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ExecutiveSummary
Thiswhitepaperexplores thecritical role and transformativepotential of 5thWorld’s
(5W)PassiveSolarGreenhouse (PSGH)equippedwithClimateBattery technology in
addressingchallenges including, but not limited to:

● Ensuringayear-roundsupplyof nutrient-dense food
● Drastically reducingcarbon footprints
● Creatingaesthetically pleasing spaces tailored to individual needs
● Enhancing resilience in an increasingly unpredictableclimate

Through theapplicationof TRNSYS (TransientSystemSimulation Tool), a flexible
softwareenvironment used to simulate thebehaviourofdynamicand transient systems,
the5WPSGHdesignwasevaluatedagainst conventional stylegreenhouses (both
insulatedandnon-insulated) in variedclimatic conditions inNorthAmerica: Kamloops,
BC;Calgary, AB; London,ON; andBoulder,CO.
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Theanalysis conductedon the thermodynamicoutputof TRNSYShighlights the
remarkableenergye�ciencyof the5WPSGH,which, onaverage, requiresonly 1.2%of
theenergyconsumedbyconventional greenhousesand2.3%of thatbyconventional
greenhouseswith insulation. Thismarks agreat stride towardsminimizingoperating
costs, reducingenvironmental impact, and increasing thermal comfort ofbothplants
andhumans.

Beyondservingasaneco-friendly alternative toconventional greenhouses, the5W
PSGHpresents itself as a strategic investment for a resilient future, tailored toyour
lifestyle andpreferences.Weworkcloselywithour clients in an innovativeand
collaborativemanner to implement features suchas saunas, hot tubs, games rooms,
and rainwater harvesting systems tocreateholistically designedmultifunctional
food-bearing spaces thatgobeyond traditional agriculture.We invite you todiscover
thebenefitsof the5WPSGHthrough freediscoverycalls,wherewecancultivatebotha
collaborative relationshipanda resilient future.

Introduction
Historically speaking, human ingenuity in shelter design reflectedadeepharmonywith
natural forces. For example, over 5,000years ago, Iranian architectsdesignedbuildings
withpassivecooling systems,preservingwinter icewell into theblistering summers for
later use (Bahadori, 1978). TheGreekshadplanned their cities tobeoriented towards the
sun formaximumandequitable solar gain for all its inhabitants.

Onedoesn’t have to look far to seehow farwehave strayed fromthesepassive
principles.While ancient civilizationswereable toengineer harmonywith nature's
o�erings,modernpractices, especially in thegreenhouse sector, havediverged. In
Alberta,Canada, about82%ofgreenhousesconsumeastaggering5 x 106GJof natural
gaseachyear, translating to roughly 234,000metric tonsofCO2emissions (Spencer et
al., 2018; Ellouze&Mirza, 2017). Beyond theenvironmental toll, thefinancial implications
areharsh:Heatingexpenses routinely account for up to35%of total productioncosts in
Canadiangreenhouses (Ahmedet al., 2019), a figure that'sbeenon the rise. This isn't just
a localisedchallengeeither—it reflects aworldwidedilemma, illustratinga tension
between increasinggreenhouseenergydemandsandaglobalmomentumtowards
regenerativeandhealthy living thatprioritizes local solutions, nutrientdense food, and
foodand fuel security.

Amidst theglobal urge tocutbackonemissions, andachieve self custodyof
nutrient-dense food, the ideaofonceagain cooperatingwith nature is rapidlygaining
prominence. Thiswhitepaperdelves into thepromiseof5thWorld’s PassiveSolar
Greenhousedesignswith aparticular focusonour revolutionaryClimateBatterydesign.
Throughcase studiesofourgreenhouses inKamloops,BC;Calgary, AB; London,ON;
andBoulder,CO,wewill elucidate thepromiseofour innovativedesign technology, and
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support thosepromiseswith theoutputsof state-of-the-art thermodynamic
modelling. Further,wewill discusswhy forward-thinking investors should viewPassive
SolarGreenhousesasmore than just aneco-friendly asset: Theyarealsoa strategic,
long-term investment thatprovidesdividendsbeyondmeasure.

Our journey towards local-scale regenerative solutions seesuscombineancient
wisdomwithcontemporary innovation, remindingus that the solutions for abrighter
tomorrowoften lie in thewisdomof yesteryears. This journeybeginswith reimagining
our relationshipwith natureandharnessing itspotential in away thatbenefits us today
andnotonlypreserves, but creates resources for futuregenerations.

TheAnatomyof aPassiveSolarGreenhouse
Peoplehave sought reliable sourcesof nutrient-dense foodsinceancient times. In an
eradevoidofmodernmedical luxuries, theRomanEmperor Tiberiuswasbesetwith
illness, andhisprescriptionwas simple: Acucumber aday.However,meeting this simple
requirementposedachallengegiven theconditions needed for thecucumber togrow.
Rising to theoccasionwas thedesignof thefirst greenhouse, craftedwith thin
translucent sheetsof selenite, a crystalline varietyofgypsum.

Fast forward to today, andgreenhouseshaveproliferated far andwide. Stretchingover
anastoundingninemillion acresglobally, these structures havebecomeaubiquitous
part ofour agricultural landscapesandbackyardgardens. Yet,with vast expanses
sheathedalmostentirely inglazing, thesecontemporarygreenhousesdemand
staggeringenergy inputs.

The term “passive-solar”may sound likeamodernbuzzword, but asdiscussedabove,
theprinciples areasancient as humancivilization itself. At its core, apassive solar design
harnesses the sun's energywithout relyingonexternal, activemechanical systems.
Instead,passive solar design leveragesadynamic interplaybetween thenatural
processesof solar andmechanically inducedconvection, conduction, and radiation1, all
carefully designedwithin architectural elements tomodulate temperature, resulting in
theoptimal conditions forgrowth, foodstorage, and/or humancomfort.

Thearchitectural elements thatmodulateconvection, conduction, and radiation in
order toachieveoptimal conditions forgrowth, foodstorage, and/or humancomfort
are as follows2:

● Aperture: Thecomponent throughwhich sunlight enters a structure—essentially
the ‘window’ for the sun.

● Collector:Directly absorbs the sunlight streaming through theaperture

2For anexpandeddescriptionof thearchitectural designelementsconsidered inpassive solar
design, please refer toAppendix 2.

1For aprimeron theseprocesses, please refer toAppendix 1.
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● Thermalmass:Materials that cancaptureandstoreheat
● Distribution: Todistribute theheatgeneratedby thecollector
● Control: To regulate theamountof sunlight and /or heat that is permitted to stay

in the structural system

Eachof theabovearchitectural elements holds thepotential toprofoundly influence
theconditionswithin agreenhouse, determiningboth the successof fosteringplant
growth, and theenergyexpenditure required to sustain thatplantgrowth.Over thepast
12 years, 5thWorldco-founder andmechanical engineer, RobAvis, hasdelveddeep into
this art andscienceofgreenhousedesignby studying, testing, and refiningeachof
thesearchitectural elements, pushing theboundariesofwhat's conventionally known
andpractised.

Whilemanygreenhouses focusmerelyoncapturing sunlight, 5Wgreenhousesaim for a
holisticbalance:maximizing sunlight capture, ensuringe�cient heat storage, and
maintainingoptimal conditionswith the least energyexpenditure. The5WPassiveSolar
Greenhouseequippedwith aClimateBattery (henceforth referred toasPSGH) hasa
uniqueadvantagestemming from itsprecision-engineereddesign that notonly
optimizeseacharchitectural element for superior energye�ciencyandenvironmental
control but also integrates them intoamorebalancedande�ective systemvia the
ClimateBattery system; the result beinganextendedgrowing season, improved
conditions forgrowing/storingcrops, andsignificantly reducedenergyconsumption.

TheClimateBattery Explained

Thecentrepieceofourgreenhousedesign strategy is theClimateBattery system,
which integrates thearchitectural elementsofpassive solar design to redefine
greenhousee�ciencyand functionality. But,what is theClimateBattery, andhowdoes
it contribute to thee�ciencyofourgreenhouses?

AClimateBattery is essentially a subterraneanair-management andheat storage
system.Picture it as agreenhouse’s energy reservoir that canbe tapped intowhen
outsideambient temperatures fall in theautumn,winter, andevenanomalously cold
days in the summer. Rather than lettingexcessheatescape into theatmospherewhen
there is anabundance, theClimateBattery captures it andwaits until it is crucial for that
heat tobedistributedback into thegreenhouse inorder tomaintainoptimal growing
conditions.
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Figure 1.GraphicRepresentationof theFifthWorldPassiveSolarGreenhousewithClimateBattery and
IntegratedRootCellars

The following tabledrawsacomparisonbetweenconventional greenhouses, and the
5WPSGHwithClimateBattery™design technology.

Table 1.ComparisonofArchitecturalDesignElementsofConventionalGreenhousesand the5WPassive
SolarGreenhousewithClimateBattery

Architectural
Element

ConventionalGreenhouse 5thWorld’s PassiveSolar
GreenhousewithClimate
Battery

Aperture Typicallymadeof a single layer
ofglass, plastic, or
polycarbonateonall sides.
While thisdesignallows for a
highdegreeof light
penetration (i.e. theaperture is
always fully open), it o�ers very
little insulation, allowingheat to
escape readily andeasily.Can
lead toexcessiveheatduring
theday, and rapidheat loss
during thenight.

In thenorthern hemisphere, the
north,west, andeast facingwalls,
plus the south facingknee-wall
are all heavily insulated. The
resultant aperture is limited to the
south facingglazing for
greenhouses in theNorthern
Hemisphere, andnorth facing
glazing in theSouthern
Hemisphere.Ourdeliberately
orientedandplacedgreenhouses
maximize incomingsunlight,while
minimizingheat loss.
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Collector With theentire structureacting
as theaperture, thecontents
of the structure itself acts as a
collector. Because there is
littledistinctionbetween the
collector and the restof the
structure, there is very little
control over heat absorption
anddistribution.

Ourprecisioncraftedcollector
surfaceswith lowalbedoare
positionedstrategically toabsorb
maximumsunlight, convert it to
heat, andstore that heat
underground for later use.

ThermalMass While some traditional
greenhousesmayuse thermal
mass, their influence is
diminishedby the fact there is
so little insulation tokeep that
heat in. Furthermore, that
thermalmassdoesnot hold
heat for longer thanovernight,
limiting the influence it can
exert duringa longer time
scale.

By incorporating thermalmass in
ourdesigns that includeheavy
insulation, theheat radiated from
thermalmass stays in the
greenhouse,modulatingnight
time temperatures.

Distribution Heatdistribution ismanaged
through forcedconvection via
fans.

Bycapturing sunlight viaour
collector, andsending it toour
ClimateBattery™, heat is
distributedunderground tobe
extractedat a later timewhen it is
colder. Furthermore, automated
fansmoveair, andwhile
distributingheat alsoprevent
stagnation.

Control Achieved throughventilation Our advancedand fully
automatedcontrolmechanisms
openwindows,doors, andvents,
aswell as turnon fanswhen
certain conditions aremet.

Closing theLoop:HarnessingEarth’sNatural Thermostat

Our improvementsover the traditional greenhousegoaboveandbeyondextending the
growing season—the5WPassiveSolarGreenhouses takee�ciencya step further. Not
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onlydoourgreenhousesnurtureplants throughpassivemeans, but theyalsoo�er an
ingenious solution to store theyieldof your harvest. As anoptional feature,we’ve
integrateda seriesof threedi�erent root cellars, each tailored tocater todiverse
storageneeds:

1. Cool andHumidCellar:Withacool andmoist environment, this root cellar is
perfect for root crops.

2. Cool andDryCellar: Ideal for grains, peas, cannedgoods, and the like, this cellar
ensures yourproduce remainscool yet free fromexcessivemoisture.

3. Colder andDry: Thecoldestof the threecellars, this chamber iswell suited for
curingmeats, storingcheese, and long-termstorageoffinewines.

Eachcellar utilizes anarrayofEarth Tubes forpassive temperatureandhumidity control.
During the summertime, theEarth Tubesdrawair towards thegreenhouse, naturally
cooling it to theEarth's temperature.Conversely, duringwinter, theEarth’s stable
subsurface temperaturegentlywarms theair, providing just the right environment for
storage.

Figure2. Earth tubesystemforpassivecoolingof root cellars

Furthermore, our systemensures that thegases releasedby the storedcropsareput to
productiveuse:We’ve innovativelydesigned the structure so that thegaseous
compounds suchasethylene, carbondioxide, andothergasesemanating fromthe root
cellars aredirected toward thegreenhouse,where theycanbeused toenhanceplant
growth. Therein lies thegeniusofourdesign,wherewe transformapotentially
life-threateningproblem intoanenriching solution. Thedesignof sucha system
demonstrates aharmoniousbalance,wherewaste is transformed into valuable
resources forplant health andproductivity.
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FromTheory to Thriving:CaseStudiesof Passive
SolarGreenhouses inAction
This sectionexplores theoutputsof the thermodynamicmodellingconductedbyDavid
Bradley, principal investigator at Thermal EnergySystemSpecialists (TESS). The
thermodynamicmodellingwasdonewith TRNSYS (pronounced ‘tran-sis’), a flexible
softwareenvironment used to simulate thebehaviourofdynamicand transient systems.
To learnmoreabout TRNSYS,goHERE. TRNSYSwasused tocompare
conventional-stylegreenhouses (with andwithout an insulatednorthwall in order to
simulateamoree�cientbuildingwithout aclimatebattery)with the5WPSGHwith a
ClimateBattery. Thegreenhouses thatweremodelledhad the followingcharacteristics:

● Dimensionsof 6.1mx 12.2m
● Oriented fromwest toeast tomaximize solar gain
● In the instanceswhere insulationwasmodelled, the insulationhadanRvalueof 17
● Eachgreenhousewasmodelled tohave twoheaters, one locatednear the

ground, andanother at a heightof 4.5m (14ft). Theseheaterswereautomatically
turnedon in the simulation inorder to keep thegreenhouse temperatures above
5°C (41°F) at all times

● Eachgreenhousewasequippedwith a ventilation systemthat e�ectively
capped the internal temperatures toamaximumof40°C (104°F)

To investigatehow the5WPassiveSolarGreenhouseperforms in anarrayof climatic
regions, themodelwas runwithdi�erent typicalmeteorological year (TMY) files3. The
performanceofconventional-stylegreenhousesbothwith andwithout an insulated
northwall, and the5WPassiveSolarGreenhousewithClimateBattery technologywas
explored in the following locations:

● Kamloops,BritishColumbia,Canada
● Calgary, Alberta,Canada
● London,Ontario,Canada
● Boulder,Colorado,UnitedStates

Both the temperatureand the incomingsolar radiation (henceforth referred toas
insolation)within the TMYs for the listed locations abovevary significantlybothwithin
andamongst locationswithin themodellingperiod. The variations inbothmetrics are
critical indetermining the thermal andenergyperformanceof the threegreenhouse
designsexplored in thispaper andcanbeexplored in Figure3 (temperatures), Figure4
(insolation), andTable 1. Pleasenote thatdue to thenatureof the TMYfiles, thereareno

3ATMY is acompilationof selectedmeteorological data for a specific locationover a specific
period (generally 20−30years). Thedata in a TMY is not fromasingle yearbut is acompositeof
various individualmonths fromdi�erent years, chosen to represent a ‘typical’ year for that
location.
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datesdisplayed, and rather, the x-axis of the subsequentplots in thispaper are labelled
with theDayof theYear, rather thandates.

Figure3. Temperaturefluctuations in the TMYfiles used in the TRNSYSmodel for each location.
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Figure4. Insolationfluctuations in the TMYfiles used in the TRNSYSmodel for each location.

Table2.Comparative Temperature and InsolationVariabilityWithin the TMYofEachStudiedLocation

Location

Dayswith
AvgTemp
<0°C
(32°F)

Dayswith
AvgTemp
<-10°C
(14°F)

Dayswith
AvgTemp<
-20°C (-4°F)

Std.DevofDaily
Temperatures
(°C/°F)

Std.DevofAvg
Daily Temps
(°C/°F)

Cumulative
Insolation
(Wh/m²)

Kamloop
s 44 6 2 2.2/4.0 6.4/11.6 336,655.3

Calgary 98 35 5 3.5/6.3 8.1/14.6 344,517.6

London 105 19 0 2.7/4.8 7.7/13.9 403,828.1

Boulder 55 12 0 4.5/8.1 7.2/13.0 564,248.7

ResearchQuestions
Whileexploring theperformanceofgreenhouses in these regions, the focuswas
primarily on investigating the following researchquestions:

1) Howdidenergyusagecomparebetweenconventional greenhouses,
conventional greenhouseswith an insulatednorthwall, andPassiveSolar
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Greenhousesequippedwith aClimateBattery throughout a typical
meteorological year'swinter season?

2) Underwhat climatic conditionsdidPassiveSolarGreenhouseswith aClimate
Batteryperformmoste�ectively compared toconventional greenhousesand
conventional greenhouseswith an insulatednorthwall? Thiswasevaluatedbased
on:

a) Themaintenanceof temperaturewithin thegreenhouses, particularly how
PassiveSolarGreenhousesmanaged temperaturedi�erences
compared to theother two types.

b) Theoverall energyexpenditure required formaintainingoptimal growing
conditionswithin thePassiveSolarGreenhouseversus theconventional
greenhouses.

Kamloops,BC
Located in the semi-arid hills andsage-brush-coveredgrasslandsofcentral British
Columbia, Kamloops,with aKoppen-Geiger classificationofBSk (semi-arid),
experienceshot anddry summers, andmild (albeit long)winters. Thegrowing season in
Kamloopsoftenbegins inweek24of theyear, andgenerally endsaroundweek37, but
frosts canoccur in anymonthof theyear. In termsofextremes, temperatures in the
winter can fall to lowsof approximately -40°C (-40°F), andhighsof approximately 10°C
(50°F); in the summertime, temperaturescanexceed40°C (104°F), yet alsodropbelow
0°C (32°F).

In the TMYfile forKamloops,BC (Figures3and4), twodistinct cold snapsoccurred,
resulting inminimummodelledoutside temperaturesof -25.0°C (-13.0°F) and -16.5°C
(2.3°F) on thedaysof January8and28, respectively. Therewere44dayswith amean
temperaturebelow0°C (32°F), 6dayswith amean temperaturebelow-10°C (14.0°F),
and2dayswith amean temperaturebelow-20°C (-4.0°F).Over theentiremodelled
period, Kamloops received336655.3Wh/m2,making it thearea that received the least
amountof sunshine in all theareasexplored.

Within the scopeofevaluatinggreenhouse thermal performance inKamloops, the
TRNSYSoutput andsubsequent analysis reveal insightful distinctions acrossdi�erent
greenhousedesigns.Despite the lowermaximumtemperature reachedwithin the
PSGH,whencompared to theother stylesofgreenhouses, thePSGHmaintainedan
average temperatureof4.7°C (8.5°F)warmerwhencompared to its conventional
counterpart, and 1.9°C (3.4°F)warmerwhencompared to the insulatedconventional
greenhouse. Similarly, theaverage temperaturebetween thePSGHand theoutside
ambient temperatureduring themodelperiodwas 14.1°C (25.4°F).

In otherwords, the thermodynamicmodelling suggests that thePSGHdisplays ahigher
capacity tomodulate temperatureextremesbybeingcoolerwhen it iswarmeroutside,
andwarmerwhen it is colderoutside.Ofparticular note, is that thePSGHaccomplishes
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thisbybothusing significantly lessenergyand requiring the receiptof less sunlight than
its counterparts (seeFigure5).While the receiptof less sunlight in thepassive solar
greenhouse is less, ourprototypes suggest that yields arenotconsiderably a�ected.

Figure5.Comparative analysis ofGreenhouse Temperatures,Daily EnergyUse, and IncidentSolar
Radiation forVaryingDesigns inKamloops,BC

Day6 represented thecoldestdaywithin the TMYfile,with aminimumtemperatureof
-25.0°C (-13°F),mean temperatureof -22.7°C (-8.9°F), andmaximumtemperatureof
-19.0°C (-2.2°F); on thisparticular day, theconventional greenhousemanaged to
maintain anaverage temperatureof 6.6°C (43.9°F) (minimumof5.0°C (41.0°F);
maximumof 13.4°C (56.1°F))with anenergyexpenditureof 102.1 kWh.While the
conventional greenhousewasable tokeep temperatures above freezingon this
particular day, it did sowith roughly the sameamountofenergy required tokeepa
moderne�cient refrigerator (approximately 300kWh/year) running for 4months. In
contrast, theconventional insulatedgreenhousedemonstrated improved thermal
regulationover its non-insulatedcounterpart, utilizing57.6 kWh tomaintain anaverage
temperatureof8.8°C (47.8°F) (minimumof5.0°C (41.0°F);maximumof 19.1°C (66.4°F)).
Most notably, thePSHGwithClimateBattery showcaseda relatively exceptional
e�ciency in temperature regulationandenergyuse,with anaverage temperatureof
12.6°C (54.7°F) (minimumof9.2°C (48.6°F);maximumof 18.4°C (65.1°F)) andenergy
expenditureof 9.5 kWh, significantlyoutperforming theconventionalmodelswith
regards toboth thermal comfort andenergye�ciency.

The stark contrast inperformancebetween thePSGHwithClimateBattery and
conventional counterparts underscores thepotential ofpassive solar designsand
climatebatteries in achieving sustainable andenergy-e�cientgreenhouseoperations
in theKamloops regionofBritishColumbia. Please refer to Table3 for a relative
comparisonbetween thegreenhouseson thecoldest threedayswithin the TMYfile.
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Regardingcumulativeenergyexpenditures across thedi�erentgreenhouse types in
Kamloops,BC, Figure6 revealsdistinct thermal performances. Theconventional
greenhouseexperiences significant fluctuations in heater energyusage in response to
ambient temperature variations,with a total cumulativeenergyexpenditureof 2126.1
kWhover 160days for 142uniquedays (startedonday294, andstoppedonday89). The
insulatedconventional greenhouseexperiences the samefluctuationsbut toa lesser
extent, andwason for 119days in total in themodellingperiodover 157days (startedon
day297, andstoppedonday89), culminating in a total energyconsumptionof 1228.9
kWh. Finally, thePassiveSolarGreenhousewith aClimateBattery useda total of 39.4
kWhover 26days for 9daysonly (startedonday3, andendedonday29).

The insightsdrawn fromtheanalysis of the TRNSYSoutput for Kamloops,BC lead toan
inevitableconclusion: the investment in apassive solar greenhousewith aClimate
Battery is apath to significant energy savingsand regenerativegreenhouseoperations
in theclimateofKamloops,BC.Bymaintaining stable temperatureswithout relianceon
extensiveheating, even in thecoldestofdays, thePSGHwithClimateBattery standsout
in spades from its conventional counterparts.
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Table3.ComparativePerformanceAnalysis ofGreenhouseDesignStrategiesonColdestDays inKamloops,BC

Day: Day6 Day7 Day5

Metric:

Min
Temp
(°C/°F)

Mean
Temp
(°C/°F)

Max
Temp
(°C/°F)

Energy
Expenditure

(kWh)

Min
Temp
(°C/°F)

Mean
Temp
(°C/°F)

Max
Temp
(°C/°F)

Energy
Expenditure

(kWh)

Min
Temp
(°C/°F)

Mean
Temp
(°C/°F)

Max
Temp
(°C/°F)

Energy
Expenditure

(kWh)

Outside/Ambient
:

-24.9/-12
.8 -22.7/-8.9 -19.0/-2.2 -

-24.6/-1
2.3

-20.7/-5.
3 -16.4/2.5 -

-23.0/-9.
4

-20.0/-4.
0 -17.0/1.4 -

Conventional
Greenhouse: 5.0/41.0 6.6/43.9 13.4/56.1 102.1

5.0/41.
0 5.4/41.7 9.3/48.7 117.5 5.0/41.0 7.6/45.7 14.9/58.8 93.6

Conventional
Insulated
Greenhouse: 5.0/41.0 8.8/47.9 19.1/66.4 57.6 5.0/41 6.4/43.5 13.5/56.3 71.3 5.0/41.0 10.0/50.0 20.4/68.7 55.6

PSGHwith
ClimateBattery 9.2/48.5 12.6/54.7 18.4/65.1 9.5 8.7/47.7 13.2/55.8 19.2/66.6 6.5 9.3/48.7 12.4/54.3 17.2/63.0 4.4
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Figure6.ComparativeAnalysis of Thermal PerformanceandHeatingEnergyExpenditure inDi�erent
Greenhouses inKamloops,BC

Calgary, Alberta
Nestled in the foothills ofCanada’sRockyMountains,Calgary, Alberta hasaclimate
classifiedashumidcontinentalwithwarmsummers (KoppenGeiger classificationof
Dfb), characterizedby stark temperaturecontrasts across seasons.Calgaryendures
long,brisk, snowywinters,with temperaturesoftenplummeting to -40°C (-40°F),
whereas summerushers in theheatwith temperatures that canexceed32°C (89.6°F).
Theoutdoorgrowing season inCalgary is short—generally starting inweek22and
endingaroundweek37.With agrowing seasonofonly 15weeks,which is further
characterisedbyhaving incrediblydynamicweatherpatterns that canbring
temperaturesbelow freezingat anypoint in the summer, greenhousesareoftenusedas
ameans toextend thegrowing seasonandprovideabu�erbetween theplants and the
outsideenvironment.

Relative to theother locationsexplored in thispaper,Calgaryexperienced thecoldest
overall temperatureswith 35dayshavinganaverage temperaturebelow-10°C (14.0°F),
and5dayswith anaverage temperaturebelow-20°C (-4.0°F).Compared to theother
locationsconsidered in thispaper,Calgarywasmodelled tohave received the second
least amountof insolation,with 344517.6Wh/m2over themodelperiod. Furthermore,
Calgarydisplayed thehighest standarddeviationof averagedaily temperatures at
8.1°C (14.8°F), suggesting that theday-to-day temperaturescan vary significantly.

Several key insightsemergeuponevaluating the thermal performanceofeach
greenhousedesign inCalgary. Asper Figure 7, thePassiveSolarGreenhouseclearly
exhibits a visible concentration towardshigher values regarding the temperature
di�erencebetween thegreenhouseand theoutside temperature; bothconventional
counterpartsdisplay ahigher variability of temperaturedi�erences.

The trait of high variabilitywith respect to theconventional greenhousesextends further
whenconsidering the total daily heater energy,whereby the rangeof total daily heater
energyexpenditure is clearly highestwith theconventional, followedby the insulated
conventional, andfinally thepassive solar.Much like themodelledKamloopsexample, it
appears that thePSGHdisplays ahigher capacity tomodulate temperatureextremes
bybeingcoolerwhen it iswarmeroutside, andwarmerwhen it is colderoutside, all while
using lessenergy, andwith less sunlight.Despite the reducedsunlight exposure in the
passive solar greenhouse, ourprototypegreenhouse suggests that cropyields remain
largely una�ected.
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Figure 7. Comparative analysis ofGreenhouse Temperatures,Daily EnergyUse, and IncidentSolar
Radiation forVaryingDesigns inCalgary, AB

Thecoldestdaymodelled inCalgarywasday22,when the temperatureoutside
reachedamodelledminimumof -26.0°C (-14.8°F) (meanof -22.8°C (-9.0°F),maximum
of -20.3°C (-4.5°F)).On thisday, theconventional greenhouse reachedamodelled
minimumtemperatureof5.0°C (41.0°F), ameanof6.8°C (44.2°F), amaximumof 13.3°C
(55.9°F), andachievedsucha temperatureprofilewith acumulativedaily expenditureof
99.1kWh.

Boastinga slightlybetterperformanceon thecoldestmodelledday, the insulated
conventionalmaintained inside temperatures at anaverageof9.4°C (48.9°F) (minimum
of5.0°C (41.0°F),maximumof 19.3°C (66.7°F)), with anenergyexpenditureof46.8 kWh.

Lastly, on thecoldestmodelledday, thePassiveSolarGreenhousehadanexpenditure
of8.0kWhwhichmaintainedanaveragedaily temperatureof 12.6°C (54.7°F), anda
minimumof 10.1°C (50.2°F) andamaximumof 16.8°C (62.2°F). Thisdataexemplifies the
performanceof5thWorld’s PassiveSolarGreenhousewithClimateBattery technology,
which,withminimal energyexpendituremaintainedastable thermal environment
despite harshexternal temperatures. Please refer to Table4 to see the relative
performanceofeachgreenhouseon the threecoldestdayswithin the TMYfile for
Calgary.

In examining total energyusagewithin the threegreenhousemodels inCalgary, Figure8
highlights the varying thermal e�cienciescompared toambient temperatures. The
standardconventional greenhousedemonstrates notableenergyconsumptionpeaks
alignedwithcold snaps,with amodelled total energyuseof3293.2 kWhover 181days
butbeingon for 165days (beginningonday275andconcludingonday91). The
greenhousewith added insulation showsa similar variation in energyconsumption,
albeit to a lower amplitude, operating for 131dayswithin theanalysisperiodover 158
days (betweenday297andday90), resulting in anoverall energyexpenditureof 1534.5
kWh. In contrast, thePassiveSolarGreenhouseequippedwith aClimateBattery
demonstrates aminimal energy requirementof 70.0kWhover 88days (fromday324 to
day47),whereby theheaterwason for 21of those88days.
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Theevaluationof TRNSYSoutputdata forCalgary, ABundeniably supports thenotion
thatopting for aPassiveSolarGreenhouse integratedwith aClimateBatterypaves the
way for substantial energy savingsandbotha reduction ingreenhousegas relianceand
the sizeof thecarbon footprint in thisparticular climate.
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Figure8.ComparativeAnalysis of Thermal PerformanceandHeatingEnergyExpenditure inDi�erent
Greenhouses inCalgary, AB
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Table4.ComparativePerformanceAnalysis ofGreenhouseDesignStrategiesonColdestDays inCalgary, AB

Day: Day22 Day365 Day45

Metric:
Min Temp
(°C/°F)

Mean
Temp
(°C/°F)

Max Temp
(°C/°F)

Energy
Expenditu
re (kWh)

Min Temp
(°C/°F)

Mean
Temp
(°C/°F)

Max Temp
(°C/°F)

Energy
Expenditu
re (kWh)

Min Temp
(°C/°F)

Mean
Temp
(°C/°F)

Max Temp
(°C/°F)

Energy
Expenditu
re (kWh)

Outside/A
mbient:

-25.9/-14.
6 -22.8/9.0 -20.3−4.5 -

-24.9/-12.
8 -22.9/-9.2 -21.2/-6.2 - -23.3/-9.9 -16.8/1.8 -12.5/9.5 -

Conventi
onal
Greenhou
se: 5.0/41.0 6.8/44.2 13.3/55.9 99.1 5.0/41.0 6.6/43.9 12.7/54.9 97.0 5.0/41.0 7.6/45.7 12.7/54.9 52.7

Conventi
onal
Insulated
Greenhou
se: 5.0/41.0 9.4/48.9 19.3/66.7 46.8 5.0/41.0 9.1/48.4 18.7/65.7 47.4 7.4/45.3 13.2/55.8 18.7/65.7 25.9

PSGH
with
Climate
Battery 10.0/50.0 12.6/54.7 16.9/62.4 8.0 10.5/50.9 12.7/54.9 16.4/61.5 6.47 12.3/54.1 15.1/59.2 17.8/64.0 0.35
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London,Ontario
London,Ontario is situated in theheart of theGreat Lakes region, andexperiencesa
humidcontinental climate (KoppenGeigerDfb) and fourdistinct seasons. London is
also locatedabout 170km (a2−hourdrive) fromLeamington,Ontario, knownas the
greenhousecapital ofNorthAmerica,whichboasts approximately 1500acresof land
beneathglazing.Winters are typically coldandsnowy,with the temperaturesdippingas
lowas -28°C/-18.4°F, albeit rarely, andhot andhumid summerwith highs reachingup
towards32°C/89.6°F,with someexceptional instancesofexceeding35°C/95.0°F. The
outdoorgrowing season in London typically spans fromweek20or 21 toweek41,
o�eringamuchmoregenerous20−weekwindowofgrowing relative tobothCalgary
andKamloops.

The TMYused in thecaseof Londoncontained 105dayswhere theaverage temperature
wasbelow0°C/32°F, including 19dayswhere theaverage temperaturewasbelow
-10°C (14°F), but is thefirst of thecase studies thatdidnot haveanydayswhere the
average temperaturewasbelow-20°C (-4°F). Standarddeviationsof 2.6°C (4.7°F) and
7.7°C (13.9°F) for thedaily temperatures, andaveragedaily temperatures suggest that
Londonexhibits amore stabledaily temperature range, albeitwith variability in
day-to-day temperatures throughout themodellingperiod. Finally, London
experienced the second-highest insolation,with anaccumulatedvalueof403,828.1
Wh/m2.

According to the thermodynamicmodellingoutputof TRYNSYS, asdepicted in Figure9,
thePassiveSolarGreenhouseonceagain standsout from its conventional counterparts
formaintainingamoremoderate internal temperature regime; in thePSGH, there is a
visible concentration towardshigher valueswith regards to the temperaturedi�erence
between thegreenhouseandoutsideascompared to theconventional counterparts,
which furtherdisplay amuchgreater variability andextremes. Similar to thepreviously
exploredcase studiesofKamloopsandCalgary, thePSGHwithClimateBattery located
in Londonachieves verye�ectiveclimatemodulationwith lessenergy inputs,which is
exemplifiedby themeanday-to-day standarddeviationof 3.8°C (6.9°F) andoverall
standarddeviationof 7.7°C (13.9°F) in thePSGH, ascompared to theconventional and
insulatedconventional greenhouseswith aday-to-day standarddeviationof5.7°C
(10.3°F) and6.4°C (11.5°F), respectively, andanoverall standarddeviationof 11.6°C
(20.9°F) and 13.8°C (24.8°F), respectively.Ourprototypes indicate that thePassiveSolar
Greenhousemaintains consistent cropyieldsevenwith lower sunlight reception.
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Figure9. Comparative analysis ofGreenhouse Temperatures,Daily EnergyUse, and IncidentSolar
Radiation forVaryingDesigns in London,ON

Similar to thepatterns in thecase studiesofbothKamloopsandCalgary, the TRNSYS
output for Londonsuggests that theconventional-stylegreenhouseshavepronounced
usagewhencompared to thePassiveSolarGreenhouse, particularly oncolderdays
(Figure 10). Thatbeing said, themodel outputwould suggest thatwith theheaterbeing
turnedon foronly 11 daysandusingonly 20.7 kWhofenergyexpenditureover theentire
modellingperiod, thePassiveSolarGreenhouseusesunder 1%of theamountofenergy
that aconventional stylegreenhouseuses (2608.3 kWh, switchedon for 142di�erent
days), and is 98%moree�cient than theconventional stylegreenhouseequippedwith
insulation,whichused 1305.6 kWhduring itsoperation for 122days.

Whenconsidering theperformancesof thedi�erentgreenhouseson thecoldestday
containedwithin the TMYfile for London,whichwascharacterizedbyaminimum
temperatureof -20.5°C (-4.6°F) (meanof -9.7°C(14.5°F),maximumof -3.3°C(26.1°F)),
theabovee�ciencies are further exemplified. Amodelledenergyexpenditureof 32.3
kWh in theconventional greenhousewasable tocreateamean temperatureover the
courseof thedayof8.0°C(46.4°F), andamaximumof 12.4°C(54.3°F), but the
temperaturewasmodelled todip to5.0°C(41.0°F). In the insulatedconventional
greenhouse, amodelledenergyexpenditureof 17.0 kWhkept thegreenhouseat a
mean temperatureof 12.4°C (54.3°F) (minimumof8.1°C (46.6°F),maximumof 16.7°C
(62.1°F)). In comparison, thepassive solar greenhouseequippedwith aClimateBattery,
amodelledminimumtemperatureof 13.4°C (56.1°F), amean temperatureof 15.5°C
(59.9°F), andamaximumtemperatureof 17.5°C (63.5°F)wereachievedwith0kWh.
Pleasenote thatwhile thisday reached thecoldestminimumtemperature in the TMY,
therewasa significant increase in temperatures in theday,which led to thePSGHnot
needing to turn heaterson,which is not thecase forother colddays. Please refer to the
detailedcomparisonsofeachmodel’sperformanceduring the threecoldestdays,
available in Table5.
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Theabovedataandsubsequent analysis of themodellingoutput fromTRNSYS for
London,Ontario (not toodistant fromthegreenhousecapital ofNorthAmerica),
reinforces theargument that a shift towardsmore sustainable andenergy-e�cient
agricultural practices iswellwithin reach.
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Figure 10.ComparativeAnalysis of Thermal PerformanceandHeatingEnergyExpenditure inDi�erent
Greenhouses in London,ON
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Table5.ComparativePerformanceAnalysis ofGreenhouseDesignStrategiesonColdestDays in London,ON

Day: Day356 Day 10 Day355

Metric:
Min Temp
(°C/°F)

Mean
Temp
(°C/°F)

Max Temp
(°C/°F)

Energy
Expenditu
re (kWh)

Min Temp
(°C/°F)

Mean
Temp
(°C/°F)

Max Temp
(°C/°F)

Energy
Expenditu
re (kWh)

Min Temp
(°C/°F)

Mean
Temp
(°C/°F)

Max Temp
(°C/°F)

Energy
Expenditu
re (kWh)

Outside/A
mbient:

-20.5/-4.
9 -9.7/14.5 -3.3/26.1 -

-20.0/-4.
0 -16.3/2.7 -12.2/10.0 -

-20.0/-4.
0 -15.9/3.4 -12.8/9.0 -

Conventi
onal
Greenhou
se: 5.0/41.0 8.0/46.4 32.3/90.1 32.3 5.0/41.0 13.4/56.1 30.7/87.3 75.0 5.0/41.0 14.6/58.3 33.9/93.0 63.0

Conventi
onal
Insulated
Greenhou
se: 8.1/46.6 12.0/53.6 16.7/62.1 17.0 5.0/41.0 16.7/62.1 37.5/99.5 52.3 5.0/41.0 18.1/64.6

41.0/105.
8 42.1

PSGH
with
Climate
Battery 13.7/56.7 15.5/59.9 17.5/63.5 0.0 8.0/46.4 15.6/60.1 28.7/83.7 9.1 10.0/50.0 17.8/64.0 31.1/88.0 2.1

27



Boulder,Colorado
Positioned in the shadowsof theRockyMountains anddrivingdistance fromthehubof
agricultural innovationandgreenhousedesign that isDenver, Boulder,Colorado, canbe
characterizedashavinga semi-aridclimatewithclear, definedseasons. According to
theKoppenGeiger classification, Boulder is in theBSk zone,which representscoldand
semi-arid locations. Boulder experiencesawide rangeof temperatures in thewinter,
ranging fromminimumsof approximately -24°C (-11.2°F) to theoddoccasionwhereby
temperaturesexceed20°C (68°F). In the summertime, the rangeof variability is
dampened,with the rareoccurrencesof40°C (104°F) beingmeasured, andminimums
generally hoveringbetween the 12°C (53.6°F) and 16°C (60.8°F)mark. Thegrowing
seasonoutofdoorsgenerally begins aroundweek20of theyear. It concludesaround
week40or41, o�eringa longer cultivationwindow thanbothCalgary andKamloops,
butonparwith London.

Themodelled temperatureswithin the TMY forBoulder contained55dayswhere the
mean temperatureof thedaywas less than0°C (32°F), 12dayswhere themean
temperaturewasbelow-10°C (14°F) and0dayswhere theaverage temperaturewas
below-20°C (-4°F). In termsof temperature variability, a standarddeviationof 7.2°C
(13.0°F) for theaveragedaily temperatures suggests that there isquite abit of variability
in temperatures fromday today, andevenwith a standarddeviationof4.5°C (8.1°F) for
thedaily temperatures suggests a lotof variation in anygivenday. Lastly, Boulder
received themostmodelled insolationof anygiven location in the seriesof case
studies,with acumulative insolationof564,248.7Wh/m2.

InBoulder’s case, asdemonstratedby the TRNSYS thermodynamic simulations in Figure
11, thePassiveSolarGreenhouseequippedwith aClimateBatterydistinctlymaintains a
steadier internal temperature than traditional greenhousemodels. Lower levelsof
sunlight in thePassiveSolarGreenhousedonot significantly impact yields, as
evidencedby the immensegrowthachieved inourprototypegreenhouses. Thekey
highlight in thecaseofBoulder is however theexpenditureofenergy. As seen in Figure
11, there is a veryclear concentrationofpoints centredaround0kWh for thedaily
energyexpenditure in thePassiveSolarGreenhouse, as TRNSYSmodelled thatwith this
particular design, theheaterwouldbe turnedona total of zero times.
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Figure 11.Comparative analysis ofGreenhouse Temperatures,Daily EnergyUse, and IncidentSolar
Radiation forVaryingDesigns inBoulder,CO

ReflectingonFigure 12, a similar trendcanbeobserved in relation to thecase studiesof
Kamloops,Calgary, andLondon,presentedabove,butperhaps toamoreamplified
extentgivenBoulder’s climate. Asmentionedearlier, thedata indicates that thePSGH’s
heaterswere turnedon for zerodays, andasa result, used0kWh throughout the
modelling timeframe.As for theothergreenhousedesigns, in theconventional style
greenhouse, theheater first turnedononday280, andhad its lastday runningonday
88, representinga spanof 173days (butwasonlyon for 131days, or 75%), andused942.2
kWh (theequivalentof runninga refrigerator for 2.5 years).Within the insulated
conventional greenhouse, heater usagecommencedonday310, andceasedonday
82, representinga spanof 137days,whereby theheaterwason56%ofdays (77days),
anduseda total of 310.6 kWh.

DuringBoulder’smost frigiddayon record in the TMYdata (day6), temperaturesdipped
to -23.3°C (-9.9°F) (with ameanof -15.4°C (4.3°F) andamaximumof -6.2°C (20.8°F)). In
theconventional stylegreenhouse, 29 kWhwas required tomaintain anaverage
temperatureof 19.8°C (67.6°F) (minimumof5.1°C (41.2°F);maximumof39.4°C (102.9°F)).
Meanwhile, the insulatedconventional greenhouseexpended 13.89kWh,which
achievedanaverage temperatureof 30.5°C (86.9°F), aminimumof 14.7°C (58.5°F), and
amaximumof51.4°C (124.5°F) (althoughasmentionedearlier, it is fair to assume that
ventilationwouldhavecapped thismaximumat40°C). Finally,with noenergy
expenditure, thepassive solar greenhousewithClimateBattery technologyachieved
anaverage inside temperatureof 22.3°C (72.1°F), aminimumtemperatureof 19.4°C
(66.9°F), andamaximumtemperatureof 30.2°C (86.4°F). Furtherdetails and
comparisons for the threecoldestdaysaredelineated in Table6.

Theaboveanalysis showcases theclearbenefitsof adoptingamoree�cient approach
toagriculture through thedesignand implementationof appropriate technologies,
especially in areasnear keyagricultural hubs. This approachnotonly enhances the
resilienceof farming systems,but alsocontributes to thebroadergoal of creatinga
more regenerativeand food-secure future.
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Figure 12.ComparativeAnalysis of Thermal PerformanceandHeatingEnergyExpenditure inDi�erent
Greenhouses inBoulder,CO.
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Table6.ComparativePerformanceAnalysis ofGreenhouseDesignStrategiesonColdestDays inBoulder,CO

Day: Day6 Day346 Day8

Metric:
Min Temp
(°C/°F)

Mean
Temp
(°C/°F)

Max Temp
(°C/°F)

Energy
Expenditu
re (kWh)

Min Temp
(°C/°F)

Mean
Temp
(°C/°F)

Max Temp
(°C/°F)

Energy
Expenditu
re (kWh)

Min Temp
(°C/°F)

Mean
Temp
(°C/°F)

Max Temp
(°C/°F)

Energy
Expenditu
re (kWh)

Outside/A
mbient: -23.3/-9.9 -15.4/4.3 -6.2/20.8 - -21.0/-5.8 -13.1/8.4 -3.9/25.0 - -20.6/-5.1 -15.1/4.8 -7.3/18.9 -

Conventi
onal
Greenhou
se: 5.1/41.2 19.8/67.6

39.4/102.
9 29.0 5.0/41.0 16.4/61.5 35.7/96.3 31.6 7.7/45.9 21.2/70.2

40.2/104.
4 26.6

Conventi
onal
Insulated
Greenhou
se: 14.7/58.5 30.5/86.9 51.4/124.5 13.9 11.5/52.7 25.1/77.2 45.4/113.7 15.9 17.7/63.9 32.1/89.8 52.1/125.8 11.1

PSGH
with
Climate
Battery 16.9/62.4 24.0/75.2 36.4/97.5 0.0 17.9/64.2 24.5/76.1 36.3/97.3 0.0 17.9/64.2 24.5/76.1 36.3/97.3 0.0
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Conclusion
In conclusion, our in-depthexplorationof the5WPassiveSolarGreenhousesequipped
with aClimateBattery across various locationsexemplifies their performance in
creatinga resilient andantifragile space ineven someof theharshest environments in
theworld. Theanalysis, conductedon theoutputof TRNSYS, aflexible software
environment used to simulate thebehaviourofdynamicand transient systems,
demonstrates thepivotal role that theClimateBattery systemplays in thedesignof
energy-e�cientgreenhousedesign. Threegreenhousedesigns (conventional style,
conventional stylewith an insulatednorthwall, andaPassiveSolarGreenhousewith
ClimateBattery)were input into TRNSYS in4di�erent locationsKamloops (British
Columbia),Calgary (Alberta); London (Ontario), andBoulder (Colorado).

Our findingshighlightboth theadaptability ande�ectivenessofPassiveSolar
Greenhousesequippedwith aClimateBattery in varyingclimatic conditions, revealing
significantbenefits in termsofenergy savings, carbon footprint reduction, andoverall
thermal comfort. In all locationsexplored, themodel output suggests that thePassive
SolarGreenhouseequippedwith aClimateBatterypresents itself as an
energy-e�cient alternativewhencompared to its conventional counterparts. In all
areasexplored, thePassiveSolarGreenhousewasmodelled toutilize twoordersof
magnitude lessenergy in comparison tobothconventional-stylegreenhouses, and
conventional-stylegreenhouseswith an insulatednorthwall.Onaverage,betweenall
locationsconsidered, thePSGHexpended 1.2%of theenergy than theconventional
stylegreenhouse, and2.3%of theenergyusedby theconventional greenhouse.

Table 7.ComparativeEnergyE�ciencyofPSGHvs.Conventional and InsulatedConventionalGreenhouses
Across Locations

Location
EnergyExpenditure (kWh)

Conventional Insulated
Conventional

PSGH

Kamloops 2126.1 1228.9 39.4

Calgary 3293.2 1534.5 70

London 2608.3 1305.6 20.7

Boulder 942 310 0

Table 7 illustrates the significant energy savingsand reduced footprint thatPSGHwith
ClimateBattery technologyo�ers, evenacross a rangeofclimatic conditions. The
abovefindingsaselucidatedbyTRNSYSdon’t justbolster thecase for aPassiveSolar
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Greenhouseasapivotal solution for societiesenergychallenges (especially those in
colder climates), but alsohighlights itspotential to serveasa regenerative investment.

NextSteps inResearch
At5thWorld,wearecommitted todelivering state-of-the-art PassiveSolar
Greenhouse technologies, continuously enhancing their e�ciency, andadaptability to
diverseclimates. Recognizing thecritical roleof accuratedataandadvancedmodelling
in achieving thesegoals,wearededicated to further refiningboth the TRNSYSmodel
andourdesigns. This endeavour aims to identify thedesignprinciples that aremost
e�ectiveunder variousenvironmental conditions, ensuring thatwecano�er tailored
solutions thatmaximize value for specific locations andclimates. To that end,wewill be
directingour researche�orts to further study the following:

● Configuringourgreenhouseswith sensors:weplan toequipa select fewofour
greenhouseswith sensors tocollect real-timeobservational dataon
temperature (air andsoil), humidity, photosynthetically active radiation, and
more. Thesedatawill notonly validateour TRNSYSsimulationsbut alsoprovide
invaluable insights into thebehaviourofourgreenhouses, allowing for calibration
and improvementofourmodels.

● Understandingventilation, humidity, andheat stackinge�ects: in someways,
theseare someblind spotswithin the TRNSYSmodel. Byconfiguringour
greenhouseswith sensors,wewill beable to receive feedbackandoptimizeour
designs forbetter ventilation, reducingcondensation, andensuringuniform
temperaturedistributions.

● Studyunderextremeconditions: bycreatinganew input file for TRNSYS,weaim
toconduct thermodynamicmodellingunder themostextremeconditions.

All of these studieswill informandoptimizeour futuregreenhousedesigns, ensuring
that theyaremore resilient, e�cient, productive, andcomfortable. Bycontinuously
refiningourmodels anddesignsbasedonempirical data andadvancedsimulations,we
are settingnewstandards for the industry andhelpingour clients achieve success in
their agricultural and resiliency-mindedendeavours.
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AMoreDelicious andNutritiousPortfolio:Custom
Greenhouses Tailored toYourVision
In our journey towardsbridgingancientwisdomwithmodern innovation,we’ve
showcased the transformativepotential of 5thWorldsPassiveSolarGreenhouses
equippedwithClimateBattery technology. This technologynotonly alignswith the
cooperativenatureofour ancestorsbut alsoaddressescontemporaryenvironmental
andenergychallenges. Thatbeing said,we’re not justdesigningandconstructing
greenhouses forour clients –we’recraftingminiatureecosystems that extendbeyond
agriculture toenhanceyourqualityof life. EachPSGH,customizable to its environment,
canoptionally include features suchashot tubs, games rooms, rainwater harvesting
systems, and intimatehang-out areas,where youcan sit downandenjoy your
home-grownfigsandbananaswhile it’s freezing justoutside.

Asweconclude thiswhitepaper,we invite you toexplore thepossibilities that 5th
World’s PassiveSolarGreenhousesprovide. If youare interested in learningmoreabout
cultivatinganopportunity fordialogue, innovation, andcollaboration tomakeyour
greenhousedreamscome true, thenpleasebooka freediscoverycall with amemberof
our team.We’dbemore thanhappy tohelp youcreatea legacyof resilience, e�ciency,
andharmonywith nature, all bolsteredbyour commitment to scientificexcellenceand
innovation.
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Appendix 1: Natural Processes
Thenatural processes that arebeingutilized inpassive solar designare:

● Convection
○ FromtheLatinword “convehere”meaning “tocarry together”, convection

refers to the transportationof heatenergyandmass via turbulent eddies
in liquids andgases. Themovement arisesdue todi�erences in fluid
density,whichcanbe inducedeither naturally (freeconvection), or
mechanically (forcedconvection).

■ Freeconvection is inducedwhenafluidparcel (air or liquid) is less
dense than the surroundingfluid (generally as a result ofbeing
heated) and thus rises.Onecanobserve thisphenomenaona
sunnyday,when the sun’s rays heat theground, and theair directly
above it heats up,becomes lessdense, and rises, resulting in the
establishmentof aconvectioncurrent.

■ Forcedconvection ismechanically induced, typically by fansor
pumps. In thecontextofgreenhouses, fans areoftenused todrive
air fromonearea toanother tocreateairmovementwhichcan
reduce thepotential for fungal pests tobecomeestablished.

● Conduction
○ Stemming fromtheLatinword ‘conducere’meaning ‘to leadorbring

together’, conduction is theprocess throughwhichheat is transferred
frommolecule tomoleculewithin a solidmaterial or betweensolid
materials indirect contact.Hereare thekeyaspectsof conduction:

■ Material Properties: di�erentmaterials have varying ratesbywhich
theyconduct heat, also knownas thermal conductivity. For
example,metals areexcellent conductorsof heat,whilematerials
suchaswood, strawbales, or rubber resist themovementof heat,
e�ectively classifying themas insulators.

■ Degreeofcontact: becauseconductionoccurs in solidmaterials,
conductionoccurswhenmaterials are indirect contact.

■ Temperaturegradient: the rateof conduction isproportional to the
temperaturedi�erencebetween twoendsof amedium.Agreater
temperaturedi�erence results in amore rapidheat transfer.

■ Cross-sectional areaanddistance: the total amountof heat
transferred is influencedby the sizeof theconductingmedium’s
cross sectional area,which is further influencedby the
length/thicknessof thematerials.

● Radiation
○ Coming fromtheLatinword “radiare”,meaning to “emit raysorwaves”,

radiation is theemissionandpropagationofenergy throughspaceor a
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medium in the formofelectromagneticwaves.Hereare somekey facets
of radiation:

■ Longwave radiation vs. shortwave radiation: The sunprimarily emits
shortwave radiation,which includes visible light.When this
radiation is absorbedbyobjects, they re-emit it as longwaveor
infrared radiation, also knownasheat.

■ Albedo: the rateatwhich theamountof sunlight is reflectedbya
surface is calledalbedo.Surfaceswith ahighalbedowill reflect
mostof the incomingshortwave radiation, suchas snowor shiny
metals,whereas surfaceswith lowalbedo, suchasblackwalls or
darkexposedsoilwill absorbmore sunlight, and thenconvert it to
heat.
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Appendix 2: Anatomyof aPassiveSolar
Greenhouse
Expandedexplanationof thearchitectural elementsof importance inPassiveSolar
Greenhousedesign:

Architectural Element Purpose Mechanism

Aperture Component through
which sunlight enters a
structure –essentially
the ‘window’ for the
sun.

InPassiveSolarGreenhouses,
polycarbonateglazing
captures andmaximizes the
inflowof sunlight. In adwelling,
the inflowof sunlight is
maximized in thewintermonths
bywindowson the south side
of thebuilding (northern
hemisphere), andminimized in
the summermonthsbyan
overhang.

Collector Directly takes in the
sunlight streaming
through theaperture

A lowalbedosurface that
readily absorbs sunlight and
converts it to heat. The
positioningandcolourof the
absorber arecrucial for
e�ectiveheat absorption.

ThermalMass Materials that can
captureandstoreheat

Materialswithgood thermal
massproperties storeheat for
prolongedperiods, releasing it
slowly andconsistently, thus
modulatingextremediurnal
temperaturechanges.

Distribution Todistribute theheat
generatedby the
collector

Generally achieved through
freeconvection,where the
designof the spaceallows for
warmair tocirculate. Fansand
ventscanbeadded for added
e�ciency.
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Control To regulate theamount
of sunlight and /or heat
that is permitted to stay
in the structural system

Achievedby insulation, shading
devices, thermostatically
controlled
vents/windows/doors, or other
mechanisms that adjustbased
on the timeofday, season, or
interior temperature.

40




