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Calculation of Energy Flow and Carbon
Credit Earned in Roof Integrated Photovoltaic
Thermal System

Amit Kumar Dash, Sanjay Agrawal, Shweta Shukla, Sanjay Gairola,

Abstract: In the current paper, analysis has been carried out
for a system that has been created on a roof specially designed
for semitransparent thermal system. A thermal model has been
designed considering quasi-steady state condition to predict the
solar cell temperature, tedlar and the temperature at the outlet of
duct and room temperature air from room is used as design and
electrical parameters. Calculation has been done for electrical
and thermal energy outputs at respective places. Finally a
comparison has been made between conventional and present
system and cost calculation has been calculated. It has been
found that for the same system there would be a loss of 6.13 Ton
amount of CO2 and a saving of Rs 3,41,390 for 30yrs for the
same amount of generation.

Keywords: Roof top Photovoltaic thermal (PVT) System,
Exergy, Carbon credit, Energy.

I. INTRODUCTION

In recent years the application of PVT system has been
improved as compared to a normal PV system due to its
improvement in efficiency. Agrawal, Tiwari [1] expressed
about Energy payback period and its economics of
sustainability for Building Integrated Photovoltaic Thermal
(BIPVT) system .

Agrawal et.al [2] expressed economic viability about
glazed and normal PVT system. Chauhan A, Sanjeev Anand
[3] explained variety of application of PVT with the help of
soft computing technique. Nayak, Tiwari [4] investigated for
a PVIT system integrated with a green house for sunny
weather and calculated its energy and exergy performance
Gaur et al. [5] made a comparision between semitransparent
and opague system and concluded that the former one gives
better result as compared to the later system Chow [6]
discussed different research issues associated with PVT
system have been discussed in detail. Tiwari, Sodha [7]
estimated the overall efficiency of an unglazed PVT/air col-
lector in India. In 1998, Loferski [8] et al. calculated the
velocity and volume of the air circulated inside the duct and
room.

Tiwari [9] et al. discussed numerical investigation and
parametric analysis of a photovoltaic thermal. Rajoria et al.
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[10, 11] discussed the characteristic behavior of different
case and a comparison had been made on the basis of
different type of energy exerted. Singh S et.al [12] optimized
the system for single channel system based on soft computing
technique. According to Singh S [13] an increment of 6 to 14
percent exergy has been made for different city after a
comparison with the system proposed by Agrawal and
Tiwari by soft computing technique. Vats et.al [15] described
enormous data about different types of material out of which
one can select. Wicker et al. [16] explained different practical
application in terms of exergy calculation for different cold
climatic condition.

Il. DESCRIPTION OFBIPVT SYSTEM

As we know that PV system gives higher efficiency at an
inclination of latitude of that particular city, the current
system placed at 35 degree w.r.t horizontal for Srinagar. The
current system consists of total 48 panels connected in 8rows.

Fig. 1 (Proposed BIPVT systems as rooftop for Srinagar)
Each panel can generate a total power of 150 watt and over
electrical output of 7.2KW. A DC fan of 120watt is blown to

circulate air in the duct.
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Table I: Technical specification of proposed model

Parameter Description

V max 425V

n 17 %

Size of room 5.580m x 4,910 m
Wall height 2765 x 6238 mm
Roof area 11.060 m x 6.144 mm
Roof inclination 35’

N ref 16%

Table 11: Specification of the proposed parameters

Design parameters Corresponding values
Length of module 1.650 m
Width of module 0.800m

Net output 155 W
Depth of propose Duct 0.255m
channel single pass channel
Cair (J/kg K) 1005

C 0.38 [22]

A 25 degree (ambient)
Hout 5.70 + 3.8 x \V/, (Watt/m?)
Rins 2.8 (Watt/m?)
hrq 2.80 + 3 X V 5 (Watt/m?)
Kes 0.040 (Watt/m?)
Kai 0.80 (Watt/m?)
Kins 0.0350 (Watt/m*)
Krq 0.380 (Watt/m? K)

L (mm) 0.3
Lg (mm) 34
I—ins (mm) 11
Lya (Mm) 3

Ol 0.7

O 0.7
Be 0.9
Ne 0.16

ig 0.85

pa (kg/m?) 1.29

111. THERMAL MODELING OF THE PROPOSED

DESIGN

To calculate the overall electrical efficiency of the cell
Zondag (2002) proposed a theory given by,
MNea = Mrer [1- qbref (T - T3] 1)
Quantities like reference, ambient are generally set by the
researcher according to requirement

Epue = Mg = I(t) = BL = My 2

The equivalent thermal energy of electrical is given by

E., = Zfout
gth = Cy
Epu

, 3)
=Z== 10, )

The thermal 'energy of the proposed system can be explained
from

n
Qaaiy E

i=t
Overall thermal efficiency can be derived as,
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Fig. 2 (Variation of Ambient Temp and Solar Intensity w.r.t time)
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Fig. 3 (Comparison of Electrical and thermal Energy w.r.t Time)
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Fig. 4 (Comparison of Electrical efficiency for PV and PVT)

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication

Exploring Innovation'



Fig.6 (Monthly variation of electrical
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Fig. 7 (Monthly variation of overall Energy in kWh)
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Fig. 9 (Inclination of Panel for getting maximum efficiency)

Energy balance equation of the proposed model is given by:
Tgloe B+ (1= B)ar |I(t)bdx = [Ur(T. - To) +
hra (T —Tye)]bdx + 7o I(t) bdx

9)
Simplifying
Ry T+ UrTo+I(t) (2T)asy
- Uy +hy
For proposed model, Energy balance can be derived as,

(10)

[

[R‘ntg of heat gain frum] —
PV module to tedlar
Rate of heat loss from tedlor tu]

air side in the duct

hrg (T; —Tye)bdx = hyi (T — Ty Jbdx
Substituting T, in Eq. (11)

1)

RgirT giy+ Upr Tt Rps N g5y

Upr+ fgir

Tb.S:

(12)

Energy balance equation of the air flowing inside the duct is

given by,

[Rute of heat received from ted.[m"]
to air side in the duct

[Ammmt of heat gain by airflowing in dw:'t]

[Ammmt of heat loss from air through insulation ]

N
hair[Tbs - Tair}bdx = Mair'cair(ddx r}dx + UEJEJ [Tair' -
T, )bdx

(13)
Rpt g2l (E) (87— Upr (Tair—Te)
hair [P |bax =
AT i
My Cosr (?J dx + Uy [Ta[r - Tar}bdx

(14)

BY T ar=T ary Tair=T airouts
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The warmth at the output of duct for length L can be derived
as,

Tirour =

I:L"E'E'T:r"'i"r:i'r'r: +hpy .}:;':r:“:':'-':'effll 1
Ui

bo gL brrp ;L
M i L i M il i
3 zirCair J + T'I:rg girtair
(15)
UppTar+UegirTe +Rpg B o2l (D1(aTgr
1"r.'ir = o r_| 1-
Vet
_ E‘D'L.I:i. _ E‘D'L.I:i.
1-& MairCoir T 1-& MagirCopr
_EOgE + Ty O L
Mo Cair M oirCair
(16)

For np, row of the system the overall thermal energy can be
derived as,

Qu= My * Moo Coir Taivour — Tar) (7)
Energy balance equation for space heating can be calculated
as,

Mo UppTr+UpnirTa +Rpy R ool (D(&T)ofF
My * Mgirbogir

— T &=
. r.'r']
Uer

BL gL

(1 — e Mairfar J + Upp(Tar + rcrj"qrnﬂf =
dTy r
M, Cair (2) 4 (UA): Ty — Ta) + 0.33N,V (T, — To)
(18)
Temperature of air inside the room can be derived as

F ()

T = 0 (1—e™™) + T 07 (19)

F) =

1

{(UA),0.33N,VIT, +

ol

, e -bU ;L
; UpairTa +Rps b pal(latl o _LLMF_ .
??rlu*fr:irfcir o 1 —gWatrtarr +

Uei
i . o - E‘Ll'n:i.
U {'-"r:i'rT: +Rp1 R gall tl '-':T:'e_ff} 1 1—sMairCair A
Fate) Ui I:'L":'I. roof
M airCoir

(20)

IV. CARBON CREDIT EARNED

Overall energy (electrical and thermal) produced for the
whole year = 54716 kWh

If the unit cost of electricity is Rs. & then,

Total cost of energy produced = 54716 x 6 = Rs. 328296

Due to 40% of transmission and distribution losses , 20% of
equipments loss used and rest in terms of (COy) , figure
comes to be 2.04 kg of CO,/kWh.

So, the carbon dioxide emission reduction = 328296 x 2.04

=6.69tCO.e (1 ton = 10% kg)
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If it will be traded after European standards (21 pound),then
=6.69 x 21 x 81 =Rs. 11,379 per annum (where € 1
= Rs. 81; Nov, 2018)

For the life time (30 year) analysis,
=11,379 x 30
=Rs 3,41,390

The values have been compared with the previous one and
percentage change is calculated with the use of
“MATLAB-15".

The proposed BIPVT system can be overviewed from Fig.
1.

V. RESULTS & DISCUSSION

Based on the above discussions and plots following
summarization have been made:

a. Fig 2 shows how the ambient temperature and Intensity of
light increases with time. Maximum intensity is
attended at 1pm

b. With 48 modules, each has an optimum 150 watt power
the whole system generates electrical energy of 7.100
(kwh) and thermal energy of 6.200 (kWh) which can be
shown from Fig. 3.

c. Hybrid PVT System has an edge as compared to
normal PV system as the total electrical efficiency is
0.5% more in PVT as compared to PV system as heat is
utilized. It can be shown from Fig. 4

d. Fig. 6, 7, and 8 gives the annual electrical, thermal and
over all equivalent thermal energy of the system. It has
found that 1888kWh more energy being generated in
electrical energy.

e. Fig. 9 describes the angle of inclination of the panel to get
maximum efficiency

VI. CONCLUSION

Depending upon the above investigations, paper can be
summarized as follows:

a. Data shows that the solar intensity is maximum in
Srinagar at 1pm in the month of January.
Comparative graphs drawn tells that, as compared
to normal PV system PVT system gives better
efficiency in both electrical and thermal energy

outputs.

b. A total thermal energy of 54716kWh has been
generated annually from this system.

C. As far as effectiveness is concerned this system

produces 17% of electrical effectiveness and overall
exergy of 18% as compared to 16% and 17% of
previous system .

d. It has been found that for getting the same amount
of energy in conventional way there would be a loss
of 6.13 Ton amount of CO2 and a saving of Rs
3,12,813 for 30yrs for the same amount of
generation.
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