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Agenda

1. Fundamentals in heat transfer

2. Impact of the outdoor environment on the indoor of buildings

3. Mitigation strategies through passive design
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What are the important notions of heat transfer
in building science?
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Heat transfer
= rate at which energy is transferred from one hot body to a cold one

𝑇𝐻𝑂𝑇 (in oC or K) 𝑇𝐶𝑂𝐿𝐷 (in oC or K)

Heat transfer (𝑄)
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𝑄 = 
𝑇𝐻𝑂𝑇 − 𝑇𝐶𝑂𝐿𝐷

Obstacle (or resistance 𝑅)

Gas Liquid Solid

𝑅
(in J/s or W)
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Heat flux

𝑞 = 𝑄/𝐴 (in W/m2)

Surface area (𝐴)
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Conduction
= heat transferred through a solid

Outdoor Indoor

Wall

Thickness (𝑑)

Thermal conductivity (𝑘)

𝑞𝑐𝑜𝑛𝑑 = ⋅ (𝑇𝐻𝑂𝑇 − 𝑇𝐶𝑂𝐿𝐷)
𝑑

𝑘
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Convection

Natural convection (ℎ𝑛)

Forced 
convection (ℎ𝑓)

Wind

𝑞𝑐𝑜𝑛𝑣 = ⋅ (𝑇𝐻𝑂𝑇 − 𝑇𝐶𝑂𝐿𝐷)(ℎ𝑓 + ℎ𝑛)

Convective heat transfer 
coefficient (ℎ)

= heat transferred between a solid surface and a gas or liquid
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Radiation

𝑇𝐻𝑂𝑇 𝑇𝐶𝑂𝐿𝐷

Heat transfer (𝑄𝑟𝑎𝑑
𝐻𝑂𝑇)

Heat transfer (𝑄𝑟𝑎𝑑
𝐶𝑂𝐿𝐷)

𝑄𝑟𝑎𝑑
𝑛𝑒𝑡 = 𝑄𝑟𝑎𝑑

𝐻𝑂𝑇 − 𝑄𝑟𝑎𝑑
𝐶𝑂𝐿𝐷

Obstacle (absorb, transmit, or reflect)

Gas Transparent
solid

𝑞𝑟𝑎𝑑 = 𝜎 ⋅ 𝑇4

Black body

Emissivity (𝜀 = 𝑞𝑟𝑎𝑑/(𝜎 ⋅ 𝑇4))

𝜀 ⋅



10

Heat transfer by radiation

Outdoor Indoor

Air Glass Air

Absorbed (𝛼)

Transmitted (𝜏)

Reflected (𝜌)

𝜏 = 1 − 𝛼 − 𝜌
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Shortwave and longwave radiation

Sun Tree Building Humans
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Incident shortwave radiation

𝐾𝑑𝑖𝑟

𝐾𝑑𝑖𝑓

𝐾𝑟𝑒𝑓

𝑞𝑠𝑜𝑙

𝑞𝑠𝑜𝑙 =

𝜃

1 − cos 𝜃 𝐾𝑑𝑖𝑟 + 𝐹𝑠𝑘𝑦𝐾𝑑𝑖𝑟

+ 𝐾𝑟𝑒𝑓

Sky view factor
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Sky view factor
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How is heat transferred into a building?
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Heat transfer through walls or roofs

Outdoor Indoor

Air

Sun

Convection

Air
ConvectionConduction
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Heat balance

Thermodynamic
system (Δ𝑄𝑠𝑡𝑜𝑟𝑒𝑑)

𝑄𝑖𝑛 𝑄𝑜𝑢𝑡

𝑄𝑔𝑒𝑛

Surrounding
Δ𝑄𝑠𝑡𝑜𝑟𝑒𝑑 = 𝑄𝑔𝑒𝑛 + 𝑄𝑖𝑛 − 𝑄𝑜𝑢𝑡
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Outdoor heat balance

Outdoor Indoor

Air

Sun

Convection

Air
ConvectionConduction𝑇𝑤𝑎𝑙𝑙
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Indoor heat balance

Outdoor Indoor

Air

Sun

Convection

Air
ConvectionConduction

𝑇𝑤𝑎𝑙𝑙
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Heat transfer through windows

Solar Heat Gain 
Coefficient 
(SHGC)



20

Infiltration
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Natural ventilation

Fresh air from 
outside

Hot air from 
inside
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How do some passive design strategies work?
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Insulated wall

Bricks

Concrete

Wood

Insulation

Reduction of heat 
penetration or loss
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Low-e glass

Double glazed Low-e glass
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Cool roof
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Green roof
Evapotranspiration
(Cooling effect)
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Retro-reflective facades
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