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Recently the effect of greenhouse gases (GHGSs) is worldwide terrified anxiety
to the public and scholars. Even this global problem is one of the great issues
that continuously makes worrying the governments and environmentalists, but
its solution findings are not out of the image at all. In this study, we have
proposed and analysed a mathematical model for the solvable management
of GHGs by sowing the seeds of green building dynamic systems. Moreover,

in the model, the human community is used to enhance the production power
of individuals of green buildings by absorbing the GHGs. The model is
analysed by stability analysis at the equilibrium points: trivial and global
equilibrium, and also by convincing the stability and instability of the system
of equations. The behaviour of the propound model has been developed by
numerical simulations which shows the rate of the fruitfulness of GHG
components.
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1. Introduction

In recent years, green building has become a
powerful tool to fight against global warming.
Generally, green building is not only a specific
construction method but also a gathering of
techniques, fechnologies and equipment
which are applied intfo construction fo make it
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environment friendly. All about green building
targets to make a healthy construction by
reducing ifs impact on the environment. A
green building has a strong way of recycling,
reducing, reusing and renewable resourcing of
materials. A green building can reduce water
and energy consumption, use eco-friendly
building tools, minimize GHG emissions, inspire
renewable abstraction, develop the
environment with trees and roof gardens, efc.
Green buildings help to fight climate change in
two ways. Firstly, by performing energy
efficiency and secondly, by promoting green
communities. If green buildings are established
inside any community, it can maximize their
impact on a healthy environment
undoubtedly.

Buildings, transportation, and industries are
three well-recognised energy consumption
sectors in worldwide (Mardiana & Riffat, 2013).
Both trade and residential buildings are
responsible for consuming one-third energy of
total energy than transport and industries (Gul
& Patidar, 2015; Yau & Hasbi, 2013). In
developed countries, only buildings are liable
to consume 35% - 40% energy of total energy
(Gong & Song, 2015). According to the 4th
assessment report of the Intergovernmental
Panel on Climate Change (IPCC), the emission
of CO2 by building sectors was 8.6 bilion metric
tons in 2004 and it was predicted to arise about
15.6 billion metric tons by 2030 (Metz et al.,
2007). After reaching in 2010, the level of CO2
emission was almost grown up to 8.8 billion
metric tons for building sectors (Edenhofer et
al., 2014). According to the Climate Action
Tracker (CAT), globally 27% of energy-related
CO2 are emitted and 30% of energy are used
for building operation both in manufacturing
and constructing (Lebling et al., 2020). Also, the
Sustainable Buildings and Climate Initiative
(SBCI) predicts that about 33% of GHG
emissions and 40% of energy consumption are
done by the worldwide building sectors (Gong
& Song, 2015). After examining additionally 650
life cycle evaluations of GHGs it is found that as
long as a building lasts it emits a moximum rate
of GHGs which are mostly responsible for
climate change (Rock et al., 2020). The result of
the increasing GHGs record an alarming rate
of global warming in the last decades. The
temperature of the earth becomes warmer
day by day. The average rising in global
temperature was only 0.29°C in 1981-1990 but it
reached 0.820C in 2011-2020 (Roston, 2021). It is
predicted that global warming can reach an
alarming rate by 2050 (Lebling et al., 2020). Due

to global warming, the environmental
ecosystem is getting very damaged in recent
years (Biswas et al., 2016). There are some
adverse effects of global warming in the
environment such as it rapidly declines the
groundwater level (lslam & Biswas, 2020), it
decreases the plankton density in marine
ecosystems as well as oxygen-producing rate
by warming seawater (Mandal et al., 2020), it
also becomes a threat for the living beings near
coastal areas infroducing natural destructive
phenomena (Mandal et al.,  2021).
Furthermore, cities can become 4°C hotter by
2100 than rural areas (Zhao et al., 2021). Day to
day the temperature of cities becomes high
not only for industrialization and population
density but also for unplanned construction. So,
it is necessary fo take a look at building
construction technologies not only to cut GHGs
but also to save cities. There exists a lot of
techniques to reduce GHG emissions from
buildings (Pacala & Socolow, 2004). To
minimize the level of GHG emissions, carbon-
reducing fechniques and renewable energy
segments need to develop (Pal, 2017). The
expansions of renewable energy strategies like
bioenergy potential (Smeets et al., 2007),
geothermal energies (Pollack et al., 1993),
solar, hydro, ocean, wind hybrid sectors
(Rezaie et al., 2011) can boost the energy-
saving techniques of building. Generally, the
application of renewable energies without
using fossil fuels is called zero carbon emission
building (Kaygusuz, 2007). Moreover, to lessen
the energy consumption the residential
apartments can be decorated in a north-south
oriented configuration, but if it is not possible
then the solar chimney wil be a good
alternative (Rahbarianyazd & Raswol, 2018). It
also needs to keep in mind that, buildings need
to be environmentally friendly, technically
aftractive and possibly cost effective (Rezaie
et al., 2011). Adopting the “Smart Cities Plan”
with green infrastructure will be a standard
solution (Zhao et al., 2021). It is also remarked
that cities are mostly influenced by the impact
of globalization since cities are the main ruler of
any country (Kara, 2019). But sustainable smart
city planning is a pleasant and environment-
saving policy with high-quality life and
economy (Sasanpour, 2017). The green
infrastructure can become an effective tool for
industrialization without harming the natural
elements (Reza et al., 2017). An experimental
comparison of sustainable green infrastructure
is demonstrated for different environmental
products of building regions (Nydri, 2011).
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Generally, green infrastructure indicates green
buildings, which is a good initiative to make
sustainable  construction for smart  cities
(Shawkat et al., 2018). Green building is an
ecological indicator against all kinds of toxic
emissions (Liu & Lin, 2016). Each part of a green
building is made to fight against all kinds of
ecological obesity. Green building is quite
helpful to reduce 20% of building-related GHGs
emissions (Nydri, 2011). Green buildings can
reduce about 30%-40% of energy
consumption, lessen about 33% of global GHG
emissions, reduce 30% of water consumption,
reduce 50% of solid waste, provide better
indoor air quality, etc (Reddy, 2016). In green
buildings, the indoor temperature quality can
be improved by the buildings green roof
impact (Jaffal et al.,, 2012). The United States
Green Building Council (USGBC) works for alll
possible countries to make people concern
about the sustainability of the earth for fighting
against GHG emissions, for example, the
logical role of green buildings had statistically
analysed almost all over India on behalf of
GRIHA (Tathagat & Dod, 2015), China recently
adopts green building technologies to reduce
carbon emission (Wu et al., 2017), etc.
Furthermore, many European and South Indian
countries like Manila, India, New York, Mexico,
Tokyo, Singapore, Jakarta, Beijing, etc. are
adopted carbon footprint technologies for
developing urban areas (Sovacool & Brown,
2010). Mathematical modelling is widely used
to demonstrate various types of real-life
problems to create a good prognosis,
determination, arrangements and respiratfion
mechanisms (Mondal ef al., 2017). Any kind of
inferaction or affiimation relationships  of
species is perfected to explain by
mathematical modelling. In mathematical
modelling, we use the changing rate of any
subject according to time, which is expressed
in terms of differential equations. The
differential equation shows the natural
behaviour of the species to cope up with the
environment ecosystem. There are a lot of
dynamics of mathematical modelling, for
example, the SIS epidemic model, the Logistic
model, the Lotka-Volterra predator-prey
model, the SEIR disease model, the SIR
epidemic model, the optimal control strategic
model, etc. Each of the models is used for
descrioing the different-different state of
environmental ecology. For example, the SIS
model is used to describe the rate of natural
births-deaths and disease-related deaths with
time (Hethcote & van den Driessche, 1995), the

SIR model is used to discuss the spread of
epidemiology (Parvin et al., 2020), the Lotka-
Volterra model describes the ecological
dynamics of the interaction of the species
where one is prey and the other one is a
predator (Zhu & Yin, 2009), the optimal control
strategic model generally discusses the control
dynamics of any kinds of an outbreak (Shanta
& Biswas, 2020), the Logistic-Model is used to
describe the carrying capacity of any species
in the environment (Marchetti et al., 1996), etc.
The study deals with green building
technologies and the emission of GHGs by
human communities and their correlations. The
study is aimed to discuss the impact of green
building by absorbing GHG for human
communities.  We have proposed a
mathematical model which contains a set of
non-linear ordinary differential equations to
make the GHG components beneficial by
integrating them info green building
technologies. The model is analytically
analysed first and then numerical simulations
are performed. At each equilibrium point, the
stability analysis has been observed with the
state variables positivity test. The analytical
result is examined with the help of numerical
discussion to approve the model.

2. Material and Methods

We are living in such a present world that is fully
organized with developed artistic creation,
where civilization means highly performed
techniques and fechnologies in every part of
daily necessities. To cope up with this modern
era we have forgotten about the limitation of
natural eco-balance unfortunately. This results
in a curse that, 2020 is addressed as the
warmest year on record (Hausfather, 2020). It is
a very expected result that the Arctic sea ice
line is noticed at arecord level low than before
(Hausfather, 2020). Can we think for a while
about our future era? If the global warming
issues can't be kept in control the earth will not
remain worth for sustain. It is seriously high time
to cut GHGs to save our future world. It is a
great remark that the developed countries use
their land not as much for forestation but much
more for industrialization (Hanley, 2015). The
World Resources Institute CAIT Climate Data
Explorer has made a statistical overview on
global GHG emissions shown in Figure 1. The
United States and China are the top GHG
emission counftries. Figure 1 displays the tfotal
amount of GHG emissions for top GHG emitted
countries in 1990-2012 (Hanley, 2015).
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GHG emission level (Mt)
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Figure 1. Emissions of GHG by the most GHG emitting countries in 1990-2012.

The last official commencement on climate
affairs was carried out by the United Nations
(UN) in December 2015 to discuss the global
toxic emission which is known as Paris
Agreement (Yiimaz, 2021). According to Paris
Agreement, all the countries signed to limit
global warming “well below” to 2°c and if
possible to 1.50C (Lebling et al., 2020). To fulfil
the target each country needs to reduce at
least half of presents emission that is addressed
in the Paris Agreement (Broom & Gray, 2020). It
is quite hard but it is hardly necessary to save
our world literally. But it is a matter of sorrow
that, China emitted 14,093 MMt GHGs in 2019
which was 27% of the total GHG emissions and

the second-highest GHG emitter was the US
which emitted about 11% of the total GHGs
(Larsen et al., 2021). The matter of frustration is,
in 2020 again the top highest GHG emitter was
China. In 2020 China again emitted 14,400 MMt
GHGs, which was 1.7% more than the prior year
(Grant et al., 2021). Due to excess GHGs
emissions, global warming has fied the year
2020 with 2016 around 1.2°C hotter than before
(Roper, 2021). For the exireme increase in
GHGs the temperature is continuously rising
day by day (Roston, 2021). Figure 2 represents
the change of decades average temperature
from 1951 to 2010 (Roston, 2021).
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Figure 2. The rising rate of temperature from 1951 to 2020.

A common question is picked up in all the
minds of environmentalists about the
sustainability of the earth in the future. How
GHGs are produced and what are the main
reasonse In one word we can say, the human
community is the main victim. A huge number
of people on many sides are responsible for
maximum CO2 emissions. This large amount of
CO2 contains other heat-tfrapping gas into the
atmosphere and produce GHG components
such as CHa4, N2O, HFCs, PFCs, and SF¢ which
causes the increase of atmospheric
temperature day by day. We are dreamt to
make a bio-technical green building system
where all of the GHG components are used to
make them fertile. The green building can be
any of a residential building, an industry, a

factory, a commercial building, an
educational institute, a hospital, etc. Suppose
any industrial building is designed on the basis
of green building tfechnologies. The industrial
building stands for refrigerating, air-
conditioning, foams, aerosol cans etcetera’s
production case whose main raw materials are
fluorinated gases (HFCs, PFCs, and SFs). Since
the green building holds a lot of plants that
help to absorb CO2 by photosynthesis.
Photosynthesis helps to keep the atmospheric
temperature in control and also it is a source of
food production. On the other hand, methane
(CH4) and nitrous oxide (N20O) have great use in
biomass planting and ferfilizer or manure
application respectfully. The whole assumption
is displayed in Figure 3.
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Carbon dioxide (CO2
Methane (CHa)
Mitrous Oxide (N20)
Fluorinated Gases (HFC,
PFC, S5Fg)

Greenhouse Gas
[GHGs)

—

Used in
Industries for
Refrigerating,

Air-Conditioning,
Foams, Aerosol
Cans etcetera.

Used for Wet Rice
fields, Cattle or Animal
‘Waste, Landfills and
Biomass Burning

Used for Fertilizer
Production and Manure
Application

Figure 3. Implementation of GHG components to green building dynamic systems.

In our assumption, the GHG components have numerous numbers of energetic ingredients.

been planting info green building systems and
made an artistic tfrack like Figure 4 to establish
a modelling procedure. We have made the

The human community will become beneficial
by consuming the energetic ingredients and
again produce a large number of GHGs.

Again, green buildings will absorb GHGs

methodological concept according to Figure
proportionally for reproducing ingredients.

4. If there is a large amount of GHGs, green
buildings absorb these GHGs and produce

& g %
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Figure 4. The schematic diagram describing the effect of green buildings on GHGs, ingredients, and human communities.
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3. Model Formulation

Mathematical modelling is one of the best
weapons fo illustrate the lifefime behaviour of
any real-life problem. To analyse the impact of
global warming because of exireme GHG
emissions on sustainable cities, a mathematical
model has been formulated by considering
four state variables as the number of green
buildings, the amount of GHGs, the energetic
ingredients producing from green buildings
and the human communities of a certain area.
Here it is typically mentioned that ingredients
are not any kinds of tools it means the
environment-friendly effects that are made by

green buildings like solar energies, water
betterments, temperature assessments,
renewable energies, economical

managements, food technologies, etc. The
proposed model aims to describe how GHG
emissions can be controlled by implementing
green buildings. Figure 4 describes the
interrelation of state variables for the modelling
procedure.

£=A+a1GC—a2G

dt

ac =Q-a,GC+a,HC-a,C
dt

dl

- a;Gl —a HI —a,l
d—H=‘~I’+a6H[—a8H

dt

with the initial conditions, G(0) = G, 2 0;C(0) = C,, > 0;

The parameters that are used in the proposed
model with both their description are given in
Table 1. If green buildings are interacting with
GHG:s, it reduces 20% of GHGs by consumption

(Wang et al., 2014), so we use a, to define the
absorption rate of GHGs by green buildings. In

Table 1. Descriptions of the model parameters with their correspond

To establish the green building model, let us
consider the green building variable G(t)

wherecil—G defines the rate of change of G(¢)
t

dC
aft any time ¢. In the model,d—represen’r the
t

rate of change of GHGs C(¢)at any time ¢.

Also, the green building since produced a
number of energetic ingredients I(¢) so at any

certain time ¢ the rate of change of I(t)is

. dH . o
Again Ie’rd—|den’r|f|es the
t

rate of change of the human community H (¢)

dl
denoted by—.
dt

at any certain time ¢. Here A,Q and ¥ be the
quantity of green building G(t), GHGs C(t)
and human community H(¢) at any certain

time t respectively. A mathematical model
with four state variables is formulated in the
following form according to the schematic
diagram described in Figure 4:

(1)

1(0)=1,20;H(0)=H,>0.
the model a, and g, defines the producing

coefficient of GHGs and the absorption
coefficient of ingredients by human
communities respectively. Also, in the model a;

is used to indicate the number of ingredients
that the green building produces.

ing values.

Parameters Parametric statement
A Amount of green building.
a, Absorption rate GHGs by green buildings.
a, The reduction rate of green building.
Q Amount of GHGs.
a, Rate of human originated GHGs.
a, The reduction rate of GHGs.
a; Production rate of ingredients by green buildings.
a, The adoption rate of ingredients by human communities.
a, The reduction rate of ingredients.
¥ Amount of human community.
a, The reduction rate of human communities.
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4. Model lllustration Analytical Analysis

The system of non-linear ordinary differential
equations (1)-(4) has been analysed in this
section to find the stability conditions of the
proposed model after performing the positivity
analysis.

4.1 Positivity Analysis

Lemma 1: The solution of the state variables
G(), C(t), I(t) and H(t)of the proposed
model is positive if G()>0, C(z)>0, I()>0
and H(t)>0 (Biswas, Hossain, & Mondal,
2017).

Proof: To prove the considered lemma suppose the equation (1) of the model will be,

dG
dt

J‘agdt

.. Integrating factor=e

—2A+4a,GC~-a,G :i{—i}+a96(t)2A [Let(a, —a,C)=ay] (5)

=™ . After multiplying e’ in both sides of equation (5) we get,

9 G a a a dag A
e’ —+e °ta9G(t) > ™' A . Affer integration, we get, Ge™' > "' —+ a, (6)

where a,, is constant.

a,

dy

A
According to the initial condition, G(¢) = G(0) at #=0. So, from equation (6) we get, a,, > (——G]

By using the value of q,, in equation (6) we get,

agt agt A —dg —dy
Ge”' >e” A+(A—G}:>G(Z)2—(l+e ’)—e ‘G(t) .Hence G(t)>0at t=0 and t —> .

ay a a,

Similarly, we can also obtain the lemma for
others state variables and can mention that
C(®)=20,I(t)20and H(t)20at =0 and
{—>0.

Therefore, it is assumed that the state variables
G(), C(t), I(t) and H(t)of the proposed

4.2.1 Global Equilibrium

model of non-linear equations (1)-(4) are
positive on behalf of Lemma 1.

4.2 Equilibrium Analysis

We will find two types of equilibrium for the
propound models such as in section 4.2.1 (the
global equilibrium point) and 4.2.2 (the frivial
equilibrium point).

The global equilibrium can be held by setting the rate of change of all the variables of the model to

dG dC dl dH

zerosuch as — = — —— =0 and by evaluating equations (1)-(4) such as:

dt  dr dt  di
A+aGC-a,G=0

(7)

Q-a,GC+a,HC—-a,C=0 (8)
a,Gl —a,Hl —a,l =0 (9)
Y+aHl —aH =0 (10)
. a;G—a,
From equation (9) we have, a;G—agH —a, =0[- [ #0] => H = =——
ag
(11) Now by using the value of H in equation (8) we get,
G- Q

Q—alGC+a3[ujC—a4C=0:>C: % (12)

as (asa, +a,a) — G(asas —a,a,)
Also, by using the value of H in equation (10) we get,
\P+a6[(a5G—a7]_ag[asG—cg]:O - asa,G—a,a, —Ya, 13

as ag as (asG - a7)

Professor Dr. Md. Haider Ali Biswas, M.Sc. Pinky Rani Dey, Asst. Prof. Md. Sirajul Islam & M.Sc. Sajib Mandal 42


file:///C:/Users/TECHNO2000/Downloads/Hossain
file:///C:/Users/TECHNO2000/Downloads/Hossain

JOURNAL OF CONTEMPORARY URBAN AFFAIRS, 6(1), 36-50/ 2022

Again, from equation (7) we have,
C- a,G—-A N Qa,

_a,G-A

a,G
(Aaya, +Aayay)

(a,a, +a,a,)—G(a,as —a,ay)

a,

[From equation (12)]

sLG= = o (constant say) (14)
[(a2a3a7 +a,a,a,)+(Aasa, —ANaag)—a, aé]
Now using the value of Gin equation (11), (12) and (13) we get,
_ Qag = %950~ A, —W¥a, ang H =529
(asa, +a,a,) - a(aas —a,aq) ag(asa —a,) ag

Let the global equilibrium point of the modelis E" =(G*,C*,]*,H*) where,

G =g (Aaya, +Aa,ay)

. Qag

7 "o 9590 — aya —Wa, B2

s (asa _a7) ag

4.2.2 Trivial Equilibrium

For initialization of the mathematical model,
we have the frivial equilibrium point at

E, =(G,,C,,1,,H,)=(0,0,0,0).

4.3 Stability Analysis
If we try to establish real-world problems in

[(a2a3a7 +a,a,a,)+(Aa,a, —Aaag)—ald a6] (aya, +a,a,)—a(aas —aay)

linear scheme is the very best way to define the
complex behaviour of the natural components
in mathematical modelling. In a non-linear
scheme, the stability theory helps to address
the explicit solutions of the complex
mathematical model. To find the stability of the
proposed model first evaluate the Jacobean

: . matrix over the system of equations (1)-(4) we
mathematical analysis, we have to face a lot of
of complexity for defining them. But the non- get.
a,C—a, a,G 0 0
-a,C -a,G+a,H-a, 0 a,C
J(G C,ILH) —
T a,l 0 aG-aH —-a, —agld
0 0 aH ad —ag

At the global equilibrium point E” :(G*,C*,I*,H*) the Jacobean matrix will be,

%

.
aC —a, a,G 0 0
* * * %
J -a,C -a,G +a,H —a, 0 a,C
E(G.C I H) * *_ *_ T
asl 0 a;G —aH —a, agd
* *
0 0 aH ad —ag
which after solving by row-column operations becomes,
1, =1+
* * * * 1 1 2
—a, aH —a, -aH a,C —agl
* ® * * rz - rz l’i
a,—a,C -a,G -aH —-a,l
J= . . . . r,=r+r,
asl 0 a,G —a,—adH a, —agl : .
¢, =c,—aH
0 0 0 —ay , .
Lo, =c,—agl |

from which we get the eigenvalues as,
A=—a,, ,,=—aG , ,=aG —aH
and A, =—a,. Since all the eigenvalues are

_a7

negative except 4;. Hence, if 4, <0 then the

equilibrium is locally asymptotically stable and
also it is.
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At the frivial equilibrium
E, =(G,,C,,1,,H,)=(0,0,0,0). Now after

passing the frivial equilibrium E;, through the
Jacobean matrix of (15) we get,

JEO(O,O,O,O) = 0 0
0 0 0 —a

Therefore, we have the four eigenvalues as
A=-a,,A =-a,, A4 =—a,, A, =—a,.The
stability of the equilibrium state is obtained by
the eigenvalues A of the Jacobean matrix. So,
the stability of the equilibrium states holds with
the conditions depending on A that is: the
steady-state is stable if the eigenvalue A <0 or,
the system is unstable if the eigenvalue 4 >0.
Since here all the eigenvalues are less than zero
(A <0) so the stability condition is satisfied.

5. Numerical Simulation with Resulting
Accessories

Our model targets to hold the accuracy of
making the harmful sides of GHGs effective by
implementing them into the green building
system. The analytical result proofs the stability
of the proposed model. Now to make a
population favourable presentation, numerical
or computer simulation is regarded as the best
tool. We have used the MATLAB programming
language to perform the numerical simulation
of the proposed model. The objective of this

simulation is to show the dynamical behaviour
of green building dynamics for solving the
GHGs emission and make a comprehension
stfudy to overlook the human communities
proportionally.

The human community is the main tool for
emitting unwanted GHGs. If there happens an
increase in GHG emissions for different human
activities, it directly forces all the biological
creatures not to sustain perfectly. But naturally,
the human community is an increasing factor.
So, with the increasing number of human
communities, the amount of GHGs will also rise.
Our model targets to put on the increasing
GHG:s into green building systems to make the
GHG component effective. If the discharge of
rapid GHGs is happened by human
communities, the green buildings take
advantage of their technologies against
GHGs. Being effective the green building
produces several ingredients and also human
communities become beneficial by getting
the ingredients. After gefting energies the
human communities again take part in
emiftting GHGs and green buildings again soak
these huge GHGs for energy production. The
initial dynamic behaviour of the objects with
the rapid GHGs emission is shown in Figure 5.
Day by day the GHGs emission is rising for
different human-made activities. Now, the
performance of green buildings is to absorb

these increasing GHGs (q,) from the

atmosphere and make a potential effect on
other species as shown in Figure 5.
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Figure 5. Numerical behaviours of the dynamic variables of the model (1)-(4) over time.

If the harmful GHGs are continuously absorbed
by green buildings, the rate of green building is
increasing continuously as shown in Figure 6 but
the rate of GHGs is undoubtedly decreasing as
represented in Figure 7. Due to the high
absorption of GHGs, the green building can
produce ingredients proportionally which is
described in Figure 8. The human communities
will be benefitted by getting the ingredients
and can convert themselves in rising quantity
as presented in Figure 9. The simulation scheme

9r

at different rates of GHGs absorption (a,) by
green buildings is shown in Figure é and Figure
7 to predict that when green building absorbs
less GHGs (a,) then green building rate is low
but GHGs rate is high. But if green building
absorbs GHGs at a high rate (a,) then green

building becomes high where GHGs become
low usually.

a,=0.010
a,=0.018
a,=0.021
a,=0.038

8-

7

Green Building

0 r
0 5

Time (years)

Figure 6. The growth rate of green building for different values of @, .

Professor Dr. Md. Haider Ali Biswas, M.Sc. Pinky Rani Dey, Asst. Prof. Md. Sirajul Islam & M.Sc. Sajib Mandal 45



JOURNAL OF CONTEMPORARY URBAN AFFAIRS, 6(1), 36-50/ 2022

30 T T
a,=0.010
a,=0.018 A

25 H

20

Change of GHGs rate
T

Time (years)

Figure 7. The decreasing rate of GHGs at different values of @, .

Similar effects also fall on both human because when low GHGs absorption (a,)
communities and ingredients. If green building

happens then green building also produces
absorbs low GHGs (q,). it generally produces PP ° o b

few ingredients. Moreover, the increment of

fewer ingredients as described in Figure 8 and human communities happens when green
the confrary happens when green building building gives more ingredients fo human
takes more GHGs. Also, human communities communities by Obsorbing more GHGs (al) as

show its rate low for absorbing less GHGs -
shown in Figure 9.

T

Growth rate of Ingredients

10 15
Time (years)

Figure 8. The growth rate of ingredients at different values of &, .

Growth rate of Human Community

0 5 10 15
Time (years)

Figure 9. The growth rate of human communities at different values of 4, .
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6. Conclusion
To analyse any kind of natural assumpftion both
analytically and numerically, mathematical
modelling is a well-recognized tool. To describe
the impact of green building on rapid GHG
emissions, a non-linear mathematical model
has been proposed in this study. The model is
developed considering the effects of green
buildings on human communities and GHGs
absorption. After formulating the
mathematical model is verified by the positivity
analysis to confirm the existence of the
considered state variables. Furthermore, the
stability analysis is performed for both global
and frivial equilibrium states. To verify and
describe the accuracy of the analytical results
of this study, numerical simulations are carried
on. Overall, the results of this study conclude
with the following points:

e Global warming is increasing at an alarming
rate due to the extreme emission of GHGs.

o Different human activities especially
building technologies are responsible for
extreme GHGs emissions. As a result, the
earth’s climate, as well as atmospheric
temperature, are rapidly changing.

e The amount of GHGs is proportionally
decreased with the increasing green
buildings.

e The production of ingredients and the
absorption of GHGs proportionally depend
on the number of green buildings.

e Green buildings can enhance the
ingredients and human communities by
absorbing more GHGs.

If the cyclic process of GHGs absorption is

continued by infroducing the technology of

green buildings, the dream of future
sustainable cities will no longer remain in only
imagination. The green building is quite
enough warrior to fight against the excess
concentration of GHGs. Therefore, it is time fo
protect the world from global warming by
controling extreme emissions of GHGs and
adopting green buildings as much as possible.
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