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ABSTRACT

The objective of this diploma project is the discovery of greenhouse glazing system. In
order to fully understand the concept and be able to design a glazing system I had to do
research to understand the operation and even see through patents what is done by other
designers nowadays.

Firstly a general research concerning greenhouses was conducted in order to gain
knowledge about basic things. Afterwards an analysis starting from the fundamental
level of the greenhouse design took place in order to discover basic functions and
characteristics to be considered. Later on a deeper literature survey was curried out in
order to acquire further knowledge about the latest changes and releases in greenhouse
glazing systems design. It includes production methods, anatomy and materials used
today.

Despite the fact that I faced things I was never taught before, I worked slowly and
steadily, gained the understanding of things and ended in a solution and a possible new
unique design of a greenhouse glazing system. Although I didn't do any construction

and experimentation, it is in my future plans to try it and see the outcome.



CONTENTS

ABSTRACT ..ottt ettt e e er e e sttt e e saee s satt s sa e seenesasaeesbaeenseensses stsssameeesaeeseneeeannaesnaessesesssanes I
CONTENTS ...ttt ettt ntte e etr e e st ta e e sste s sae e s saetseeneeesessrneesseessse s sassssmmaeesaeeseneesananenaessasaessanes v
LIST OF FIGURES .......occticiiieeiee e seeste ettt erre e ste s obeeseesresse s et e sbessbesasen sae s st snnesbessesanesasesnsesnessrnesns VI
ACKNOLEDGMENTS.......ootoitiiiiireiiiiirne e ettt ste e et teeat s s stessbeseasessssees sasssssstsaseasnsesnneesssessesssssans viI
ABBREVIATIONS ...ttt ettt e et er et asseate s sasssnsaeasnsensaes esbsssmneesomeeennessnessassesnnens VI
CHAPTER 1: 1
INTRODUCTION 1
151 OBIEC TINVES suimssins sesinumsssmnnsessaioonmss s s sr sy s essss 55 S8 455 0 555 e e fhdion P 1
1.2, TERMS AND CONDITIOINS o vnsssss vnsnsniss ta sinsin e e 0saiats 5 vt o mmanmasmn oo aarsansnwsmarsn 2
CHAPTER 2: 3
INTRODUCTION TO THE RELATED THEORY K]
2.1. WHAT IS A GREENHOUSE ..ottt st eeeetervresate e seesste e saaie s sheessaasesenessansesantans 3
2.2. AHISTORIC APROACH ...ttt sttt e s satt s esaat e s she e e aeeeaeneeesnnaesneeees 4
2.4. HOW DOES A GREENHOUSE WORK .........oooiiiiiiiiiiiieteeee e eevetcesesesneesnneeseeessresesnsnesaees 6
2.4.1. The reenNOUSE EffEct .............couvviiiiiririiiecerircniereresen e e st es ettt be st bese et e sesssrns 6
2.4.2. TRE 1Al GreRAOUSE ........ccucveeniceiirersrearsieseeeeeseete s sss st st eb e sssses st s rseaesserensenesrans 7
2.4.3. The teChniCal APPIOACH .........ooocueoeveereeeieieeieteereiete it seb ettt ebs st aess s bereenans 7

2.5. GREENHOUSE COVERING MATERIALS USED ......ceoiiiiuitiiiieiciniiiieriecnneeesssnsesssinneessesonssesesseesesssressessonses 8
2.6. MATHEMATICAL EVALUATION OF A GREENHOUSE AND ITS COVERING MATERIAL.......coovenieiiiernnene 11
CHAPTER 3: 12
METHODOLOGY ADOPTED 12
CHAPTER 4: 13
RESEARCH AND STUDY OF THE ART 13
4.1. INTRODUCTION TO THIS CHAPTER ......euviiiiiitieeeiineiiieseseesesisresesssesssantsesssssesesiessesssssssessssaserseesensenes 13
4.2. WHAT DOES A PLANT NEED TO GROWT ....uvuiiiiiiieeiiiceee s et et eseneeteesenenaesesemneessseseesesaaseesessnnnaes 13
4.3, PHOTOSYNTHESIS scusevvevsssssnysmssssssasssniae sissssts soiiissoriaris ci1aiasin iiosih nnnsivs sosnnass ssss ssonssasssssssansossss s nsnsss 14
4.4, TEMPERATURE wevusovanss s soasasssasis s s s s et sy s s e 60 s S i e DTS 0 57 070408 s mmmmmmao et s s 15

G 1. SOLAT PAAIALION ...ttt e e s e e e ae s tessete s e ssaets et ssssnaesssasserasnans 15
442 THE LOFE OF OUT oruesssmmomsomsvmursanssissiosovesss s ss s s s s it 3 553 SRS £35S0 ¥ ananns nasmans 16
CHAPTER 5: 18
STUDY AND EVALUATION OF PRIOR ART 18
5.1. STUDY OF PATENTS ..o cvttieeeiiiieeeeeeeeeeeisesarareesssssaeaesssssesesssesssssssessiasssssesssessssseetessssesesessessesssuesasses 18
5.1.1. US PALENt N0. 5519904 .......omeoiirieiieiirieeieeeie ettt st seste st eva e e b s e s s seessenseneas 18
5.1.2. US patent n0: 6282834 ......cccuevuirririeee ettt ssie sttt st tebs st ass et sas s s s erees 20
5.1.3. US patent n0. 6099559 ........cccurvrminerieireneineseeseniesesstsiessessssasie s tasesrastassassssssasensesiaens 22
CHAPTER 6: 25
PRESENTATION OF RESULTS 25
6.]. THE DECISIONS MADE.......c.uuiiiitiiiiueiiiieeieeetesseeestesersessnsasessesssseseneeessees sasessnnneessssessessansesseessrssesnns 25
6.2. LIST OF REQUIREMENTS TO BE SATISFIED: .....uuiiiitieirierirrererseesiteeeoneeensesseesesssnesasseessssesanseeseesssesssnnes 25
6.3. DETAIL DESCRIPTION OF THE FINAL IDEA ....cuuiiiitieiireeireeentieeieeeeeeeeeeeaseeessasesssaesssseessnsesasessseessnnns 26
APPENDICES ...ttt ettt et e ettt et e e st e s et e e s e s eaee et e e eaeeeeaaneeseneeenneessaneseneesnseesses 32
S0Iar GreenROUSE DESIGNS ..........covvueceriereriareeerieiertaisiesiisett st rsss st e sssssbes s ese s esess et e s s bens s ensreesensesans 32



SOUAF HEt ADSOTDUON osssssvissssissssissosvisssmss ot ossssssiissss cisssmssssosssss s ossissssavivsmivises 5 smisssvmssrenisns 33

SOIAF HEAl SIOTARE iicvosvesssussvimsonivesssmssissmsssssssassns saesisasasssis s sovsssss oo v savassassssanssn o i semsssspi s tovnanss 38
THESULGION s csv.5500viswinsesonesssnssonssss vesssss ssems siovas¥a e 34 VAR SRS TS HHAVA o4 ST S P ST VY PSR PSS PO S A 43
VERHLGIION s-:covsconsussmonmsmsasspmvesvssvuessemersos omsses fosewi sxaames sy s T S NSV T3S O S TR A TSSO 46
Putting It All TOBEIRET ..cussusuuosvsvnssninsviosssnssasaiswssssrnssvosssassmssaissotossssssdo5s nessssassiss svo asssoss sbavasasssso uiesis 47
RELCTEHEES: yicscomsnsvssosmsvssvmvssmnsammsssss oo s vamessssasass sy o S5 HRS3w R A VS A R s H A SRS SR B 48
REFERENCES' & BIBLIOGRAPHY wcuvsisonmunesumisimsssssssanssssmnsasssse s e s s s o ssesss 50



LIST OF FIGURES

Figure 1: A modern glasshouse in RHS WISIEY ......cocvvceeniiiiininciininiirireceeereeneee 3
Figure 2: Nymphaea at the botanical Garden in Braunschweig, Germany....................... 4
Fignre 3; The Royal Greenhouses Of LaCkell. s somssmsesmpssnssussnasmssrans susapmasss 5
Figure 4: The greenhouse effect........cocuveuiriiniinieicnienecee et 6
Figure 5: A greenhouse constructed with a plastic film.......c.cccceeeueererninieneniceiinienenns 10
Figure 6: Schematic diagram of photosynthesis ...........ceceeveveceeenienenieinennieneerennens 14
Fipure 'T: Visible Speetiiilvasossmsmommmonsarammnmssmmsssmssassmmnbins s s 13
Figure 8: Solarradiation Teaching: the: ST . ..cosssmsssmimms.ismsssssiis i i s s i 16
Figure 9: ElectromagnetiC SPECITUIL ......c.ceveirueruerienienitereneeneeesieeneesieeseeeseenseessesssessnens 17
Figure 10: The double layer film ......c.ccccoiviiieriiinieiineneneeec e 18
Figure 11: The two sheets enclosing air POCKELS ........c.ccovereeveriiininenreneeeneneerceeeseenees 21
Figore 12; The desired. tegulf from this patenl .owesems s s amsass 21
Figure 13: The two options suggested by this patent..........c.ccevveererierirneneeneniiensenens 22

VI



ACKNOLEDGMENTS

This project is especially dedicated to my family who raised me and gave the chance to
educate, believed in me and supported me. To close friends who passed long nights of
study next to me and manage to stay sane and finally to the loved ones who manage to
be there even in the worst of times. I hope I made every single one of you feel proud by

my accomplishment.

I owe the inspiration and success of this project to my supervising lecturer Dr Nikos

Angastiniotis, the man who entrusted this project to me and helped me all the way.

Most of all, I owe this project and my studies to “Gero Demos”, who did so much so

that I could be able to have higher studies, and cannot see me graduate

vl



Symbol

nm
pum

AT
Hz
uv

NIR

US PAT

ABBREVIATIONS

Description

Namometer
Micrometer
Rate of heat
Temperature difference
Surface area
Insulating value
Frequency, hertz
Ultra violet
Infra red

Near infra red
transmittance
absorbance
reflectance

U.S. patent

VIII



CHAPTER 1:
INTRODUCTION

1.1. OBJECTIVES

The high energy consumption of greenhouses constitutes the main cost parameter of the
greenhouse cultures and at the same time comprises a serious environmental burden.
Despite this, only a small part of energy that is consumed in the greenhouse is used
towards the heating of the plants, while the bigger part, up to 80%, is lost in the
environment, mainly through the covers of the greenhouse. Studies showed that this
problem cannot be solved with the cover materials used today (PE, PVC, glass, resins
strengthened with glass, etc.) due to the fact that their thermal characteristics which
determine the energy losses through them are of marginal significance. Besides, the
conventional systems of heating that are used today for greenhouses are exceptionally

energy consuming resulting therefore in the worsening of the problem.

The objective of the project is the development of an innovative greenhouse installation

that is characterized by lower energy operational requirements. For this aim:

1. New cover materials will be developed with improved insulating properties
(Advanced Covering Materials), for limiting the abovementioned heat losses
through the cover. Such materials will have to be translucent to solar radiation
which is essential for the photosynthesis of plants. These materials will be
evaluated through analytical calculations of the total saving of energy that is
achieved in the greenhouse through their use while taking into account their cost

of production.

2. The new cover material has to be able to co-op with an auxiliary Infrared
Radiation heating system. Through the use of the alternative system of direct

heating it is expected on one hand to save the energy that is spent today for



heating the air of the greenhouse as a means to heat up the plants through air
heat transport and on the other hand to lower the losses of energy through the
covers to the environment since with the direct heating of plants the temperature
of the cover of the greenhouse remains perceptibly lower (4-6°C) than the

temperature of the cover when conventional heating is used.

3. By making use of the new cover material that will be developed and judged as
the most suitable and the system of direct heating of plants through the use of
Infrared Radiation, the proposed innovative greenhouse will be manufactured
and installed in laboratorial scale for experimental operational evaluation and

quantification of the energy consumed.

1.2. TERMS AND CONDITIONS

It is anticipated that the proposed work will contribute substantially in the development
of greenhouses with lower operational cost and environmental burden. For this reason

some of the work might not to be disclosed until the IPRs are resolved.



