AIRBOURNE THERMAL SURVEYS –SOME DRAWBACKS

Having viewed the Warmer Worcestershire thermal map, here are some words of caution  I have been aware of since the late 1970s:
1] It only covers roofs. 75% of energy, on average, is lost through walls, floors etc. and not seen. 
2] The internal temperature is not known. Unoccupied buildings will not be heated, appear as cool and so be rated very good.
3] Averaging the temperature then colourising the whole building means hot chimneys from wood burners etc falsely raise the interpreted roof temp to give a poor rating.[Gas boilers with wall  flues are not seen ]
4] Similarly low occupancy dwellings with only one bedroom heated [e.g. pensioner cutting costs] appear cooler so resulting in good rating.   
5] Many industrial buildings are unoccupied after 5 pm and so cool down by 10 pm. 

6] Most buildings are ventilated pitched roofed with insulation on the loft joists [floor]. Heat coming through this warms air in the loft that mostly escapes through gaps to the outside with little heating of the tiles/slates. So the roof is cool and gets a good rating. A neighbouring house with rafter insulation or more so a dormer roof loft conversion will appear warmer and so attain a worse rating when being the lower energy loss roof.
7] Even light wind can blow under windward slates and tiles tending to hold them at air temperature.
8] Large mass roofs [e.g. flat concrete] will retain their daytime temp into the night appear warm and also get a poor rating.

9] Temperature measurement issues [Radiometry].

Airborne thermal cameras measure the radiation from the roof not the temperature directly. This is a complex topic and cannot be fully covered here but I will try to simplify.
All surfaces emit radiation proportional to their absolute temperature. For 20 degrees C [293 degrees A] this peaks in the far infrared [8-14 micron] band where thermal cameras ‘see’. However surfaces also have an emission factor [E]. A truly ‘Black Body’ has an Emissivity of 1 but generally the more shinny the surface the less emission. Slates are more shinny than tiles. They emit less so appear less warm.
More importantly surfaces with less than 1 also reflect[R] radiation that lands upon them [R=1-E.]. As this survey was done on clear winter nights, when maximum radiative cooling occurs, the sky equivalent temperature appears as very cold- approx minus 30 degrees C. Therefore a small surface reflectivity will reflect the sky and so appear cooler – even much cooler than the ambient air! As reflectivity is somewhat directional the slope angle of the roof influences what is reflected. It may be a close tall building, trees, the hills, and the horizon. Hence roofs of different slope [and viewing angles] can appear to be of different temperature. 
Reflection coefficients in the 8-14 micron band for building materials at 20 degrees C are hard to find and somewhat unreliable. Therefore recently I have measured several common roofing materials.
       Tiles, bitumen felt, epmd, concrete, bricks and painted materials reflect only about 5%

       Clean Slates reflect 20% in a semi diffuse manner, 
       Glass [skylights, old conservatories, solar panels] reflects 20% very specularly [mirror like]. 
       Gravel /pea ballast used on flat roofs can reflect 20%.plus
       Polycarbonate in newer conservatories reflects 10% quite specularly.
       Galvanised sheets [tin roofs] reflect 80% very specularly. Rusty patches reflect5%.
       Lead [older roofs, churches etc] reflects 35%in a mottled manner depending on flatness
Dew and frost on cold reflective roofs lowers reflection to 5% so they appear warmer than the actually hotter roof next door that is above the dew point.
Lichen and moss also reduce reflection. 
These lab measurements have been verified on 15th July by laying the samples to face a summer night clear sky [25 degrees C below air temp] and viewing them with a thermal camera. The slate for example appeared as 10 degree C when it was actually 15 [air temp].
Carrying out the survey with full low cloud cover reduces the reflection problem as warm clouds near to the ambient temperature are reflected. Unfortunately full cloud cuts the evening cooling so the weather is warmer, hence less energy loss and so harder to see .Also this thermal cavity effect means unoccupied houses and geographical features roads etc can disappear so reducing reference points for the Ordinance Survey alignment. Also with winter clouds it most likely will rain which tends to wash out temperature differences. Cloud base must be above the survey height. However clouds cool with height [Cirrus are ice crystals] so reflection becomes a problem anyway. Therefore surveys are rarely done under cloud and clear sky surveys look more impressive to the client.
Despite all the above, these Thermal Geographic Information System integrated surveys do give some useful data if correctly interpreted. Most importantly the surrounding publicity does raise energy awareness. For a cost of £15,000 to cover a city of 184,000 [Luton] and £93,000 for a county [Worcestershire] it can be argued as a good investment.

However among thermographers there is controversy [ref 1] and many are unhappy the drawbacks are not fully explained to the client. Indeed what are the temperature differences allocated to the colour scale and is there any attempt to correct for reflections, emissivity and differing weather conditions across the surveyed area? The public receives even less information [as in the Warmer Worcestershire web site] and large numbers of apparent errors could disenchant them. Having checked several buildings I have knowledge of, few are correctly rated. This is backed up by a recent comprehensive analysis of an aerial survey of Nottingham [ref 2] which concluded insulation of ventilated roofs could not be determined by these surveys.  
Nevertheless I believe if the source thermal images were made available [with time, date and weather] householders, with the knowledge in this note, could interpret more information. For examples of airborne images go to www.bluesky-world.com and www.hortonlevi.co.uk. Any buildings identified for remedial work will require an on site survey also. 
The most accurate method of using Thermal Imaging is to survey, on a cold calm day, a fully heated up building from the inside looking for cool areas and ideally in combination with a pressure test to visualise cold drafts. However this requires the occupant’s cooperation and takes time.
Many of the airborne problems also apply to drive by surveys as done by some large insulation companies –but that’s another story. Incidentally the technique is excellent at detecting marijuana hot houses as discovered in the USA during the 80’s. No doubt the West Mercia Constabulary will take a look at the raw airborne thermal images to see these super warm sites.
I should point out Thermal Imaging was pioneered, and continues to be developed, at Malvern.
Brian Harper    10th August 09     Transition Malvern Hills - Energy Group Member

Ref   1]  www.irtalk.com/forums/  [search ‘heat loss of a city’, open first comment, click on view full thread]
2]  Evaluation of Aerial Thermography to Discriminate Loft Insulation in Residential Housing. David         Allison, University of Nottingham. PhD thesis.  Pages 161 and 162 are the conclusions. 
Post Script -Since writing this note I have pondered not posting it as I do not wish to discourage the insulating of our poor housing stock. However the science and engineering has to see the light of day so the best can be made of the gathered data and the public awareness aspect of the program be pushed forward with adequate caveats.  

