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ÖZET

Yenilenebilir enerjideki kavram sorunlarının en başında kaynakların tek tek ele
alınmasıdır. Halbuki, bu kaynaklar geniş bir yelpazede harmanlanmalıdır. Dalga
enerjisi de bu kapsamda ele alınmalıdır. Bu sunuda dalga enerjisinin de tek başına
yeterli olamayacağı vurgulanarak her üçü de kesikli enerji kaynağı özelliği taşıyan
dalga enerjisi, güneş enerjisi ve rüzgâr enerjisinin birlikteliğinde hidrojen üretilerek
enerji depolamasının olası yararları tartışılmakta ve Trabzon Kenti için bir öneri
sunulmaktadır. Ayrıca H2S yatakları da sisteme dahil edilmektedir.

Bu uygulamada, elde edilen elektrik enerjisinin talepten fazlasının hidrojen üretimi
ile depolanması ve talep olduğunda yakıt pilleri ile tekrar elektriğe dönüştürülerek
kente arz edilmesi, bu arada ısı pompaları ile de bölge ısıtma ve soğutmasının
gerçekleştirilmesi anlatılmaktadır. Bu bağlamda, ikinci bir seçenek olarak bölge
sisteminde hidrojen dağıtımı da yapılarak hidrojen evlerinde kullanılması da
gündeme getirilmektedir. Örnek bir hidrojen evi tasarımı da tanıtılmaktadır.



WE NEED TO DECLARE...

A RATIONALLY CLEAN EARTH 
EVOLUTION STARTING TODAY

THE ENERGY SECTOR MUST RESPOND TO GLOBAL WARMING BY CLIMATE 
RESPONSIVE DESIGNS AND APPLICATIONS, WORLD-WIDE

Our Only Home
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Birol Kılkış, XIII TTMD Int. Symposium Opening Speech, 12/04/2018



BİZ İNŞAATLA MEŞGULKEN NEREYE GİDİYORUZ?



BİR RESİM BİN KELİMEYE BEDELDİR

Yenilenebilir enerji ama nasıl ?



ÖN TESPİTLER
(ECOS 2018, ©Birol Kılkış)



SÜRDÜRÜLEBİLİR KALKINMA ve CO2 SALIMLARI
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SÜRDÜRÜLEBİLİR KALKINMA İLE CO2 SALIMLARINI 
AYRIŞTIRMALIYIZ AMA NASIL?
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YENİLENEBİLİR ENERJİ KAYNAKLARININ KISITLARI

• Eş-Yersizlik

• Eş Zamansızlık

• Kestirimsizlik

• Kesiklilik
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Kaynak

Zaman



POTANSİYEL GÜÇ YOĞUNLUĞU
Kıyı Bölgesi Enerji Potansiyeli 

(1 m enindeki dalga için)
kW-h/m

Karadeniz 1,96-4,22

Marmara Denizi 0,31-0,69

Ege 2,86-8,75

Akdeniz 2,59-8,26

İzmir-Antalya 3,91-12,05

0.40 kW-h/m2

1 kW-h/m2

0.05 kW-h/m2



YOL HARİTASI 1

• Melez Uygulamalar
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Enerji Depolamasız Sistem
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ENERJİ DEPOLAMASI
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Zaman Ekseni

Güneş veya Rüzgar Enerjisi

Thermal Load
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COMBO SYSTEM FOR BLACK SEA 
©Kilkis 2018

A SYNECTIC OFF-SHORE WIND, 
SOLAR, WAVE AND FOSSIL 

ENERGY COMBINATION

ψR= 0.42

ψR= 0.67

ψR= 0.53



SOLAR ENERGY OF TOMORROW

• Rüzgar
• Güneş
• Dalga
• Jeotermal
• Enerji Depolaması

ψR= 0.80



CLOSING THE WATER LOOP
and Generating Fresh Water from the Sea

Water 
Treatment

District

Plant

Make-up 
Water

Sea Water

Hydrogen is an Energy and 
Water Carrier

Hydrogen (or H2O2) 
and Water

Power

Light Assisted 
Catalyzed Water 

Oxidation

Water recovery may be 
up to 70% with cooling. 
Current technologies 
form Chlorine gas. In 
order to avoid this new 
technologies are in the 
field like light assisted 
catalysis. If sea is 
nearby or feasible to 
transport sea water, 
fresh water is an 
important by-product 
of this system. H2O2

may also be feasible to 
use in the hydrogen 
loop, while it can be 
also directly used in 
Fuel Cells.



All DC-SOLAR-Central Hydrogen Hybrid Net-Zero Exergy Building (NZEXB):
Energy-Water- Environment Nexus

COMMENTS

Fuel Cell utilizes the Hydrogen 
fuel and generates electricity at a 
high efficiency. It also generates 
heat and water. Heat is stored in 
thermal energy storage (TES) 
System. Power is distributed in 
the building, exchanged with the 
grid or fed to the electric car. 
Excess power may also be stored 
in the form of cold if the building 
has large cooling loads in ice 
storage tank using a chiller to 
convert power to cold. Water is 
exchanged with the municipal 
water supply line and also used 
in the building. Part of the power 
also goes to GSHP (Installed if 
thermal loads are high in the 
building).

Ground-Source Heat Pump 
(GSHP) may be installed to the 
system at optimal capacity if the 
thermal loads are high in the 
building. Addition of the GSHP 
enables to minimize the need for 
hydrogen fuel in the building and 
reduces the grid load. It is driven 
by part of the electricity 
produced by the fuel cell (FC). 
GSHP increases the Rational 
Exergy Management Model 
(REMM) efficiency by almost a 
factor of COP (Coefficient of 
Performance) both in heating and 
cooling. Its heat or cold output is 
forwarded to the thermal energy 
storage (TES) or Cold Water Tank 
(CWT). Ground acts to be a 
seasonal thermal energy storage 
system.

Fuel Cell (FC) is the heart of the 
hybrid system in the building. 
Instead of a fuel cell complex at 
the district power plant, each 
building has its own custom-
optimized fuel cell. FC is driven by 
the hydrogen fuel obtained from 
the H2 pipeline. Its power 
generation efficiency (First Law)is 
close to 60%. It generates both 
heat, power, and water. Thus it is 
indeed a cogeneration system. 
Heat is stored in TES. TES serves 
the building heating system 
(Radiators). Heat is partly used to 
temperature peak the reject heat 
from the Absorption System for 
Domestic Hot Water (DHW). ABS is 
used for space cooling by fan-coils 
(FC) and Wall Cooling. Reject heat 
from ABS is used in floor heating.

TES Stores the high-temperature 
heat generated by FC. When 
there is a cooling demand, it 
charges the Absorption cooling 
machine (ABS) to generate cold, 
which is stored in CWT (Cold 
Water Tank). GSHP also feeds the 
CWT. If the space in the 
mechanical room is limited ice 
storage tank may be used. In this 
case ice is formed by a dedicated 
deep chiller operated by the 
electricity generated by the FC 
unit. Reject heat of ABS and heat 
from the parked Hydrogen Car (if 
connection exists) run the floor 
heating system. Reject heat from 
ABS system and heat from the 
Solar PVT system is used for 
preparing DHW (Domestic Hot 
Water).

There are five electric power 
inputs to the building. All are 
direct current (DC) type. These 
sources are:
1- Fuel Cell (FC): Major Supply
2-Solar PVT: Secondary Supply. 
PVT (Solar Photovoltaic and 
Heat) generates both power and 
heat while PV cells are cooled.
3- Hydrogen Car: At parked and 
connected position the 
hydrogen car provides power to 
the building.
4- Gasoline-engine Car: If there 
is a regular car parked and 
connected, surplus battery 
power may be used in the 
building at optimum level
5-Grid Power: This is the power 
generated by Central FC system 
in the district plant.

Solar PVT (Solar Photo-Voltaic 
and Thermal) is a solar 
cogeneration system, which 
comprises PV cells and a 
cooling system. In especially hot 
climates and seasons PV cells 
need to be cooled for 
maintaining their First-Law 
efficiency. The heat absorbed 
by the cooling circuit may e 
used to charge the desiccant 
wheel to control the humidity 
level of the indoor air, used for 
preparing DHW, or used in the 
floor heating system. In DHW 
system often temperature 
peaking is required in order to 
eliminate the Legionella disease 
risk. Building integrated PVTC 
(Solar Photo-voltaic heat and 
cold) system may also be used.

Flow control is crucial for a 
PVT and PVTC system, such 
that the total exergy output of 
the solar system is maximized. 
A dedicated controller 
algorithm is necessary to 
custom design the circulating 
system and control it 
continuously. The algorithm 
also keeps an eye on the 
circulating DC pump parasitic 
loss and the temperature 
peaking exergy demand, such 
that the net result is a positive 
exergy gain.

The indoor climate is 
controlled by a desiccant 
wheel. This system is charged 
by the PVT and/or ABS reject 
heat, supplemented by high-
temperature heat from TES. 
Desiccant wheel eliminates 
the need for condensing cold 
temperatures that may be 
obtained from a conventional 
chiller system. This 
elimination increases the cold 
temperature demand either 
from the GSHP or the ABS 
system. In both cases the COP 
of cooling increases, which 
improves the REMM efficiency 
further. The wall (and/or 
ceiling) cooling panel system 
also increases the cold 
temperature demand level.

Fresh water is blended with 
the H2O output of the Fuel 
Cell (FC) and the municipal 
water line from the district 
plant. DHW is prepared by 
primarily the waste heat and 
temperature peaked by FC 
output if necessary.

Private cars spend almost 95% of their 
time in the parking lot.
Three types of cars may be docked to 
the building. These are:
1- Gasoline-engine Car: This type of car 
may be connected to the electrical 
system of the building to provide some 
electrical energy from its battery 
charged during the day time while 
driving.
2- Electric Car: Although current electric 
cars have disadvantages, if one is 
parked, its batteries may be charged by 
the FC system at a much higher 
efficiency of power conversion using 
hydrogen gas.
3- Hydrogen Car: Parked car receives 
hydrogen fuel at the building site after 
pressurization. It may provide back 
power, water, and heat to the building.
Cars are hourly energy storage systems.

A dedicated real-time control from a 
central automation system is crucial 
in order to achieve the NZEXB 
conditions. Main controls are:
1- PVT Flow control
2-Master control/optimizer for 
maximum REMM efficiency so that it 
is maintained above 70%.
3-Individual controls for FC, TES, ABS, 
and CWT, which are all orchestrated 
by the Master Control.

WATER

ENVIRONMENT

ENERGY

Phase 1

A Complete Energy-Water-
Environment Nexus at Building Level

LVDC for homes 
are becoming 
more common 
and safer.



HYBRID HYDROGEN HOME



AN OUT-OF-THE BOX SOLUTION





COMPOSITE RENEWABLE EXERGY ATLAS

© Siir Kılkış, 2016



Exergy-Based Renewable Atlas of Turkey

© 2016 Şiir Kılkış

TURKEY

Average
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COMPOSITE ATLAS



San Kilkis
Unesco Ödülü 2002

Sizi Bilimsel ve Teknolojik 

Farklılıklarımızın Bilincine Varıp Yeni 

Fırsatlara Dönüştürmeye Davet Ediyorum.

Her Ezber Bozanın bir Çözümü Vardır


