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ABSTRACT

The purpose of this project is to determine the performance of hybrid systems which consists of solar thermal
collectors. The study is taken out by analyzing the behavior of the designed systems and implemented in KCT hostel
building. The calculations of primary energy consumption, Emissions and the inclusion of a Life Cycle Cost analysis
are the major contribution. Photovoltaic panels will produce part of the electricity. Solar thermal collectors will reduce
the energy required for DHW (domestic hot water) production. This project is implemented for hostel room and
cooking purpose. Then analyze the hybrid system which consists of solar PV, PV thermal, solar PV thermal system.
Choose the best hybrid system which suitable to hostel mess. With this system, MPPT (maximum power point
tracking) is used to extract maximum power.

Keywords-Hybrid Photovoltaic Thermal System, Carbon Dioxide Emission, Life Cycle cost, Irradiance.

I. INTRODUCTION
In the recent years, the concept of energy efficiency has
been receiving worldwide attention due to that fossil
fuel resources required for energy generation are finite
and that climate change is associated to carbon emiss-
ions [1]. This has encouraged a huge amount of studies
with varying approaches related to the implementation PV INVERTER FLECTRICAL
of technologies capable of both producing energy in a PANEL ¥ LoAD
more efficient way and avoiding its environmental
impact. These studies include the innovation such as HERILAL
Combined Heat and Power (CHP) prod_uctlon [6-8], also SOLAR HEAT DEW LOAD
known as cogeneration systems, which can produce THERMAL [ EXCHANGER [* TANK [
thermal energy and electricity from the same source. For
example, the process of power production is more effi-
cient, polluting emissions are decreased, there are low Fig. 1. Block diagram for hybrid PV/T system.
losses in the distribution network and the reliability and
quality of the supplied energy is increased. Apart from V. METHODOLOGY . e
that, buildings are very essential for more efficient * This study was carrl_ed_ out in hostel bundmg n
order to analyze their impact on energy savings

energy in production systems [9-11]. The need to d th inferred. f h
produce more energy in buildings is the importance of and the costs inferred from the necessary

parameters based on [5]. The software MATLAB is

used to perform the simulation.

. BLOCK DIAGRAM FOR HYBRID PV/T
SYSTEM

CHP systems among the various technologies. The equment.. .

primary objective is to decrease life cycle cost and *  Photovoltaic panels will produce part of the

secondary objective is to decrease emissions of carbon electricity. _

dioxide from the system [12]. These objective functions e Solar thermal collectors will reduce the energy

are related to the constraints which is imposed by the required for DHW (domestic hot water)

power produced by the system reliability, system comp- production.

onents and state of charge of the battery bank [13-16]. e This project is implemented for hostel room and

This project offers an innovative approach when it cooking purpose.

provides the energy to buildings. Hybrid systems pres- Especially for electrical load- Lighting loads

ent a new approach to the time correspondent of alter- e And FOR thermal load-boiler.

nate renewable energy sources. e Then analyze the hybrid system which consists of

I1.OBJECTIVE solar PV, PV thermal, solar PV thermal system.
a. The aim is to assess the efficiency of hybrid e Choose the best system which suitable to hostel

system composed of PV, Solar thermal, hybrid PV mess.

Lhuirgﬁ:,iéfggyfﬁi.ﬂﬁfg{ ical equipment located in ;AN ALYSIS OF PV, SOLAR THERMAL,

. ) . HYBRID PV/T SYSTEM

b. The study_ Is taken out by a”?'yz'”g_ the energy Our study concentrates in KCT College based on
E:r(;]nsumptlo? of electr!cal appliances in our n:_ess. designing the energy production system (electricity,

¢ € para_me_ ersare p.rlmary energy consurpp on, domestic hot water (DHW), heating and cooling) for a
CO2 emission and life cycle cost analysis. The hostel building. We have attempted an approach on a
formula is used to calculate these CHP hybrid system that combines solar thermal energy

and photovoltaic’s.
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Furthermore, a emission and life cycle cost
calculations will be carried out in the last section, as well
as a analysis of energy costs. Taking those charac-
teristics into considerable account, our system differs in
many from those designed in previous studies.

The Life Cycle Costs of different configurations
have also been calculated so as to be able to allegate
between them and also the conventional case in which
we get electricity from the grid. Finally, the emissions
of the diverse configurations have been calculated in
order to compare their emission of carbon dioxide
performance.

The system has been designed with the help of the
software MATLAB, which allows making easy altera-
tions of any item included, thus making easier the task
of changing parameters, connections and configure-
tions. The configurations which have been studied are
the following:

1. Conventional case:
In this situation, we simulate the circuit assuming
that all the necessary electricity will be got from
the grid. Heating and Domestic Hot Water
(DHW) will be provided by boilers running on
natural gas.
2. Photovoltaic panels:
The set of 14 photovoltaic panels which will
produce part of the necessary electricity.
3. Solar thermal collectors:
An array of 12 solar thermal panels will reduce
the load of the auxiliary DHW boiler.
4. Photovoltaic panels + solar thermal collectors:
All the previously mentioned scenarios will be
considered at the same time.

VI. ANALYSIS OF CO; EMISSION
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Fig. 2.CO, emission graph.

The emission graph is shown in Fig.2.This result forces
the concept that emissions and profitability do not often
go together, since improving one may penalize the other.
As said before, the economy of scale might reverse this
situation in the future.

VII. ANALYSIS OF LIFE CYCLE COST

One of the purposes of the study was to determine
the Life Cycle Cost (LCC). A time span of 25 years was
considered, which includes the capital investment,
operation, maintenance, and replacement costs. The
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Consequently, we were able to perform all the
necessary calculations in order to know the carbon
dioxide emissions. In addition, we have to calculate the
primary energy consumptions, total CO2 emissions and
total costs of operation. The primary energy, emission
factors and the energy costs considered are the following:

" Emission(kgCO2/yr)=Electricity

use(Kwh/yr)xEmission factor.

®  Grid electricity emission factor=0.649

®  Electricity usage =60.81 kwh

" Emission(kgCO-/yr)=1183.9707

®  Reduction of COzemission per 1kwh = 0.7 kg

of CO;

In contrast with the previous results, it can be seen
that the emissions are emitted higher in conventional
design. That is mostly since the use of electricity from
the grid, which entails a higher emission factor than
other energy carriers. Compare with other designs, the
one with all the elements (solar thermal collectors and
photovoltaic) has the lower emissions in every climatic
zones. The CO2 emission is shown in table I.

TABLE |. ANALYSIS OF CO; EMISSION

S. Systems June- Sep- Feb-
No Sep Feb June
1. |Conventional | 1202.2 [1198.41 | 1183.9
2. PV 1158.2 | 1148.6 | 1141.4
3. |Solar thermal | 1180.2 | 1176.3 1168.3
4. | Hybrid PV/T| 1113.2 | 1102.1 1080

values for the life cycle costs were obtained with the
following equation.

LCC=initialinvestment*+COStSreplacementt
30 _1
- + . +
(CostSoperationtCOStSmaintenance) + Y. 724 @t
TABLE Il. ANALYSIS OF LIFE CYCLE COST.

S.No | SYSTEM COST(Rs/kwh)
1. Conventional | 905678.23
2. PV 1830244.27
3. Solar thermal | 4000243.27
4, Hybrid PV/T | 5830480.54

Analysis of life cycle cost is shown in Table I1.As
will become clear below, the Life Cycle Cost in
conventional design is low. Conversely, it is the design
with higher emissions, and its primary energy
consumption is never the lowest between those
examined the rest of designs. The higher LCC in every
design is mostly due to the considerable influence of the
initial investment, whose savings of energy do not
compensate the additional costs. Furthermore, the
maintenance costs are important. However, in the future
a full-scale production will contribute to avoiding the
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investment costs, which could change the land scape of
energy dramatically.
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Fig. 3. Life cycle cost graph.

The life cycle cost is shown in Fig.3. From this we
analyzed hybrid PV/T system is better than other system.
Using MATLAB software, the hybrid PV/T system is
simulated and the MPPT is obtained for tracking maxi-
mum power.

VIIl. SIMULATION OF HYBRID PV/T SYSTEM
The MATLAB simulink model is used for implementing
hybrid PV/T system using MPPT system is shown as fig.

Fig. 4. Simulation of hybrid PV/T system circuit.

The irradiation graph and output of boost converter
using MOSFET are shown in Fig. 5 and 6 respectively
and voltage waveform of simulation result shown in Fig.
7.
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Fig. 5.Irradiation graph.
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Fig. 6. Boost converter output using MOSFET
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Fig. 7. Voltage waveform

IX. CONCLUSION

This project has provided an overview of the role of
distributed cogeneration and generation in particular
within the sector of energy. Several possibilities of
design have been shown with renewable resources,
supplying the energy for a very representative
building.

Calculations have been developed in order to obtain
a comparison based on the chosen criteria (Life
Cycle Cost, emissions or energy consumption) for
the considered designs and climatic zones.
According to the results obtained, the LCC is best in
conventional design than all cases.

This project would make more comfortable, profi-
table and attract the investors. If hybrid system is
properly designed it tends to decrease in consump-
tion of energy and emissions, reaffirming their use-
fulness and play a important role in future.

MPPT (maximum power point tracking) is used to
track the maximum power.
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