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BeeWood project 
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Heat power estimation 
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wind 

Estimated output 

Heat power 
produced 

1) Estimate the colony heat power from in-hive temperature measurements 
2) Correlate heat power, thermoregulation  and colony health status (EFSA 2016) 
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Thermal model 
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𝑚𝑎𝑖𝑟𝐶𝑎𝑖𝑟
𝑑𝑇𝑚𝑖𝑑
𝑑𝑡

=

ℎ𝐿,𝑖𝑛𝑡  𝑆𝐿  𝑇𝐿(0, 𝑡) − 𝑇𝑚𝑖𝑑(𝑡)

+𝐺𝑚𝑖𝑑,𝑡𝑜𝑝𝑆 𝑇𝑡𝑜𝑝 − 𝑇𝑚𝑖𝑑
+𝐺𝑚𝑖𝑑,𝑏𝑜𝑡𝑆 𝑇𝑏𝑜𝑡 − 𝑇𝑚𝑖𝑑

 

Internal air temperature = 
 in - outcoming heat power 

Heat conduction through walls 
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Hive 
orientation 

Irradiance 
Position Solar radiation absorbed by the 

cover 
𝑚𝑐𝐶𝑐
𝑑𝑇𝑐
𝑑𝑡
= 𝜖𝑐𝐻𝑠 𝛼, 𝐷𝑠 𝑡 𝜙𝑠 𝑡 + ⋯ 
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Instrumented beehives 

Empty Colony 
inside 
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Methodology 

1. top T° 
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Populated hive model 
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Tframes(t) 

Q(t) 
A heat source Q(t) [W/m3] represents 
the thermal contribution of the bee 
colony 

Frames and their content are 
introduced as a single heat capacity 
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Instrumented beehives 

Empty Colony 
inside 

Methodology 

1. top T° 

2. bottom T° 

Measured inputs 
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Bottom 

Outside air 
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1) Estimate the colony heat power from these temperature differences 
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Building the empty beehive model: estimating solar irradiance 

Unknowns ? (conductivity, heat capacity, emissivity, convection coefficient, solar irradiance…) 

 
𝑱 𝜷 = 𝑻𝒎𝒐𝒅𝒆𝒍 𝜷, 𝒕 − 𝑻𝒎𝒆𝒂𝒔𝒖𝒓𝒆𝒔 𝒕

𝟐 Least sum of squares: 

Adjustments between 
measures and simulations 

Data 
Aug 2nd 2019 

95% scatter 
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Outside air  
temperature 

South-East 
South 

East 

ORIENTATION 

THICKNESS 
30mm (instead of 21) 

THERMAL INERTIA 
10kg of honey 

inside 

Results of empty beehive model: beehive parametric study 

Data 
Aug 1st 2019 
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Results over one day of measurements 

Results of populated beehive model 

A temperature change could be explained by   
in-hive variation of thermal capacity and/or colony heat power.  

0 kg honey 
+ Heat power 

5 kg honey 0 kg honey 

5 kg honey 
+ Heat power 

Simulations 
nearly identical 

Problem ! 

Mean = 7W  Mean = 5W  
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Conclusion 

• First results on empty hive model: 

Parametric study for possible beehive improvements ? 
1- What about improving thermal insulation of walls ? Of roof ? 
2- Effect of changing the geometry ? (square/rectangular/ tree hive) 
3- Orientation of beehive with respect to the sun ? 
4- Impact of entrance size ? 

    To better understand transient hive insulation under any climate 
 
• First results on populated hive model: 

1- The method is now implemented 
2- Use more and different measurements (scale) to separate heat capacity/power effect 
3- Validation needed (a controlled heater was built to simulate a colony) 

     To quantify heat power produced as indicator of colony health status 
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