021, Vol. 4, Issue 1.

4. Conclusions
The necessary calculations were made by using the measurement and existing meter values and all the necessary
value are fed into LEAP software for energy measurement. Calculated data show that, 25.3TJ energy was
consumed in 2019 where as 9 TJ energy was produced
from thermal energy and remaining 16.3 TJ energy was
produced from grid electricity. Energy consumption
is expected to be increased from 25.3 TJ to 65.9 thousand GJ in 2040 under business as usual scenario. In
combined policy scenario, energy consumption is expected to increase from 25.3 TJ to 37.76 TJ in 2040
under combined policy scenario and 3.3 TJ energy will
save in 2022 and which is expected to be increased and
reach 27 TJ in 2040 from combined policy scenario.
In efficient lighting scenario, energy consumption will
reach only 2.64 TJ in 2040 so 1.3 TJ energy will be
save in 2040 from efficient lighting system. After the
implementation of efficient HVAC system, energy consumption will reach only 12.8 TJ in 2040 so 9.8 TJ
energy will be save in 2040 from efficient HVAC sysPage 80
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tem. After implementation of efficient cooking system,
energy consumption will reach only 6.5 TJ in 2040 so
10 TJ energy will be save in 2040 from efficient cooking
system. After implementation of efficient steam system,
energy consumption will reach only 4.2 TJ in 2040 so
4.9 TJ energy will be save in 2040 from efficient cooking
system.

5. Recommendation
Cost and energy needed for electricity generation from
diesel generator system is high as compared to the hydroelectric, thus use of hydroelectric should be promoted in
hotel. LPG, coal and diesel leads to increase greenhouse
gas emission so replacement of fuel base appliance by
electric appliance should be promoted in hotel. Biogas
can be produced from kitchen waste so installation of
biogas plant leads to make hotel less dependent on fossil
fuels. Boiler feed water temperature was low and lots of
steam losses while steam was used in laundry purpose
so feed water temperature can be increased by utilizing
of losses steam and fuel required for steam generation
can be reduce so greenhouse gas emission also reduced
but it is more efficient when steam will generate from
electricity. Details energy audit should be carried out to
identify the potential energy saving area in hotel.

6. Acknowledgement
I would like to express my deepest gratitude towards
thesis supervisors-professors for their timely suggestions and guidance’s. This thesis would not have been
possible without his assistance and encouragement. I
would like to thank Mr. Rajan Sharma, Sagaun Paudyal
and Rabi Sapkota for their valuable idea of the topics
and suggestion throughout the research period. Also,
I would like to express my gratitude toward the entire
department faculties, whose valuable comment and suggestion were very important for the thesis work. Last
but not the least, special thanks go to the editor and the
reviewers of this research paper for their comments to
write this paper.

References
[1] Bodach S, Lang W, Auer T. Design guidelines for energyefficient hotels in Nepal[J/OL]. International Journal of Sustainable Built Environment, 2016, 5(2): 411-434. DOI: https:
//www.doi.org/10.1016/j.ijsbe.2016.05.008.
[2] Basnet S.
Types of tourism in Nepal and their
prospect[R/OL].
Kerava, 2016:
1- 47.
https:
//www.theseus.fi/bitstream/handle/10024/115568/Tourismand-Prospect-Thesis-Report.pdf?sequence=1.
[3] Bohdanowicz P, Martinac I. Determinants and benchmarking of resource consumption in hotels-Case study of Hilton
International and Scandic in Europe[J/OL]. Energy and Buildings, 2007, 39(1): 82-95. DOI: https://www.doi.org/10.1016/
j.enbuild.2006.05.005.

S. Acharya et al. / JIEE 2021, Vol. 4, Issue 1.

[4] CBS. Nepal - Survey of Hotels and Lodges Nepal 200304[R/OL]. Kathmandu, Nepal: National Planning Commission
of Nepal, 2004: 1-18. http://cbs.gov.np/nada/index.php/catalog/
20.
[5] Ministry of Finance. Economic Survey of Nepal 2018/2019[R].
Kathmandu, Nepal: Government of Nepal, 2019.
[6] Asian Development Bank. Nepal Energy Sector Assessment,
Strategy and Road Map[R]. 2017.
[7] PACE Nepal Pvt.Ltd. Baseline Study of Selected Sector Industries to assess[R]. 2012.
[8] Ishak N B. Energy Management Practices and Implementation
in Campus Building[J]. Master Thesis,Faculty of Engineering
Technology ,University Malaysia Pahang, 2016(March).
[9] Windarta J, Purwanggono B, Hidayanto F. Application of
LEAP model on long-term electricity demand forecasting in
Indonesia, period 2010-2025[J/OL]. SHS Web of Conferences,
2018, 49: 02007. DOI: https://www.doi.org/10.1051/shsconf/
20184902007.
Energy Efficiency and Low
[10] Prem S, Shree Raj S.
Carbon Strategy on Rural Tourism Area: A Case of
Mount Annapurna Trekking Route[J/OL].
International
Journal of Environmental Protection and Policy, 2016, 4
(5): 133. http://www.sciencepublishinggroup.com/journal/
paperinfo?journalid=266. DOI: https://www.doi.org/10.11648/
j.ijepp.20160405.14.
[11] Ministry of Finanace. Economic survey of Nepal 2019/20[R].
Kathmandu, Nepal: Government of Nepal, 2020.
[12] Ministry of Culture T, Aviation C. Nepal Tourism Statistics
2018[R]. Kathmandu, Nepal: Government of Nepal, 2019.
[13] Amarawardhana K. modeling of the energy utilization of
tourism industry to predict the future energy demand to shower
case of Sri lanka[J]. 2010.
[14] Central Department of Enviromental Science (CDES ). Nepal’s
GHG Inventory[R]. Tribhuvan University, 2017.
[15] Nepal Electricity Authority. A year in Review Fiscal year
2018/2019[R]. Kathmandu, Nepal: Government of Nepal, 2019.
[16] Guzzetti S, Faranda R, Lev S. Design and Technology for
Efficient Lighting System[J/OL]. Paths to Sustainable Energy,
2010. DOI: https://www.doi.org/10.5772/13326.
[17] lorin POP and Horia F. POP. Residential Energy Efficient
Lighting[C]// 2nd International Conference On Modern Power
Systems. 2008.
[18] Yadav D s. Performance analysis of LPG cok stoves with modifications[C]// Interntional conference on recent innovations and
developments in mechanical engineering. Shilong India, 2018.
[19] Ugye R, Kolade A, Abdullahi A J. Comparative Studies of
Cooking Fuels and the Need to Harness Induction Cooking:
South Africa as a Case Study[J/OL]. American Journal of
Engineering Research (AJER, 2019(8): 155-161. www.ajer.org.
[20] Amrit N. Monthly life cycle cost of cooking with different
fuels[Z]. 2018.
[21] Satyavada H, Baldi S. Monitoring energy efficiency of condensing boilers via hybrid first-principle modelling and estimation[J/OL]. Energy, 2018, 142: 121-129. DOI: https:
//www.doi.org/10.1016/j.energy.2017.09.124.
[22] Kilinc E. Investigation of Overall Efficiency Improvements and
Saving Opportunities for an Industrial Boiler[J]. karabuk, 2018
(April).
[23] Bansal P. High Efficiency Room Air Conditioner[J/OL].
2015. http://www.ntis.gov/help/ordermethods.aspx{%}0Ahttp:
//www.osti.gov/contact.html.
[24] Yu X, Yan D, Sun K, et al. Comparative study of the cooling energy performance of variable refrigerant flow systems
and variable air volume systems in office buildings[J/OL]. Applied Energy, 2016, 183: 725-736. DOI: https://www.doi.org/
10.1016/j.apenergy.2016.09.033.
[25] Piljae Im, Mini Malhotra J D M. Evaluation of VRF systems performance on Oak Ridge National Laboratory’s Flexible research

Page 81

Energy demand analysis of five star hotel in Nepal- A Case Study of Bhairahawa, Nepal
plateform:- part 1 cooling season analysis[R]. 2016.
[26] Wang J C. A study on the energy performance of school buildings in Taiwan[J/OL]. Energy and Buildings, 2016, 133: 810822. DOI: https://www.doi.org/10.1016/j.enbuild.2016.10.036.
[27] Yao Z, Zhuang Z, Gu W. Study on Energy Use Characteristics
of Hotel Buildings in Shanghai[C/OL]// Procedia Engineering:
volume 121. 2015: 1977-1982. DOI: https://www.doi.org/
10.1016/j.proeng.2015.09.195.
[28] NEEP/GIZ, NTNC. Baseline Study of Selected Sector Industries to assess The Potentials for more Efficient use of Energy:
February[R]. 2012: 29-36.
[29] Shiva Raj T, Rabindra Nath B, Bhisma P. Energy Demand
Analysis of a Sample of Five and Four Star Hotels in Kathmandu
Valley[C]// IOE Graduate Conference, 2015. 2015: 273-280.

S. Acharya et al. / JIEE 2021, Vol. 4, Issue 1.

Page 82

Design modification and performance testing of solar assistive
electric vehicle
Sudan Neupanea,∗ , Pankaj Joshib , Subas Badub , Rohit Kumar Kalaunib and Bijay
Prakash Rajakb
a Department
b Department

of Industrial Engineering, Thapathali Campus, Institute of Engineering, Tribhuvan University, Kathmandu, Nepal
of Automobile and Mechanical Engineering, Thapathali Campus, Institute of Engineering, Tribhuvan University, Kathmandu,

Nepal

ARTICLE INFO
Article history:
Received 09 Jan 2021
Received in revised form
09 Feb 2021
Accepted 16 Feb 2021

Keywords:
Ecofriendly
Solar Power
Solar Assisted
Electric Vehicles
Renewable Energy

Abstract
One of the front runners in the area of renewable energy today is solar power. It is a cheap
and ecofriendly means of power generation. Solar power is converted into electrical energy
using photovoltaic cells. This harnessed electrical energy can be used to charge battery of
EV. The objective of this project is to convert IC trike into electric vehicle and then assisted
by using solar energy so that the range of the vehicle can be increased. This project involved
the performance testing of an electric vehicle along with comparison with solar assisted. The
vehicle we used is a single seated IC trike with skeleton structure generally used for racing
purposes. The aim was to implement our idea on an IC trike and afterwards with help of
result obtained to extend our future work on building a real time solar assisted electric vehicle.
During the testing it is found that the electric trike operate at maximum speed of 38.4 km/hr.
with 17.29 km range and 21.28 km while solar assisted with speed of 34.5km/hr. The solar
assisted EV in turn resulted an increment of mileage by 23% and the additional money invested
will be returned in 7.8 years. Conclusively, the solar assisted EV gained range while having a
decrement in speed of the vehicle. The overall experiment favored the solar assisted EV.

©JIEE Thapathali Campus, IOE, TU. All rights reserved

1. Introduction
Solar Vehicles refers to the production of electricity
through solar energy using photovoltaic cells (PVC)
which is then stored in batteries. The trike runs by using
the energy stored in battery. PVCs are the components
in solar panel and are made up of semiconductor, usually
of silicon that absorbs the light. Electricity so produced
is used to drive the motor of the vehicle. Three wheeler
is a vehicle with three wheels. The advantage of a three
wheeler is that it has quite a small turning radius as compared to a four wheeler with same track (lateral distance
between wheels) and wheelbase (longitudinal distance
between axles). Three wheeler are more efficient than
four wheeler of same weight. Lesser rolling resistance
means greater mileage. It is quite beneficial over aerodynamic drag. Electric Vehicles were introduced in
∗ Corresponding

author:

neupanesudan@ioe.edu.np (S. Neupane)
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Kathmandu in 1975 when the Chinese Government set
up the trolley bus system along the 13-km route between Tripureswor and Surya-Binayak. After that, the
EV movement took off in 1989, when a fuel crisis resulting from the India imposed trade embargo prompted
a group of engineers to find an alternative arrangement
for transportation.
The group called the Electric Vehicle Development
Group converted an old car into an EV in 1992. In
1993, the Global Resources Institute, with assistance
from USAID, began a program to develop EVs as a
profitable industry. The project converted 7 polluting
diesel operated threewheelers into EVs (Safa Tempos),
and successfully operated them as public vehicles for
six months. Currently, over 600 Safa Tempos are plying
on the streets of the valley and there are five EV manufacturers. Following rapid growth in the late 1990s,
the EV industry has been unable to grow further in the
last few years mainly because of conflicting government
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Figure 1: Basic block diagram representation of Solar Vehicle

policies and high operation costs. But nowadays the
automobile company like Mahindra, Hyundai, Kia are
introducing electric vehicle in Nepal because of increasing interest of customer toward renewable energy. Nepal
receives 4.7kWh/m2 solar energy per day [1] making it
a favorable source of energy. Still the solar technology
in field of vehicle is yet to be discovered as there is no
such recognizable research in the field of solar EV in
Nepal

Figure 3: Working principle of solar assistive electric
vehicle

2. Literature Review
Figure 2: Design modification of three wheeler

S. Neupane et al. / JIEE 2021, Vol. 4, Issue 1.

Since the beginning of the industrial revolution, the rate
of energy consumption has increased at an alarming rate
due to skyrocketing consumption by industries and general population. This situation can be overcome with
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mass production of the photovoltaic (PV) cell which
uses solar energy with low fluctuation converted into
electrical energy. Solar energy is one of the important
sources of renewable energy which can be a feasible
alternative to fossil fuels. Many works has been done in
order to incorporate solar energy to every day transportation. The electrical energy is obtained by converting
the sun’s energy by the photovoltaic (PV) cell. By using this method, solar vehicles can be run to reduce the
pressure on the energy sector ultimately reducing the
effect of carbon emissions. “A Solar Vehicle Based On
Sustainable Design Concept” describe the integration
of the off-the-shelf mechanical and electrical components for the solar vehicle. The solar cars used two front
wheels with effective steering and suspension systems,
a rear wheel with built-in direct current (DC) motor and
aerodynamic body shape that had resulted in high speed
solar cars, capable of reaching a top speed of 120 km/h
and able to complete the race of 3000 km distance form
Darwin to Adelaide in 4 days [2].The paper entitled
“Design and Development of Solar Assisted Bicycle”
was written by an Indian student of Tirupathi. The product, a solar assisted bicycle, was driven by a DC motor
fitted in the front or rear axle housing & operated by
solar energy. The solar panels mounted on the carriage
charged the battery which in turn drove the hub motor.
When the bicycle was idle, the solar panel charged the
battery. The solar assisted bicycle had a power rating
of 250 W and travelling speed of around 25-30 km/h
[3].

4. Result Analysis
This is the section where actual performance testing is
done. It includes basic analysis about performance of
electric trike and solar assistive electric trike. The obtained data and the graph show that with the installation
of solar assistive system on the electric trike, its performance gets changed. With addition of solar around 31
kg of the weight is added to the trike so the velocity of
solar assistive system decreases but the current drawn,
power used and torque increases at same throttle angle
in reverse and forward direction of the vehicle.
The obtained data and the graph shows that the current,
RPM, power drawn increase linearly with the throttle
angle. At higher angle of throttle the all values get
saturated. At no load condition only 161W power is used
from battery in forward and 44.61W in reverse condition
at maximum throttle. The current consumption and the
RPM of the motor is less in reverse condition then in
forward direction.

3. Methodology
Project Proposal and Presentation

Figure 5: Relation between throttle angle and velocity

Literature Review
Planning of Project
Market Visit
Conversion
Trike Testing
Result Analysis

Figure 6: Relation between throttle angle and power
Final Reporting

Figure 4: Flowchart showing Methodology of Study
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6. Acknowledgement

Figure 7: Relation between throttle angle and current

5. Conclusions and
Recommendation
Performance testing of electric trike showed the maximum speed of trike to be 38.4km/hr. and ranges up to
17.29 km. Similarly, maximum speed while addition
of solar panel was found to be 34.5km/hr. with range
of 21.28 km. The overall comparison between electric
trike and solar assisted trike concluded in increment
of range by 23%. The additional money invested on
installing the solar to electric trike will return in 7.8
years. As solar panel lasts up to 20 yrs., the further benefit will be of free of cost. As mentioned on objectives
of the project, the result seems to fulfill its quest. So
the modification done in this trike bought the positive
result.
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acknowledge them. we would like to acknowledge the
contributions of our Campus (IOE Thapathali Campus)
and the university. Our sincere thanks go to the Campus
Chief of IOE Thapathali Campus Er. Janardan Bhatta
for the institutional support. He also supported us by
giving me the permission to visit the experimental site
for conducting research work. Last but not least, we
would like to thank the experts from university grants
commission for selecting this research work and giving
us the grants to carry the research work
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Although the main objective of this project is to convert
a pre-existing 3 wheeled trike, the main focus is to assist
any electric vehicles. The idea is to apply this result
on commonly used electric vehicles. So, some of the
recommendations for better improvement of results are
stated as:
i Use of lithium ion battery for reducing weight.
ii Use of flexible solar panel to use it as the super
structure.
iii Use of efficient solar charge controller to track
maximum power from sun.
iv Use of high power motor for high performance.
v The BMS system can be used for increasing battery performance.
vi Mono crystalline solar panel can be used for high
performance.
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Abstract
Searching images in a large database is a major requirement in Information Retrieval Systems.
Expecting image search results based on a text query is a challenging task. In this paper,
we leverage the power of Computer Vision and Natural Language Processing in Distributed
Machines to lower the latency of search results. Image pixel features are computed based on the
contrastive loss function for image search. Text features are computed based on the Attention
Mechanism for text search. These features are aligned together preserving the information in
each text and image feature. Previously, the approach was tested only in multilingual models.
However, we have tested it in the image-text dataset and it enabled us to search in any form of
text or images with high accuracy.

Computer vision
Attention mechanism
Contrastive loss function
Natural language processing
Information retrieval systems

1. Introduction
There are various approaches [1] [2] for the information
retrieval process which requires the query to be text and
the output to be Image. Here, we are dealing with two
different types of data which are generally processed
differently. The one approach [3] is to store all of the
data including output images and probable text in a predefined schema forecasting all the possible use cases.
But, as the data keeps on growing, it becomes hard
to maintain it, and the throughput of the system also
decreases which is not desired on a production scale.
Here, An architecture is proposed that works in a distributed system and optimizes by state-of-the-art feature
extraction methods, and still tackles the problem of the
multivariate data source of text and image in a query.
The system first calculates the image features. Image
features are extracted based on the Generalized Image
Detection model [4] which detects various landmarks
inside an image frame. The detected landmark will be
used to generate features based on an encoder model. In
the second step, text features are calculated from the la∗ Corresponding
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bel of the image dataset based on a language model. At
this point, Only the power of data type dependent models have been utilized but can be used only separately.
To combine these features, a multi-domain model was
created in order to learn a mapping from the text to the
image feature using Procrustes alignment.

2. Architecture overview

Figure 1: Model architecture flow

In this paper, images with its description were fed into
two models. The image model consisted of a Detector
model and the embedding model. An image forwarded
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to the image model outputs various localized detections
and embedding is calculated through the embedding
model. Similarly, The description was forwarded to
the NLP model which outputs text embedding. Both
embeddings were aligned together based on Muse Architecture [5]. The aligned embedding was then stored
in the distributed vector storage [6]. This enabled us to
search the expected image, to be searched either by images or by text similar to what we had in the description.
The model inference was done as a distance query with
Anisotropic Vector Quantization.

2.1. Image features
The simCLR [7] architecture is picked for calculating
the features of images. The architecture depended on
two random image augmentation. The backbone of
the model was Resnet50 [8]. A small fully connected
linear neural network was used to project the backbone
model’s embedding into another space. In the end, the
contrastive loss was calculated. The loss value was
decreased when the images were similar.

[9] implemented based on the PyTorch-lightning library.
Batch size of 256 and epoch of 50 performed well for the
embedding extraction process. The small network that
is used after the image representation vectors calculated,
consisted of two linear layers combined with a ReLU activation unit. The size of both layers is based on the size
of the embedding which is 512. The output embedding
was then stored in distributed vector storage.

2.2. Text features
Text features representation was calculated on text sequence based on self-attention mechanism. Attention
function consists of the query, key-value pair, and the
output, where each of the entities is vectors [10].
(
)
𝑄𝐾 𝑇
Attention(Q,K,V) = softmax √
(2)
𝑑𝑘

The model architecture is the same as GPT-2 architecture [10]. Just like Image embeddings, Text embeddings
are also stored in vector storage and ready to send both
embeddings to the alignment model

2.3. Alignment model

Figure 2: Image feature extraction process

It is important to note that the contrastive loss function
proceeds in a batch of images. The value of the loss
is less for the same positive pair of images with augmentation. Whereas, for a negative pair of images, the
loss would be more. Definition of the loss for pair of
positive examples (i) and (j) defined as [8]:
𝑙1,2

=

−𝑙𝑜𝑔

exp[𝑠𝑖𝑚(𝑧𝑖 , 𝑧𝑗 )∕𝜏]
2𝑛
∑

⊮[𝑘≠1] exp[𝑠𝑖𝑚(𝑧𝑖 , 𝑧𝑗 )∕𝜏]

(1)

The features from both the image and text model were
differently aligned. In order to use both features in a single database and query, the vectors need to be aligned in
a single vector space. The alignment model [5] was used
in the multilingual language model but it did not perform well as there are many rare words and can be used
in different contexts. However, in our case of image-text,
a dataset has been sampled and a balance labeled dataset
is used in order to achieve a higher alignment model.
The task of the alignment model is to learn mapping
W without any cross-domain, image-text, supervision
[5].
𝑊∗
With
∑
𝑈
𝑉𝑇

=

argmin𝑤∈𝑂𝑑 (𝑟) ∥ 𝑊 𝑋 − 𝑌 ∥𝐹

=

𝑈𝑉 𝑇

=

𝑆𝑉 𝐷(𝑌 𝑋 𝑇 )

(3)

𝑛=1

Where 1[𝑘6 = 𝑖] ∈ {0, 1} is an indicator function evaluating to 1 iff 𝑘 ≠ 𝑖 and 𝜏 denotes a temperature parameter. An appropriate temperature is needed for a model
to learn from hard negatives. In this paper, the value of
𝜏 was taken as 0.01 based on the analysis done in the
original paper [7]

In our implementation, the base model of frozen
Resnet50 was trained on the Imagenet21k dataset, and
gradients were calculated in a single layer only. This
also yielded higher accuracy. The learning rate for the
model was calculated based on the LRfinder algorithm
J. Bhatta et al. / JIEE 2021, Vol. 4, Issue 1.

The domain-adversarial approach is used for learning W.
let’s take 𝑋 = {𝑥1 , 𝑥2 , ..., 𝑥𝑛 } and 𝑌 = {𝑦1 , 𝑦2 , ..., 𝑦𝑚 }
two 𝑛 and 𝑚 word embeddings coming from image and
text respectively. A discriminator model will train in
order to differentiate between 𝑊 𝑋 = {𝑊 𝑥1 , ..., 𝑊 𝑥𝑛 }
and 𝑌 . On contrast,𝑊 , mapping matrix, is trained
in order to fail the discriminator model to differentiate the two vectors. The discriminator and the 𝑊 are
trained successively with stochastic gradient updates in
each input image step. A synthetic global dictionary
is built with CSLS (Cross-domain similarity local scaling). Since Images don’t have any vocabulary, a custom
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index is assigned to label the output of images. The
mean cosine of embedding pair based on the dictionary
is chosen as validation metrics for the alignment model.
The mapping 𝑊 is further optimized by Procrustes optimization. Once the text and image embeddings are
aligned, the alignment matrix is saved for the inference
cycle.

3. Performance
For each inference cycle, embeddings are generated
based on user queries. Those embedding are then
aligned using the alignment model and searched in the
vector space. A Distributed system vector space is used
in order to store vectors in millions scale. As the Distributed system stores vectors in a clustered fashion.
The inference querying cycle is heavily optimized using
the center of cluster to search at first and then using the
nearest units to get all the output. Some results of the
system are shown in Figure 3.

shown in Table 1.

Table 1: Result table based on the time taken and query
size based on accuracy
topK
1
10
100
1000

Time taken
(msec)
0.02
0.08
0.2
0.3

Accuracy
(%)
99
97
91
76

4. Conclusion
The accuracy of the system increases with the combination of image features as well as the text features. The
usability of this particular Information retrieval is more
as the inference speed is below second. The use of a
distributed database system also ensures less latency
even though topk of the query is increased.
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Abstract
After excavation, insitu stress conditions are changed which lead deformation due to the stress
concentration. For the stability in the excavated tunnel profile, appropriate support system is
essential. For the analysis, site specific data are used from Higher Himalayan Region of Nepal.
Study is focused on 3 m and 6 m size inverted D Shaped tunnel with three different overburden
thickness. For the analysis of support system: Empirical method, Analytical method and
Numerical Modeling are performed. Result obtained from the different approaches for three
different overburden heights as well as for both size tunnels are compared and finally required
support system is recommended. It was found that with increase in size of tunnel there will be
significant increase in deformation. Overburden thickness is also playing the vital role in this
parameter but size effect is more prominent.

Tunnel
Support system
Rock mass properties
Finite element analysis
Longitudinal displacement profile

1. Introduction
Affordable clean energy is the seventh goal of sustainable development goals envisaged by the United Nations
[1]. The clean energy comprises the renewable energy
i.e. hydropower, wind energy and solar power. In context of Nepal Hydropower is the most economical source
of clean energy [2]. However, the hydropower demands
many large structures and huge construction works like
dams and tunnels. Since the geology of the Nepal is
young and fragile [3] construction of tunnel faces many
challenges. The foremost challenge is to provide proper
support for excavated surface to prevent or limits the
deformation and the dilation of rock mass that may lead
to collapse. Support system in tunnel is essential to
enhance the ability of the rock to be self-supporting.
Rock masses are quite strong if progressive failure along
planes of low strength is prevented [4].
Basically the support system provides tensile, shear,
and/or frictional strength across discontinuities. The
shear strength of the discontinuities will always be less
∗ Corresponding

author:
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after slippage or separation takes place. For this reason,
the support system should be installed as soon as possible after the excavation is made. The discontinuous
nature of rock masses permits many possible modes of
deformation [4]. Therefore, during analysis of rock support, the primary emphasis should be to guard against
the most probable modes of deformations.
The study is focused in the analysis of support system
for underground excavation by using the combination
of shotcrete reinforced with wire mesh and rock bolts
in the HRT of Upper Tamakoshi HEP. To fulfill the
objective, analysis from empirical, analytical and finite
element based numerical modeling with the help of
Phase2 (version 7.0), developed by rocscience group is
applied.

Optimization of the support system is carried from longitudinal displacement profile drawn from the analytical
method. Stresses and deformations induced after excavation in the tunnel are observed from the analytical
method as well as model created on Phase2 and finally
required support system is proposed.

kalyanpaudyal@gmail.com (K. Paudyal)
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2. Literature Review

SRF : Stress Reduction Factor

In our common practice supports systems are: temporary support and permanent support. The temporary
supports are installed just after excavation to stop the
further deterioration of the rock mass and to provide
immediate support to the rock mass for the tunneling
works to continue. The Permanent support (like concrete lining) are installed in due course of time after
the temporary support to take up the stress induced, including the long term stresses and to limit deformation
within the tunnel[4]. The temporary supports such as
shotcrete and steel sets sometimes can be considered permanent support if no further support like concrete/steel
lining is to be added and the preliminary support take up
the entire load and limit deformation. Furthermore, with
the advent of technologies like TBM and Shield tunneling required support is installed one at a time functions
as permanent and temporary support disappears.

The numerical value of the index Q is very sensitive [9]
and varies in logarithmic scale from 0.001 to a maximum of 1000. According to the Q-system, support can
be estimated based on Q-values and Span/ESR (after
Norwegian Geotechnical Institute, 2013) as shown in
the Figure 1 [10].

For the analysis, three different methods are basically
applicable. They are empirical, analytical and numerical
methods.

2.1. Empirical approach
Empirical analysis method relates practical experience
gained on previous projects to the conditions anticipated
at a proposed site and requires experience as well as engineering judgment. Rock mass classification systems
are an integral part of empirical tunnel design and have
been successfully applied throughout the world as a
unique method for design.

Barton et al. (1974) proposed the Q- system of rock
mass classification on the basis of about 200 case histories of tunnels and caverns. The system was initially
developed for tunneling cases in hard and jointed rock
mass [5], and thus, this system is more often applied in
jointed rock mass [6]. However, its application in tunnel support design is limited to an equivalent dimension
(De) ranging from 2.5 to 30 and a Q value ranging from
0.1 to 40 [7]. They have defined the rock mass quality
Q by the causative factors as in Eq. 1 [8].
Q

(
=

J
RQD J𝑟
× × 𝑤
J𝑛
J𝑎 SRF

)

Where,
RQD : Rock Quality Designation
J𝑛

: Joint set number

J𝑟

: Joint roughness number

J𝑎

: Joint alteration number

J𝑤

: Joint water reduction factor
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(1)

Figure 1: Rock Mass Quality and Rock Support

2.2. Reinforcement Categories
i Unsupported or spot bolting
ii Spot bolting
iii Systematic bolting, fibre reinforced sprayed concrete, 5-6 cm
iv Fibre reinforced sprayed concrete and bolting 6-9
cm
v Fibre reinforced sprayed concrete and bolting 912 cm
vi Fibre reinforced sprayed concrete and bolting 1215 cm + reinforced ribs of sprayed concrete and
bolting
vii Fibre reinforced sprayed concrete >15 cm + reinforced ribs of sprayed concrete and bolting
viii Cast concrete lining
ix Special evaluation

2.3. Analytical method
The construction material “rock” is a natural, nonhomogeneous material. In most cases, rock deformations are of plastic nature, or at least partly elastic or
partly plastic [4]. The concept developed for interaction
of load-deformation characteristics of rock mass and
support system, results in the convergence confinement
method (CCM), which is often used in design of support based on idealized uniform stress field and circular
opening.
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To find out appropriate timing for installation of support against displacement for analysis, it is important to
plot longitudinal closure or displacement profile for the
tunnel [11]

on their respective roles and the associated outputs anticipated. The major parameters under consideration are
the stresses induced, strength of the rock mass under consideration, the associated deformation as well.

2.4. Numerical Modeling

To fullfill the objectives of research, results are drawn
by using following methods as follows:

Any geotechnical problem associated with tunneling can
be analyzed by using different models which represents
the in-situ conditions and the problems associated. The
methods or models that can be adopted in this context are
Mathematical models, Physical model and Numerical
models.
All of the above models have their own advantages and
disadvantages. The mathematical model, which follows
the closed form method of analysis, although the simplest of the three is limited to linear elastic constitutive
behavior and thus cannot be used in cases of rock masses
as the rocks exhibit plastic behavior and time dependent
deformation. The Physical models although in many
senses give the best representation of a field problem is
mostly used for research purposes because of the time
and cost related and moreover the complexity of the
process itself.
When the ground exhibits large deformation and/or
when the support is very stiff and installed close to the
tunnel face, the results obtained with the convergence
confinement method may significantly differ from those
obtained using 3D numerical modeling. As well as
CCM method is limitedly applicable for circular tunnel
only. In such conditions, Numerical modeling has been
gaining popularity in the analysis of complex problems
related to tunneling due to the simplicity of use, the
accuracy of representation and the much reduced time
and cost. The use of these techniques is now firmly embedded in rock mechanics [4]. Numerical modeling is
considered to be the optimum tool for the analysis of support system in tunnels. For the analysis from Numerical
Modeling, Phase2 7.0 is a powerful 2D elasto-plastic
finite element stress analysis program for underground
or surface excavations in rock or soil. It can be used for
a wide range of engineering projects and includes support design, finite element slope stability, groundwater
seepage and probabilistic analysis. Complex, multistage models can be easily created and quickly analyzed.
For example: tunnels in weak or jointed rock, underground powerhouse caverns, open pit mines and slopes,
embankments, and much more. Progressive failure, support interaction and a variety of other problems can be
addressed [12]

3.1. Empirical method (Q-system)
The Q-system provides a much wider range of support systems. Hence this is compatible for frequently
changing geological parameters like our Nepalese geology.

3.2. Analytical method (CCM)
This method enables calculation of average radial pressure applied to the support by the intersection of two
curves representing the radial stresses as a function of radial strain. As well as displacement and stresses in rock
masses surrounding an excavation are controlled. Moreover, CCM is applicable for the analysis of longitudinal
displacement profile along the tunnel face.

3.3. Numerical Modeling
Finite element analysis based Phase2 , version 7.0, is
used for analysis from numerical modeling. Parameters related with rock mass behavior are acquired from
Upper Tamakoshi HEP area to simulate the tunnel behavior. Procredure followed for modeling have been
summarized as follows:

3.3.1. Preparation of Geometrical model
The geometrical model is prepared with the determination for size of model and opening. Boundary conditions
are applied. The model assumes a plastic zone around
the excavation due to the failure of rockmass. Plastic
zone is represented by the yielded elements of the control volume surrounding the excavation. Discretization
of the control volume will be done by the creation of
a mesh which is generated automatically by the software Phase2 . For the preparation of the mesh, the six
noded triangular elements are used, which is the inbuilt
element in Phase2 .

3.3.2. Assigning of Materials properties
In the analysis two distinct regions are considered,
one just around the excavation and another far from it,
each representing the perfectly elasto-plastic and elastic
zones. Hence, Generalized Hoek Brown parameters
and constants are taken. After classifying the materials
characteristics as Elasto plastic in the Phase2 model,
material properties are assigned

3. Research Methodology
The methodology can be determined depending upon
the parameters under consideration and analysis based
K. Paudyal et al. / JIEE 2021, Vol. 4, Issue 1.
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3.3.3. Application of Boundary Condition to the
Model
A fixed boundary condition in all direction (i.e. restrained in Ux and Uy) is considered representative of
the rockmass condition. Analysis is carried out for varying input parameters such as stress ratio (k), overburden
thickness and size of tunnel. The formtion of plastice
zone, stresses induced and deformation formed are observed from numerical modeling according to the Generalized Hoek Brown failure criteria. Support system is
optimized by changing thickness and grade of shotctre
along with the specification of mesh. As well as length
and diameter of rockbolts are also changing parameters
for the safe and economical support. Tensile strength
of steel for rockbolt is generally proposed same for the
convenience.
Table 1: Properties of material (Site specific of HRT
from Upper Tamakoshi, HEP)
S.No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

Description
Rock type
Unit weight of rock
Overburden thickness
Stress Ratio (k)
UCS of rock
Poisson’s ratio for rock
Modulus of elasticity
(E) for rock
RMR value of rock
Q value of rock
GSI value of rock
Material properties
of rock, m𝑏
s
a
Disturbance factor (D)
Tunnel size
Tunnel shape

and for 6m diameter tunnel 2.4 m long rock bolt is required.

4.2. Limitations
Q-system of rock mass classification (after Hoek et al.,
(1995) only accounts for the Q value and the overburden of the tunnel is not considered. Hence, the above
chart only gives the general assessment of the support
system and the induced stresses are not truly considered. The chart only gives rough idea about the support
system.

4.3. Analytical method
The convergence confinement method has been used for
the analytical method as described earlier. Summary of
the results is shown in Table 4 and the output plots for
tunnel support interaction (as a sample plot) from this
method are presented in Figure 2, 3, 4, 5 and 6

Value / Category
Banded Gneiss
2.7g/cm3
66.3m - 851.1m
1.93
101 – 553 kg/cm2
0.2
36600 Mpa
50
5
45
2
0.012
0.5
0.7
3m and 6m
Inverted D Shaped

Figure 2: L/D profile For 3m Diameter and 453.00 m
cover

4. Analysis, Result and Discussion
4.1. Empirical Methods
Using geological/geotechnical parameters from Upper
Tamakoshi Hydroelectric Project and parameters involved, from empirical approach, support was assessed
as per the requirements for the Q-system of rock mass
classification provided in Figure 1. Table 3 presents
required support for tunnel excavation.

For 3m diameter tunnel, Tunnel Span or Height (m)/ESR
value is 1.88 and for 6m diameter tunnel, this value is
3.75. In these both conditions, shotcrete is not required
for the tunnel support. In both conditions spacing of
rock bolt is suggested between 1.0–2.0 m. Length of
rock bolt for 3m diameter tunnel is required 1.5 m long
K. Paudyal et al. / JIEE 2021, Vol. 4, Issue 1.

Figure 3: L/D profile For 6m Diameter and 450.00 m
cover

4.4. Discussion with analysis on the
results/output plots for Analytical
Methods
The support interaction analysis for inverted D shaped
tunnel of 3m and 6m diameter has been performed for
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Table 2: Rock types and rock cover (Overburden) drawn from alignment of HRT, Upper Tamakoshi, HEP
Tunnel
Segment
First

Chainage

Rock type

0.000 to 3390.50

Banded Gneiss

Average
rock cover
440.00 m

Second

3390.50 to 5631.20

Banded Gneiss

851.00 m

Third
Fourth

5631.20 to 7861.48
2735.30 to 2792.18

Banded Gneiss
Banded Gneiss

450.00 m
66.00 m

Remakrs

Segment first and third are designed considering 450.00 m cover.
To analyze the effect of minimum overburden
Overburden considered for analysis
To analyze the effect of minimum overburden

Table 3: Rock types and rock cover (Overburden) drawn from alignment of HRT, Upper Tamakoshi, HEP
Q
Value
5
5

Excavation Support Ratio(ESR)
1.6
1.6

Tunnel Span
or Height (m)
3
6

Tunnel Span or
Height (m)/ESR
1.88
3.75

Spacing of
Bolt (m)
1.0-2.0
1.0-2.0

Length of
Bolt (m)
1.5 m
2.4 m

Rock
Type
C (Fair)
C (Fair)

Remarks
No shotcrete
No shotcrete

Figure 4: Tunnel Support Interaction Curve For 6m
Diameter Tunnel and Overburden Thickness 851.00m
(Side wall)

Figure 6: Tunnel Support Interaction Curve For 6m
Diameter Tunnel and Overburden Thickness 851.00m
(Roof)

Figure 5: Tunnel Support Interaction Curve For 6m
Diameter Tunnel and Overburden Thickness 851.00m
(Floor)

diameter tunnel: very little deformations are noticed
and support systems is not suggested for this condition.
For other conditions, defomations for diffent stage is
calculated. Considering the deformations on the tunnel
excavation, the required support system has been designed. For the six different models of analysis, grade of
concrete for shotcreting was considered 25mpa, 30mpa
and 35mpa with thickness variation. Rokbolts of 20
mm and 25 mm diameter are used. For the different
overburden thickness and size of tunnels, three types of
support systems, considering support 1, support 2 and
support 3 has been used to optimize and only support
1, category has been suggested as a required support
system.

three different overburden thickness by considering the
equivalent diameters. For the shallow overburden thickness of 69 m for 3m diameter tunnel and 66 m for 6m
K. Paudyal et al. / JIEE 2021, Vol. 4, Issue 1.

Tunnel support interaction curves are plotted (as shown
in figure above) from the analytical methods according
to the ground conditions for both size of tunnel as well
as for different overburden thicknesses. As a sample
illustrartions, of 6 m diameter tunnel with maximum
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Table 4: Summary table of Analysis from Analytical Method
Tunnel
Size
(m)

Overburden
Thickness
(m)

Compressive
Thickness
Strength of
of Shotcrete
Shotcrete
(mm)
(Mpa)

3

69.00

25

Support system not recommended due to minimum deformation on fair rock.

6

66.00

35

Support system not recommended due to minimum deformation on fair rock.

3
6
3
6

453.00
450.00
854.00
851.00

35
35
35
35

50
200
100
250

Diameter of
Bolt (mm)

25
25
25
25

Length of
Bolt (m)

2.4
2.8
2.4
2.8

Spacing
of Bolt in
meter (In
plane and
out plane)

Allowed deformation (mm)

1.2
1.4
1.2
1.4

0.248
3.760
4.661
9.266

Deformation at Support Installed (m)

No of Yielded Elements

No of Yielded Bolts

No of Yielded Liner Elements

Compressive Strength of Shotcrete (Mpa)

Thickness of Shotcrete (mm)

Diameter of Bolt (mm)

Length of Bolt (m)

0.0017
0.0021
0.0091
0.0169
0.0173
0.0276

0.0018
0.0035
0.0092
0.0176
0.039
0.0869

No
No
116
116
264
246

No
No
No
3
No
5

No
No
No
No
No
No

25
25
25
30
35
35

30
30
50
100
150
360

20
20
20
25
20
25

2.4
2.8
2.4
2.8
2.4
2.8

1.2
1.4
1.2
1.4
1.2
1.4

Spacing of Wire Mesh in mm

Deformation at Relaxation (m)

69.00
66.00
453.00
450.00
854.00
851.00

Diameter of wire mesh (mm)

Overburden Thickness (m)

3
6
3
6
3
6

Spacing of Bolt in meter (In plane and out plane)

Tunnel Size (m)

Table 5: Summary table of support analysis from Numerical Modeling

4
4
4
4
4
6

15
15
15
15
15
15

overburden thickesss is presented separately for roof,
side wall and floor.

with stress and deformations. Such that applied support
must be stable within the factor of safety.

4.5. Numerical modeling

4.6. Discussion with analysis on results/output
plots for Numerical Modeling

Figure 7, 8, 9 and 10 shows support capacity plot (thrust
vs. moment and thrust vs. shear force) of shotcrete for
lining with 25 mpa. The plot is safe for the required
factor of safety.
Figure 11 shows the triangular nodded discretized model
with installation of support (Rockbolts and shotcrete
lining) and contours for maximum shear strain and total
displacement are shown in Figure 12 and 13. Support
system is optimized with trial process being concerned
K. Paudyal et al. / JIEE 2021, Vol. 4, Issue 1.

According to the procedures mentioned in methodology,
only optimized support requirements are compiled as
a different option of support for the particular model.
For analysis, grade of concrete for shotcrete was ranging from 25mpa to 35mpa with thickness variation.
Rokbolts of 20 mm and 25 mm diameter has been used
with tensile strength 500 mpa. Wire mesh of 4mm and
6mm diameter as a reinforced material for shotcrete has
been used at 15cm spacing of square mesh. 10 cm to
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Figure 7: Illustrations of support capacity plots: Thrust
Vs Moment

Figure 10: Illustrations of support capacity plots: Thrust
Vs Shear force

Figure 8: Illustrations of support capacity plots: Thrust
Vs Moment

Figure 11: Triangular nodded discretized model

4.7. Effect of overburden thickness and size of
tunnel
For the analysis, overburden thickness of headrace
tunnel are grouped in three categories namely: low,
medium and high depending upon the thickness of overburden. Tunnel at low overburden thickness: nominal
thickness of shotcrete for the support is sufficient for
both 3 meter and 6 meter sized tunnel.

Figure 9: Illustrations of support capacity plots: Thrust
Vs Shear force
12 cm thick shotcrete has been applied in a single layer
and for the requirement of greater thickness, composite
liner of shotcrete has been used. Factor of safety 1.5 is
considered for analysis and regarding this value support
systems are recommended. For the variation of overburden thickness, significant variation on deformations are
observed. Similarly, significant effect on the variation
of size are also has observed during analysis.

K. Paudyal et al. / JIEE 2021, Vol. 4, Issue 1.

For tunnel at medium thickness of overburden: 6m sized
tunnel is required higher thickness of shotcrete than 3m
sized tunnel . Also rock bolts required for 6m sized
tunnel are larger in diameter and length than 3m sized
tunnel.
For tunnel at higher thickness of overburden: 6m sized
tunnel is required higher thickness of shotcrete, larger
size of rock bolts in diameter and length than 3m sized
tunnel.

5. Conclusion
This research is focused from the available geotechnical
date for Upper Tamakoshi Headrace Tunnel. Analysis
for support system considering 3 m and 6 m diameter
tunnel is performed. Geometry of the tunnel is inverted
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Figure 12: Contours for Maximum Shear Strain

Figure 13: Contours for Total Displacement
D-shaped for both size. For the analysis, three different
overburden thickness is considered as: Low, medium
and high. Variation of overdurden thickness on low to
high is more than ten times, but the variation of overburden thickness on medium to high is nearly two times
for both sized tunnel.

From the analysis: it seems the effect of increasing size
of tunnel is more prominent than the increase in the
overburden depth for the tunnel support. Hence while
selecting an alignment and optimising the size of tunnel
this effect should be considered. Further the use of longitudional displacement profile seems to provide more
safer and economical design for tunnel support.
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