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Passive Solar Heating Passive Solar Heating 
Project AnalysisProject Analysis

Passive Solar Heating on Residence, France
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ObjectivesObjectives

•• Review basics of Review basics of 
Passive Solar Heating (PSH) systemsPassive Solar Heating (PSH) systems

•• Illustrate key considerations forIllustrate key considerations for
PSH project analysisPSH project analysis

•• IntroduceIntroduce RETScreenRETScreen®® PSH Project ModelPSH Project Model
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•• 20 to 50% of space heating 20 to 50% of space heating 
requirementsrequirements

…but also…

Improved comfort

Better daylight

Can reduce cooling costs

Reduced window condensation

Can permit smaller 
heating/cooling plant

What does PSH provide?What does PSH provide?

Photo Credit: Fraunhofer ISE (from Siemens Research 
and Innovation Website)

Passive Solar Heating Designed on
Residential Building, Germany

The NREL Building in Golden, Colorado

Photo Credit: Warren Gretz (NREL Pix)
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Principles of Operation of PSHPrinciples of Operation of PSH

Conventional

Summer Winter

Shading
Devices

Advanced
Windows

Thermal Mass

PSH
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Advanced Window TechnologiesAdvanced Window Technologies

•• Double and triple glazedDouble and triple glazed
•• Low emissivityLow emissivity
•• Inert gas fillInert gas fill

•• InsulativeInsulative spacersspacers
•• Insulated frames, Insulated frames, 

thermal breakthermal break

FrameFrameSpacerSpacerFillFilleePanesPanes

AluminumAluminum----0.80.811

AluminumAluminumAluminAlumin..AirAir0.80.822

WoodWoodAluminAlumin..AirAir0.80.822

WoodWoodInsulInsul..InertInert0.10.122

WoodWoodAluminAlumin..AirAir0.80.833

WoodWoodInsulInsul..InertInert0.10.133

0 2 4 6 8

U-value (W/(m2ºC))

0 0.2 0.4 0.6 0.8

Solar Heat Gain Coeff.

Center 
of glass

Whole 
window
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Shading and Thermal MassShading and Thermal Mass

•• Shading prevents overheating in summerShading prevents overheating in summer

Overhangs on equator-facing exposure for when sun is high

Deciduous trees, nearby buildings and structures

Screens, shutters, awnings, recessed windows, blinds, etc.

•• Thermal mass stores heat, minimizing temperature swingsThermal mass stores heat, minimizing temperature swings

If equator-facing window area exceeds 8 to 10% of heated floor area, 
traditional light-weight construction house will overheat

Use double gyproc walls, ceilings, ceramic floors, brick fireplace, etc.

•• Active systems can be used to distribute heat through buildingActive systems can be used to distribute heat through building
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Solar Resource vs. Solar Resource vs. 
Requirement for Space HeatingRequirement for Space Heating
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Months with average temperature less than or equal              Months with average temperature less than or equal              
to 10ºC are shadedto 10ºC are shaded
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Example of PSH Costs & SavingsExample of PSH Costs & Savings

0 100 200 300
Window+install cost ($/m2)

Double glazed
+low e
+argon
+insulated spacer
+3rd glazing

•• Additional window Additional window costscosts
5 to 35%5 to 35%

$400 to $2,000 per$400 to $2,000 per
househouse

•• SavingsSavings of 20 to 50% of space heating costsof 20 to 50% of space heating costs
GasGas $0.25/m$0.25/m33 $150 to $380 per year$150 to $380 per year

OilOil $0.35/l$0.35/l $210 to $520 per year$210 to $520 per year

ElectricityElectricity $0.06/kWh$0.06/kWh $270 to $680 per year$270 to $680 per year

Canadian Single Family DwellingCanadian Single Family Dwelling
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Passive Solar Heating Project Passive Solar Heating Project 
ConsiderationsConsiderations

•• New construction most costNew construction most cost--effectiveeffective

Freedom to orient windows to face equator and avoid west

Heating system size and perimeter heating can be reduced

•• Retrofit costRetrofit cost--effective if windows being replaced anywayseffective if windows being replaced anyways

•• Most costMost cost--effective where heating load high compared to cooling loadeffective where heating load high compared to cooling load

Low rise residential in moderate to cold climates are best

Commercial and industrial buildings have high internal gains

•• Consider windows in conjunction with rest of envelopeConsider windows in conjunction with rest of envelope
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Examples: Canada and USAExamples: Canada and USA

Low Energy BuildingsLow Energy Buildings

•• Passive solar techniques incorporated into conventionalPassive solar techniques incorporated into conventional--
looking buildingslooking buildings

•• Financial considerations not always paramount: comfort, Financial considerations not always paramount: comfort, 
sound abatement, appreciation of quality, and environmentsound abatement, appreciation of quality, and environment

Photo Credit: Hickory Corporation (NREL Pix)

Waterloo Green Home, Ontario, CanadaGood Shading and Advanced Windows, USA

Photo Credit: Waterloo Green Home
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Examples: Germany and LesothoExamples: Germany and Lesotho

SelfSelf--sufficient Solar Housessufficient Solar Houses

•• More glazing, more thermal mass, and control of air More glazing, more thermal mass, and control of air 
distributiondistribution

•• All space heating needs can be met by solar energyAll space heating needs can be met by solar energy

•• Advanced window technologies permit more flexible window Advanced window technologies permit more flexible window 
placement, heat gains from diffuse radiationplacement, heat gains from diffuse radiation

Photo Credit: Vadim Belotserkovsky Photo Credit: Fraunhofer ISE
(from Siemens Research and Innovation Website)

Solar Rondavel, Thaba-Tseka, Lesotho Freiburg, Solar Home
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RETScreenRETScreen®® Passive Solar Heating Passive Solar Heating 
Project ModelProject Model

•• WorldWorld--wide analysis of energy production (or savings), lifewide analysis of energy production (or savings), life--cycle costscycle costs
and greenhouse gas emissions reductionsand greenhouse gas emissions reductions

Low-rise residential and small commercial 
buildings

In a heating dominated climate

Window gains and losses 

Average effects of shading

•• Only 12 points of data for Only 12 points of data for 
RETScreenRETScreen®® vs. 8,760 forvs. 8,760 for
hourlyhourly simulation modelssimulation models

•• Currently not covered:Currently not covered:
Non-vertical windows 
Instantaneous effects of shading
User-specified building thermal mass
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See e-Textbook

Clean Energy Project Analysis:
RETScreen® Engineering and Cases

Passive Solar Heating Project Analysis Chapter

RETScreenRETScreen®®

PSH PSH Energy CalculationEnergy Calculation
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Example Validation of theExample Validation of the
RETScreenRETScreen®® PSH Project ModelPSH Project Model

•• RETScreenRETScreen®® compared with HOT2compared with HOT2--XP for a 200 mXP for a 200 m22 typical wood frame typical wood frame 
homehome

Double glazed windows upgraded to double glazed low-e with argon
RETScreen® to within 18% of HOT2-XP

•• RETScreen also compared to Energy Rating MethodRETScreen also compared to Energy Rating Method
Annual energy savings for 8 higher performance windows compared to base case 
double glazed windows
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ConclusionsConclusions

•• PSH involves building orientation, energy efficient windows, shaPSH involves building orientation, energy efficient windows, shading, ding, 
and thermal mass to reduce space heating costsand thermal mass to reduce space heating costs

•• Minimal additional investment in windows can greatly improve Minimal additional investment in windows can greatly improve 
performance of building envelope with long term financial benefiperformance of building envelope with long term financial benefitsts

•• RETScreenRETScreen®® calculates: calculates: 
Effect of window orientation, size, and technology on solar gains
Effect of window technology on heat losses
Effect of shading on cooling load

•• RETScreenRETScreen®® is an annual analysis with monthly resource calculation is an annual analysis with monthly resource calculation 
that can achieve accuracy comparablethat can achieve accuracy comparable to hourly simulation modelsto hourly simulation models

•• RETScreenRETScreen®® can provide significant preliminary feasibility study cost can provide significant preliminary feasibility study cost 
savingssavings
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QuestionQuestions?s?

Passive Solar Heating Project Analysis Module
RETScreen® International Clean Energy Project Analysis Course

www.www.retscreenretscreen.net.net
For further information please visit the RETScreen Website at


