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ABSTRACT

The main purpose of this project is to analyze and design a solar thermal power plant
with a capacity of 1 MW and to develop a design algorithm for this purpose. In this
regard, different parameters of the system such as external diameter of receiver tube,
receiver tube material and heat transfer fluid have been selected for the operation and
performance evaluation of the system. The efficiency of the collector on the solar field,
number of feedwater heater, efficiency of turbine, boiler pressure, boiler temperature
and condenser pressure are main parameters. The importance of effect created by
each parameters are investigated by parametric study.

INTRODUCTION

Solar thermal power plants have high efficiency, high economic return [1]. In addition,
these power plants enable more power generation due to thermal storage and hybrid
system application. Thus, electricity production continues even on cloudy days where
sunlight are inadequate [2]

METHODOLOGY AND FLOW DIAGRAM

Figure 1. System Methodology
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Figure 2. System Flow Diagram

RESULTS

-Collector efficiency is directly proportional with mass flow rate and tube diameter. At
the same tube diameter and same mass flow rate, copper is a better choice than stain-
less steel as a receiver tube material.
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Figure 12.. Copper tube diameter effect Figure 13 . Stainless steel tube Giametereffect  Figure 14 . Copper vs Stainless Steel tube iameter effect

Copper Design C
_mass flow rate (kg/s) _nsolartoheat (%) _
10 34,15

( Diameter, 30 mm )
Area(m2) _Storage(h) NetOutput (kWe)
13103 2 924,5

Figure 13. Copper tube design conditions

The highest collector efficiency rate of

:: ::: :;:‘3’: 43.56% is achieved by copper receiver
= ;u:“ st tube with 30 mm diameter and mass flow
Figure 15 . Effect on collector area rate of 13 kg/s. Tthree option are present
to develop efficient solar thermal power
10 34,15 2 plant. First one is to decrease total col-
1 36,86 2,6 lector areq, rising storage capacity and
13 43,56 4 net power output.
Figure 16 . Effect on storage capacity
After parametric study, system is
10 34,15 924,5 improved and storage capacity and
1 36,86 998,1 overall plant efficiency have increased
13 43,56 1180 with less solar collecting area.

Figure 17 . Effect on net power output

Design Conditions for a Solar Thermal Power Plant with a 1 Mw, capacity
Diameter Mass Flowrate  nsolartoheat

— Material npump (%) nth(%)  Area(m2) Storage(h) NetOutput(kWe) nplant{%)
(mm) (kg/s) )
Case 1 Copper 30 10 34,15 9 a 13.103 2 9245 0,14
Case2 Copper 30 13 43,56 9 4323 9.741 3 9245 0,19
Figure 18 . Comparison of plant before and after parametic study
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Figure 19 ,MonlmyAve‘\'i;ble DNI for Nazilli
For specific location Nazilli, extracting
monthly available DNI graph help the
specify maximum and design DNI values
for location
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Figure 20 . Sankey Diagram of Plant
Sankey diagram shows required solar
and thermal energy values for system
from entrance to exit.

Monthly heat transfer fluid energy graph helps to find storage capacity monthly.
System requires constant thermal energy value that is 2139 kW at the power block
inlet. If system gains thermal energy more than 2139 kW, storage occurs in the system.

In the power block, thermal efficiency of Rankine Cycle is directly proportional with
boiler pressure, boiler temperature, turbine efficiencies

Turbine Efficiency - Thermal Efficiency
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Figuee 6. Effect of Pump Efficiency onnth  Figure 7 . Effect of Condenser Presss. on nth

Increase in turbine efficiency from 91% to 99% results in increment of thermal efficiency
of cycle, which provides reduction in total collector area or increase in storage capacity
and net power output
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Figure 8. Tubine efficiency design conditions  Figure 9. Effect on collectorarea  Figure 10, Effect on storage copacity  Figure 11. Effect on net power outout
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In the system, payback time have decreased to 7 years with the installation cost is
5.653.818 $. Also most expensive part of system have found solar field. And other over-
all system results are given below.
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Figure 23 . Payback time

CONCLUSION

-Increase in collector efficiency and thermal
efficiency enhance storage capacity of the
system and net power output.

-Copper tube is more appropriate preference
than stainless steel at the same conditions.
-Turbine efficiency is a most important parame-
ter impacting on the thermal efficiency.

-This power plant is capable of storing energy
during 2 hours.
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CONCLUSION

According to all calculations and analysis, the following results were obtained
for the factory. These results;

9 4,483.31 TOE total consumption in 2018

9 0.156 TOE/tone Specific energy consumption in 2018

& Boiler energy efficiency 92.8% & exergy efficiency 29.69%
&' Thermal cost calculation of 1 ton of steam = 118.68 TL/tone
9 Overall saving amount=5,761,071.57 TL/year

Bypass
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INTRODUCTION

In this research, the building has examined in two  dif-
ferent ways; one of them is its electricity need and the
other one is improving radiant ceiling system for office

requirement of the building. PV modules are
installed on the roof to meet the electricity
needs of the building and is investigated wheth
er the generated electricity is sufficient or not for
the building, the cost of the radiant system applied
and the feasibility of these systems are examined. In
this regard, the calculations required for
Radiant ,Ceiling Technology for office areas are
made and its suitability is examined. Our main goal is to
integrate renewable energy technology via using solar
energy with industrial building to capture low levels of
€02 emissions. Mareover, the ways of improving our
energy efficiency by making improvements in the current
situation and combining these improvements by devel-
oping technology such as radiant ceiling technology
have been made.

DESIGN METHODOLOGY

In order to meet the electricity need of the industrial building, PV application is made on
the roof of the factory. The power generated by the PV System is calculated by using

PVSOL and MATLAB programs. The flow charts of the designing a PV system and the
calculation of the radiant ceiling technology are given in Fig. 1 and Fig. 2 respectively.
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Figure 1. Flow Chart of PV System Design

Heating and Cooling Capacities of the building are calculated according to TSE2164 and
ASHRAE standards to examine the existing heating & caoling system performance of the build-
ing and to provide improvement recommendations. The values required for the Radiant Ceil-

ing Application to be applied in the office areas are taken from the simulation results. By these
calculations, the number of modules and other required information for the office areas has been

specified according to Heating Peak Loads.

Finding the heating and Calculation of required
cooling peak loads of the || module number with LR o | \ttetlon a0
areatobe appliedwith |~ 1 | optimum flow rate and opn?odulesg’I pe! b

radiant technology inlet temperature
No

Figure 2. Flow Chart of Radiant Ceiling Technology

RESULTS

Completed results are as shown below according to calculation
process.

Figure 3. The Building View in PVSOL

Table 1 The Results of PV System According to PVSOL in Denizli Region

Climate Data Denizli (1986-2005)
Grid type On grid
Number of PV modules 1920
Number of inverter 15 SMA25000 and 5 SMA20000
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Using PVSOL and MATLAB
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Figure 4. Comparison of Generation Electricity by Using PVSOL and MATLAB

The annual electricity generation of the PV system is theoreti-
cally calculated by writing the MATLAB algorithm and estimat-
ed at 792.5 MWHh. ttis checked by PVSOL software and
annual electricity generation is found as 796.8 MWh. Thus,

only 0.5 % difference is obtained according to the determined
theoretical value.

Results of DesignBuilder & Theoretical
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Results are checked and examined according to

TSE2164 and ASHRAE standards by 24 hours running

calculation. The difference between methods are obtained as

6.5% and 2.5% for heating and cooling load, respectively.
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Figure 6. Results of DesignBuilder Calculation for Total Offices

Office areas are rearranged with the real schedules . (8:00-18:00)

NG

Table 2. Selection Criteria of a Radiant System

Parameters Unit Heating Cooling
Di i mm | 2000x1200x45 | 2000x1200x45
Area m? 24 24
Outside Dry-Bulb Temp. °C 39 -3.50
Qpeak kw 2.82 0.99
AmbientTemperature °C 20 24

Number of modules to be used in
radiant ceiling application is found as 11.
The surface temperatures of radiant
modules and the inlet & outlet tempera- 2000
tures of the water passing through the
module are calculated according to the

3 different flow rate.

—1200

Relation Between Flow Rate and
Inlet&Outlet Water Temperature

: ill aull unII |‘| I‘l I||

Figure 7. Relation Between Flow Rate and Inlet&Outlet Water Temperature

Cost Distribution of The PV System
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Figure 8. Cost Distribution Pay Chart For PV System

Cost of the PV system is calculated as 1,961,000 TRY
and payback period of the system is determined as approxi-
mately 9 years. When lifecycle of the PV system is considered
as 25 years and all expenses are deducted; the total profit is

found as 4.912.000 TRY.
Cost Distribution of The Radiant Ceiling System
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Figure 9. Cost Distribution Pay Chart of The Radiant Ceiling System

The total cost of the radiant ceiling application assist-
ed with heat pump is found as 45.269 TRY. When the ex-
isting systems are examined, it is seen that this system is
applicable.

CONCLUSION

Installed PV system, will provide approximately 33% of annual
needs of the industrial building. The establishment of

PV systems and the use of renewable energy will reduce the
energy dependency of the country in a certain extent

Despite the relatively high investment cost of radiant ceiling

technology, it is feasible when thermal comfort, insulation,
easy installation and aesthetic appearance are considered.
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i ABSTRACT
The main objective of this study is to design a geothermal assisted cooling system with a
Vapor Absorption Chiller (VAC) to meet cooling demand of a 140 m? single-family house
in Izmir, Turkey. The monthly and annual cooling demands of the house were calculated
first. Next, some thermodynamic properties of the VAC system such as pressures,
temperatures. ammonia concentrations and flow rates of each stream were determined. The
performance of the whole system was evaluated through Coefficient of Performance (COP).
In performing the theoretical and design studies, Engineering Equation Solver (EES)
software package was utilized. Finally, economic and environmental analyses were
performed. As a result of the analysis, the cooling demand of the house was calculated as
4.48 kW. The COP of the VAC system was found to be 0.7 based on the operating
conditions. with a simple payback period of 5 years. CO; emission of the system is 2.04 kg
CO,/kWh.

Keywords: vapor absorption chiller, geothermal energy. residential cooling. energy and

exergy analyses

Nowadays. there are many reasons for looking to renewable energy sources. One of these
reasons is that the sources of fossil fuels begin to decrease and there are harmtul effects of
the CO, gas emitted by these fuels on the environment. When the issues like these are
considered, Vapor Absorption Chiller (VAC) systems are one of the appropriate systems that
enable the use of renewable energy sources for cooling. These systems can use solar energy,
geothermal energy and biomass energy sources. They are at the same time being quiet.
vibration-free and ecological. they need low maintenance, so interest in these systems has
increased from day to day [1].

INTRODUCTION

When we think about systems that are operated using heat of water, geothermal energy has
an important place in terms of usability. Also. in residential cooling technologies with
absorption chillers. geothermal energy has a quite substantial place in energy sources [2].

.

METHODOLOGY AND FLOW CHART

Figure 2. Dicimnmethodalzy of cooling load.
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RESULTS

Energy balance;
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Table 1. Main results of the system at operating conditions T, = 30 €, T, =95 ©
andT,=2T

Table 1 shows the capacities (kW) of

634 kw
a.as2 W components. power of pumps, COP of
4.8 W the VAC, thermal and exergetic
6.275 kw : .1 ot
S oss " efﬁm‘e‘ncy of whole system at operating
0.02945 W conditions. They were calculated by
0.7033 : EES software.
2274
3092 %
8022 %
6337 %
— The behavior of COP and exergy
- . .
e efficiency of the absorption system for
\\‘_ cooling application with generator
‘1-_‘_*_‘_ temperatures is shown in Figure 5.
- Rising generator temperature increases
more refrigerant vapor, but at the same
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time more irritability due to more input
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exergetic efficiency of the system.
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Figurs 6. Sankey diagram.

Percentages of exergy
destruction values in the
whole system is shown by
creating Grassmann
diagram.

Figurs 7. Grassmann diagram

CONCLUSIONS

- .

* The evaporator load was found to be 4.48 kW in the calculated cooling calculations.

* The thermodynamic calculations of the system based on the evaporator load have been
made in the EES program.

* As aresult of thermodynamie analysis. the coefficient of performance the system is
calculated as 0.7.

* As aresult of the economic analysis carried out for the VAC, the cost of the system was
calculated as 3523.005 $ and it was determined that the system would be profitable

* As aresult of environmental analysis 2.04 kg CO,/ kWh was found.

within 5 years.

[1] Le Lostec, B.. Galanis. N., Millette, I. (2013). Simulation of an ammonia-water
absorption chiller. Renewable Energy. 60, 269-283.

[2] Yilmaz C. (2017). Thermodynamic and economic investigation of geothermal powered
absorption cooling system for buildings. Geothermies, 70, 239-248.
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ABSTRACT & INTRODUCTION

In industrial plants, one of the most important cost is the energy cost. Energy efficiency is an increasingly important concept in terms of reducing costs and improving envil
efficiency studies that can be applied in industrial facilities and renewable energy applications are aimed to improve the operation costs of this facility. [1]

In this thesis, it is aimed to study energy and exergy analysis of evaporative condenser in cooling system of a factory in Tzmir. In addition to these, energy saving oppo ance and
economic analysis of the equipment selected at the factory were studied. These opportunities were analyzed in two categories which are thermally and electrically. ed to use
photovoltaic panel to meet the energy consumed in the factory with a renewable energy-oriented method. As a result, the environmental impact and economic analysis @ were
calculated.

METHODOLOGY AND FLOW DIAGRAM
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Figure 1. Methodology Diagram of Project Studies

STUDIED EQUIPMENT IN THE PLANT
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Figure 2. Evaporative Condneser in the Cooling Systam ¥ SPP: 5 months 4 By Roofmounted PV Panels
= Inverter implementation to air compressor motor v Electricity Production: 68,171 kWl

+  Energy Saving: 238,544.42 kwh/year Saving Amount: 27,268 TL/year
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= Using LED lighting equipments for illumination of emissions reduced
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700100 . CONCLUSION
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E 5 g <  During the thesis project, Engineering Equation<  Performance evaluation of the lightning system was
§ 50.000,00 a § Solver (EES), PVSol and Meteonorm were used. carried out,
'; 43.055,00 2 % & In boiler, in order to use rejected heat, economiser<  Steam leakages are detected and repaired to save
£ 40.000,00 % application was made. energy.
a 31.218,00 158 #  For electricity savings, optimization of the pumps<  Cooling tower performace evaluation was carried
30.000,00 & which are working in pump set was made. out.
20.000.00 1.617,00 1 % Energy recovery was achieved with flash tank<  Photovoltaic solar panel study was carried out on
S application. the roof area to provide a cerfain part of the
10.000.00 b 05 %  Electricity savings were made by repairing electricity consumption of th facility from renewable
o L o ’ compressed air leaks. Energy source.
0,00 0 < Insulation in the pipes is potimized to increase
Repairing steam Isolation of bare Flash tank usage Economiser for  Optimizing energy savings.
leakages pipes for energy waste heat  Pumps in Water
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Binalar, kilresel enerji tlketiminin yaklagk %40'indan sorumludur, bu tilketimin biyiik bir ksmi istma, sogutma
ve havalandirma (HVAL) sistemlerinden kaynaklanmaktadr. Bu calismada, hem enerji tlketimini hem de pik yiik
talebini azaltmak igin HVAC sisteminin verimli bir sekilde kullanimasini saglayan, optimal mahal sicakigini bulan
ve gercek zamanl dlgiimler ile desteklenen Model Ongriimi Kontrol (MPC) algoritmasi gelistirimigtr. Bu algorit-
ma, 1sitma/sogutma yikiind minimize ederken, icerideki konforu belilenen seviyenin dzerinde tutarak, optimal
mahal sicaklk dederlerini bulmaktadir. MPC, dedisken dinamiklere sahip blyiik dlcekli sistemler (Gmedin ortam
hava sicakhd, ig 151 kazanglan vb.) idare edebilmesi nedeni ile bu projede tercih edilmistir. Glugturulan kontrol
algoritmasnin uygulanmas: termostatlar araclidiyla gercek bir binada uygulanamadid icin olusturulan Arduino
tabanh demo arachidnla optimum bélge sicakhidannin temsiii olarak saptanmas gosterilmistir.

Bolimu

Projenin temel mantidl, dodrudan HVAC dnitelerini kontrol etmek yerine. en uygun sicakik degerlerini mahal
termostatlanna gondererek sistemin dolayll olarak kontrol edilmesini sadlamakur.

VRF ONITES]
CATIDIS ONITES] BC KONTROL ONITESI 565
(T ) Mabal Hora
= Sicaklig .
- s L _ v
3 - L. Matl1 Optimurn MODEL ONGOROMLD
— ] KONTROL
R ! Maal Hora ALGORITMASI
——hr : VRF (INITES] Sccklg!
,&;._%‘ Gptimian
Termastat Sicakhy
§4¢ “HAVATAHMINI
Ao -ELEKTRIK FIYATI
-DRTAM SICAKLIGI
=0
Matan
ek 1 Proje Gakgma §emen

DESIGNBUILDER MODELI:

-KONTROL ALGORITMASI:

Mahallerin birbiri ile olan iliskisinin ve birbirlerine olan etkilerinin matematiksel olarak modellenmesi Seki-5'de
qgosterilmigtir,

Her bir direng bitisk mahaller arasindaki termal dinamigi,
her bir kapasitans mahallerin termal kapasitesini temsil et-
mekiedir. Bu iligkilerin formile edimis hali Esitik (1)-(2) ile
verimistir [2].
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Madeldeki R ve C degerlerini bulmak igin, kisitsiz gok
dedjiskenli dogrusal olmayan optimizasyon problemi
¢ozllmiistir. Bu amagla, asadidaki optimizasyen problemi
formiile edilmiglir

Gkl 5 Mehel lgki=rin Bastmren Matematise| Macel

min

- NZZ (rm =1t @)

k=1j=1

(3)
-MODEL ONGORUMLU KDNTROL.

MOK algoritmasi ile 24 saat igerisinde belirlenen araliklarla ileriye bakarak her bir mahal igin optimum sicaklk
degerlerini bulmaktadir. Olusturulan algoritmanin gahgma prenzibi Sekil-&" da gosterilmistir.
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wrafl MPC iy Trahal
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e -
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‘Sekil 6. MOK Simulink Uygulama Gemaz Kanfor Modeli

MPC modelimizde Fanger'in [3]% 80 memnun kigiye ulagmasini sadlayan termal konfor modeli uygulanmaktadir
~PROTOTIP:

Olusturulan kontrol algoritmasimin gergek sistemler izerinde nasil galigacaginin temsili Sekil-7'de gdsterildigi seki-
de sadjlanmigtr.

—— PROTOTIP ——— ALGORITMA

4

MATLAB-GUI

e | ThingSpeak g2t

MATLAR
MULINK

Sekil 7. Kantrol Algortmes Prototp
Celgma jeman

Bir giinliik veri topladikian sonra, elde edilen R ve C degerleri Tablo 1'de verilmiz, model tarafindan tahmin edilen

T Binasinda secilen mahaller DesignBuilder Simiilasyon Programinda modellenersk simiile edilmigtir

W Zuw s

Z

= 2

et 2 T Binem Mahel Plarlan
Bina dinamik modeli, Yagar Universitesi kampiistinin (T binasi) 2. katinda belifenen 4 mahal icin DesignBuilder-
TM simiilasyon programi kullanilarak olusturulmugtur [1]. Secilen mahallere yerlestirilen sicaklk sensorler
araciigiyla, mahallerin hava, duvar ve Ofleme sicakiiklan 8lglilmektedin

)
2 P-C Ho—O

6@) i 3 Serir Dt Al G

Sistem tamimlamada kullanimak (zere T bi-
nasimin diz etken (kontroldmiizde olmayan)

LB -

degerlerini elde etmek igin DB similasyon | [ ——

sonuglan kullanilmigtr. Dis etkenler; mahal £ |

pencerelerinden aydinlatma, insan yogunlugu §n.a- —_

ve giines enerjisi kazanimi gibi her bir mahal e/ [ ]

igin ayn ayn bulunmug, ve bir Grmegi insan o

yodunludu igin Sekil-4 de verilmistir. 02| :|
% 5 10 15 2

Zaman (sast)

Gekil & Her Mehal igin nzan Yojunksu Esisi

mahal hava sicakhiklannin sensar dlgtimleri ile kargilagtnimas: Sekil-8 da verilmigtir
Ttk L T Binez 1-4 Maheller ign Perametns Teremlame

Parametre Deger Parametre Deger
[ T760.26 - 74172
[ 1879417 R 03294
Ciz 747397 Ba 0.1714
Cn 467457.60 Ry 13.5480
Cis 3315.02 Roa 10.7485
Cn 84627.16 Ray 0.4404
Cy 21739 Ray 20,6000
Caa T7126.61 Roa 3.9676
Ru 09756 R 0.5387
R, 1.0065 R, 56419

Devaminda, bu model istma/sodutma yiikiini minimize etmek adina her bir mahal igin optimal hava sicakhilann
hesaplayan model Gngdnimlii denetiecimizi (MPC) dizayn etmemizde kullanilr.
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w Zamanjug -
Bu model i |;|n. referans sucakTmJ k, sabit bir deger olarak 24 saatigin 20 ® C'ye ayarlanir, boylece grafik gln boyunca
bu sicaklija gitme edilimindedir.

Bu projenin ana hedefi, bina HVAC Gnitelerinin pik yiiklerini ve enerji tiketimini azaltmak: icin yeni ve dlgeklenehbilic
bir optimal kontrol algortmas geligtirmek, ardindan gelistirimiz algoritmanin olusturulan prototip Gzerinde calishdin
gostermektir. Algoritma geligtirilirken ortamdaki termal konfor seviyesi %80'in tizerinde tutulmustur, Sonraki galsma-
lanmiz arasnda mahallere yerlestirilecek clan termostatiann kullaniarak Yagar Universitesi T Binasinin hava sicak-
liklannin kontroltnin sadlanmasi bulunmaktadir. Buna ek olarak 1stma yiikini en aza indirmeye dayal sistemin tim
tasanmi ve uygulamas), ayni ekilde sogutma ylkiind minimize etmek icin so§utma dénemi igin de uygulanacakt.
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