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Before 2009, I am sure plenty of people could relate to 
the phrase “May you live in interesting times”. Of 
course, we all have our own interpretation of these 
words. My perspective is that upheaval and challenges in 
our lives are the substance of growth: personal, profes-
sional and spiritual. The postponement of the 1st IIR In-
ternational Cold Chain Conference is disappointing. 
However, it also highlights the importance of increasing 
public awareness on the significant role that refrigeration 
science and technology play in resolving some of our 
current toughest dilemmas. Namely,  climate change and 
food security. 
 
In the past months, I have been busy communicating this 
message across industry associations, Government bod-
ies and research organizations through submissions, 
presentations and general discussion in industry forums. 
The downside is that I have now less writing time. As a 
consequence, ‘Chain of Thought’ will now appear three 
times per year.  
 
This ’Chain of Thought’ issue is the follow up to the past 
article focusing on thermographic surveys. I carried out 
this work in collaboration with Thermoview, a company 
formed in 1986 that performs preventive maintenance 
through thermal imaging. FCI and Thermoview are 
working on the development of thermography as a tool 
to detect heat leakages and air infiltration in air-
conditioned buildings, cold stores and refrigerated con-
tainers and trucks. 
 
Please send your feedback to 
info@food-chain.com.au. Feel free 
to forward this newsletter to col-
leagues that may find it of interest.  
 
Happy reading, 
Silvia Estrada-Flores 
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Corrections 

One of my readers made the following three corrections 
to my previous article “Thermography as a tool to detect 
energy saving opportunities in cold chain equipment” : 

1) Although current performance standards for re-
frigerated equipment cite an insulation effective-
ness (i.e. kvalue) of 0.4 W m –2 K–1, modern refrig-
erated containers can present values as low as 
0.35 W m –2 K–1. 

2) Considering that trades are seasonal and that ISO 
reefer containers are usually run refrigerated one 
way only, the utilization rate I used in my exam-
ple of yearly energy calculation (260 days per 
year) is above the rates experienced in the trade. It 
was suggested that a basis of 150 days per annum 
would be closer to the mark, although a represen-
tative of an Australian container hiring company 
believes that an average of 200 days per year bet-
ter reflects the utilization rates observed in his 
company. 

3) At the end of 2007, there were 1,497,000 TEU 
corresponding to 860,000 actual reefer containers.  

Global carbon footprint estimates of refrigerated cold 
chain operations clearly change according to the world-
wide number of refrigerated units accounted for and the 
actual utilization rate. These two numbers can be the 
subject of much discussion. Considering a global fleet of 
860,000 refrigerated containers and a utilization rate of 
150 days per year, a ‘best case’ scenario is that all  con-
tainers comply with the accepted maximum leakage in 
the ISO 1492 standard (10 m3 h–1). In this scenario, the 
global carbon footprint due to air leakage in refrigerated 
containers is about 4 million tonnes CO2 –e. For every 
10% increase in the global ratio of gap-to-sealed areas, 
the air leakage volume would increase 56.8 m3 h–1 per 
container and  the global container carbon footprint due 
to air leakage would increase a further 5 to 6 million 
tonnes CO2 –e. 

In terms of insulation effectiveness, the ATP agreement 
continues to establish 0.4 W m –2 K–1 as the maximum  

Thermography as a tool to detect  energy-saving opportunities in cold chain 
equipment:. Part II: Experimental Surveys. 
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acceptable kvalue for heavily insulated equipment, al-
though some modern containers may be manufactured 
at a lower kvalue.  A ‘best case’ scenario would be that 
all refrigerated containers comply with a minimum 
kvalue of 0.4 W m –2 K–1. We know that not all contain-
ers area heavily insulated, but for the sake of the ar-
gument let’s assume that all are. In this scenario, the 
global container carbon footprint due to heat leakage 
would be about 3 million CO2 –e. For each 0.1 W m –
2 K–1 increase over this baseline kvalue, the global car-
bon footprint would increase in 0.7 million CO2 –e. 
Both air leakage and insulation effectiveness can dra-
matically affect the energy costs and greenhouse gas 
emissions of refrigerate containers. This is a fact that 
remains correct, regardless of the utilization rate used. 

The combined carbon footprint under the ’best case’ 
scenarios for air leakage and kvalue is 7 million CO2 –
e. More strict design standards would decrease this 
baseline. Previous experiences in other refrigeration 
sectors have shown  that the use of energy labelling 
schemes and Minimum Efficiency Performance Stan-
dards can drive the market towards the development 
and uptake of more energy efficient products. In the 
case of containers, insulation improvements through 
the use of better performing materials (e.g. vacuum 
panels, nanomaterials) are possible. Improvements in 
the performance of door seals have been tackled by 
the use of double and triple seals, but research on new 
materials that maintain performance at low tempera-
tures while being subjected at pressure differences 
and mechanical stress could be furthered.  

Introduction 

The September 08 newsletter dealt with the principles 
of thermography in cold stores and containers. In this 
newsletter we will discuss the results of two thermo-
graphic surveys. The first of these was performed on 
a 4-year old freezer with a capacity of 8,600 pallets. 
The thermographic survey was conducted by Mr Ken 
Steel, from Thermoview on 28/07/08. We would like 
to thank Mr Gabor Hilton, co-founder and Chief En-
gineer of Oxford Cold Storage. Mr Hilton kindly 
agreed to have a survey performed in one of the cold 
stores operating in Laverton North.  
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The second survey was performed on a 15-year old 
refrigerated container used for frozen goods. We would 
like to thank Mr Neil Murphy, General Manager of the 
South Australian Freight Council, for his valuable sup-
port in arranging this survey. Mr Ken Steel also con-
ducted the survey in Port Adelaide on 30/07/08, under 
the supervision of Dr. Silvia Estrada-Flores.  

The surveys discussed here are part of the collaborative 
investigation that Food Chain Intelligence and Ther-
moview are undertaking on the application of thermo-
graphy as a tool to detect heat leakages through the 
insulation of cold stores, buildings and refrigerated 
equipment. Through this detection, improvements in 
design and maintenance that decrease both the energy 
costs and the environmental impact of cold chain op-
erations are possible. 

Survey of freezer  

The building surveyed (Fig.1) is a 4-year old freezer 
with a capacity of 8,600 pallets stacked 7 pallets high. 
The freezer has a refrigerated loading dock with 5 
doors with airbag seals. The floor is made of concrete. 
The walls and ceiling are built with sandwich panels 
consisting of metal outer surfaces bonded to an insulat-
ing core of expanded polystyrene foam. The building 
has external cladding. There are two personal access 
doors: one in the north side of the building and one in 
the west side. 

The building was surveyed with a FLIR camera model 

Chain of  Thought  

Thermacam P65 with 24 degree lens, last calibrated on 
17-5-08. Range: –40 oC to +120 oC; accuracy: ±2 oC or 
2% of reading; thermal sensivity: 0.08 oC @ 30 oC; de-
tector resolution: 320 X 240 focal plane array. Spectral 
band: 7.5 to 13um.  

An early physical inspection of the site indicated that the 
insulation of the building was in excellent conditions. 
Only two deficiencies were detected: the bottom seals of 
one of the personal access door (north side) and the 
seals of the second personal access door.  

The thermogram of the access door (north side) is 
shown in Figure 2. The bottom seal shows signs of air 
leakage in about 14% of the total door seal area.  

The air leakage in the west side access door is shown in 
Figure 3. The angle in which this thermogram was taken 
does not allow inferring whether the seal at the right 
hand side of the door is underperforming, but the spread 
of the leakage in the visible door’s perimeter indicates 
that the entire door’s perimeter may be affected. 

Figure 4  presents a summary of the energy costs due to 
air leakage, based on the scenario established in Figure 
1. A cost of $1,250 for one hour of thermographic sur-
vey and $400 for fixing the two door seals have been 
assumed. When the cost of the thermographic survey is 
not included in the maintenance costs (no TS), fixing the 
door seals is the most cost effective measure when the 
air leakage area is above 8-10% of the total defective 
door seal area. When the cost of the thermographic sur-
vey (TS) is included, the cost-benefit ratio turns positive  

• Frozen cold store used 344 days per year, 24 hrs/day.

• Walls and ceiling made on sandwich panel (insulation 

thickness = 200 mm in sidewalls and 250 in ceiling). 

• External cladding, thus avoiding direct solar radiation. 

• One wall (62.5 m x 13 m) is exposed to a refrigerated 

dock at 5 oC.  

• An attic protects the roof from solar radiation.  

• Convective currents from the coldstore to the attic 

lower the external temperature to about 5oC in the 

roof.  

• Three walls are exposed to an ambient temperature of 

14.4oC (which is the average annual temperature in 

Laverton VIC).  

• Cold store temperature= –23 oC. 

• COP = 2 

• Electricity costs = $0.14/kWh. 

FIG. 1. Freezer surveyed. 



The Newsletter of Food Chain Intelligence   4 

 

Chain of  Thought  
 

Sp2

Sp3Dt2

Li1
Sp4Sp1

Dt1
3.9

18.6 °C

5

10

15

FIG. 2.  Thermogram of the access door (north side), showing air leakage through the bottom seal. 
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FIG. 3.  Thermogram of the access door (west side), showing air leakage through the seal’s perimeter. 

FIG. 4.  Air leakage energy costs and costs-benefit ratios as functions of the % gap in North and West door seals. In the “no TS” 
scenario, the cost of the thermographic survey is not included in the cost-benefit calculation. In the “TS” scenario, the cost of the 
thermographic survey (assumed to be $1,250) is included. 

0

2

4

6

8

10

12

14

16

18

20

22

24

$‐

$2,000.00 

$4,000.00 

$6,000.00 

$8,000.00 

$10,000.00 

$12,000.00 

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

CO
ST
‐B
EN

EF
IT
 R
A
TI
O

EN
ER

G
Y 
CO

ST
S 
D
U
E 
TO

 A
IR
 L
EA

KA
G
E(
$)

% GAP AS A FUNCTION OF TOTAL  DOOR SEAL AREA

North door

West door

TOTAL‐1 cold store

COST/BENEFIT RATIO (no TS)

COST/BENEFIT RATIO (TS)



The Newsletter of Food Chain Intelligence   5 

 

FCI and Thermoview are developing a proprietary 
method to assess energy losses through the use of ther-
mography.  The methodology being developed does 
not aim to replace the standard assessment of kvalue as 
outlined in international performance standards such as 
the ATP agreement and ISO 1496-2. Instead, the 
method aims to evaluate the cost/benefit ratio of insu-
lation maintenance costs.  

The quantification of energy lost through the surface of 
a container assumes that this boundary can gain or lose 
heat through radiative and convective heat transfer.  

Radiation heat loads depend on three surface proper-
ties: emissivity, absorptivity and reflectivity. Incident 
solar radiation can be either reflected from the surface 
or absorbed by the surface. The temperature values of 
the thermograms are related to these heat transfer prin-
ciples. 

Convective heat loads depend on factors such as the 
heat transfer coefficient (mainly a function of the air 
velocity around the surveyed wall), and the tempera-
ture difference between the wall and the ambient air. 
Reference measurements of ambient temperature can 
be performed through the use of thermocouples, ther-
mistors or other sensors that work in principles other 
than radiation. In the FCI methodology, a balance of 
convection and radiation on the surface is undertaken 
to estimate the heat loss through the surface. The meas-
urements obtained through thermography and other 
sensors are both necessary to calculate heat losses.  

Further, the calculation of total panel heat losses ac-
counts for two cases: (a) the heat losses through the 
“damaged” panel sections (i.e. those areas presenting 
temperatures 3 oC above the average panel tempera-
ture); and (b) the heat losses through the “undamaged” 
sections (i.e. those that represent the average condition 
of the panel). Examples of sections presenting these 
characteristics are shown in Figures 7 and Figure 8,  
where “Ar1 Max–Min Temperature” is the largest tem-
perature difference in the vector Ar1, traced in the ther-
mograms.  

Major sources of uncertainty in applying thermography 
to assess energy losses in containers include: 

(a) Weather conditions during the survey: energy 
losses through the walls of a container in an 
open yard with no other nearby bodies are   
modelled differently from a case where the con-
tainer is surrounded by other surfaces at differ-
ent temperatures. Solar radiation, rain, condensa-
tion and emitted radiation from colder or warmer 
surfaces  can all  influence a  thermgraphic  

only when the gaps represent above 18% of the total 
door seal area. The decision on the use of thermogra-
phy as part of a maintenance program should consider 
that in this case study the presence of air leakage 
through door gaps was only detected through thermo-
graphy. A simple visual inspection did not reveal the 
extent of air leakage. Other reasons to adopt thermo-
graphy as a regular indicator of maintenance needs for 
insulation air door seals are discussed in the final part 
of this newsletter. 

Survey of container  
 

The container was a 20 ft Daikin model LXE10E with 
a cooling capacity of 5,580 W (Fig. 5). This container 
was scheduled to be decommissioned last year given 
that it had been about 15 years in service. This was a 
great example of the use of thermographic surveys to 
assess the operation of containers still in service in the 
industry after 10 years.  

The container was pre-cooled to –18 oC three hours 
before the thermographic survey was carried out. The 
survey was performed with a FLIR camera model 
Thermacam P65, with 24 degree lens, last calibrated on 
17-5-08. Range: –40 oC to +120 oC; accuracy: ±2 oC or 
2% of reading. Thermal sensivity= 0.08 oC @ 30 oC; 
detector resolution: 320 X 240 focal plane array. Spec-
tral band: 7.5 -  13um.  

In addition to the thermographic survey, we installed i-
button dataloggers (model DS1922L – Maxim Inte-
grated Products, California, USA; resolution: 0.063°C, 
accuracy: 0.5°C) right  on the field of view of the ther-
mographic camera. The readings of these sensors pro-
vided a reference temperature on the surfaces evalu-
ated that were used to calculate heat transfer and en-
ergy usage from the container’s surfaces. 

Figure 6 summarises the results of the survey in this 
container. The thermograms show some damaged pan-
els and air leakage through the door seals. 

In this case study, the calculation of energy losses due 
to air leakage follows the methodology described in 
our past newsletter. However, the calculation of energy 
losses due to insulation deficiencies was different, 
since the kvalue of the container tested was unknown. 

A number of methods have been proposed to measure 
the quality of in-situ insulation through thermography, 
based on the calculation of an effective kvalue (Chen et 
al., 2000; East et al., 2002) or a simplified interpreta-
tion of the radiative temperatures measured with a ther-
mographic camera (Venn, 2007).  
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survey. In this case study, the survey was per-
formed in a cloudy, cold day. These conditions 
reduced the effect of solar radiation and emitted 
radiation from other surfaces. Ideally, the survey 
should be conducted in an enclosed space and 
under controlled temperature conditions to elimi-
nate or control these effects.  

(b) Surface emissivity: the emissivity in surfaces of 
new, white and undamaged white containers is 
close to 0.9 (ASHRAE, 2005). However, cor-
roded surfaces will have a different emissivity 
than surfaces free of oxidation. Unpainted, pol-
ished surfaces (e.g. vents, container edges), have 
a low emissivity, close to 0.1. Therefore, an un-
derstanding of the effect of emissivity in the in-
terpretation of the thermograms taken in a sur-
vey is necessary. 

(c) Areas damaged or affected by thermal bridges: 
in the case discussed, an estimate of the areas 
assessed was performed by using the known to-
tal panel areas as a reference. This method is 
qualitative, but quantitative methods (e.g. image 
analysis) can be used. 

(d) Accuracy of the thermographic camera: we used 
a top-of-the-range thermographic camera in this 
survey, handled by an expert consultant in the 
area. Well trained thermographers and calibrated 
instruments are required to un-
dertake these surveys. 

(e) Reference temperature sensor. 
The accuracy and calibration of the 
references sensors are also key char-
acteristics. Our sensors were checked 
with an ice point check and a calibra-
tion certificate was available from the 
manufacturer. For more accurate 
measurements of reference tempera-
tures, other sensor types (e.g. thermo-
couples) could be selected. 

(f) Convective heat transfer coefficient. 
In this survey the air velocity was 
taken from data reported in a nearby 
weather station. A convective coeffi-
cient was calculated through the use 
of well-known correlations for flat 
horizontal and vertical surfaces.  

However, all these correlations have a degree of 
uncertainty associated to them. 

 

Table 1 summarises the extra energy costs from the air 
and heat leakages observed in the body of the con-
tainer. The extra energy costs due to damaged/
defective insulation were calculated through the FCI-
Thermoview proprietary method. 

Fixing the door seals is normally a financially sound 
decision. However, more consideration should be 
placed on fixing the insulation. It is estimated that the 
cost to fix a panel section of 5 m2 is about $1,000. This 
cost has to be balanced with the following aspects: 

 

• Is the quality of insulation jeopardizing the prod-
uct ‘s integrity and safety  during transport? 

• Are the age and condition of the container such 
that decommissioning is the best option? 

• Is it necessary to fix all the surfaces affected or 
only the roof  of the container? 

• Would insurance premiums decrease if the seals 
and insulation are fixed? 

 

1 One sidewall was surveyed only, due to the lack of space to inspect the other side of 
the container. The results of the sidewall not inspected have been assumed to be the 
same for the surveyed wall. 

Table 1. Extra heat load and costs associated to the air leakage and 
insulation defects observed in the survey of the refrigerated container. 

COMPONENT EXTRA HEAT 
LOAD (W)  

EXTRA ENERGY 
COSTS MDO ($/YEAR) 

Heat leakage due to insulation gaps 
and cold spot in sidewalls1 (2 
sidewalls considered) 

318 $394  

Heat leakage due to cold spots in 
roof 

1,048 $1,298 

Heat leakage due to cold spots in 
refrigeration plant end 

179 $221 

Heat due to air infiltration, assuming 
5% gaps 

1,900 $2,500 

TOTAL 3,445 $4,413 
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FIG. 5.  Container surveyed. 

FIG. 6. Thermograms showing the most significant heat leakages found during the survey of the frozen container. 

• 20 ft frozen container used a cumulative 150 days per year, 24 hrs/day. 

• Exposed to an average ambient temperature of 21oC and RH of 60%. 

• Internal temperature= –18 oC and RH=90%. 

• Door dimensions = 2.38 m(W) x 2.18 m (H) with a total seal area of 0.182 m2 (seal thickness= 0.02 m) 

• A ratio of cooling capacity-to-power consumed of 0.93 (which includes energy use by ancilliaries) was 

assumed. 
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Our readers may have further considerations and we 
would like to hear about them.  

In refrigerated trucks, maintenance decisions would be 
based in similar considerations as above. However, the 
calculation of energy costs needs to account for 
differences in the design and mechanical operation of 
trucks and containers. For example, refrigeration in 
containers is driven by electricity provided through a 

generator, while refrigeration in medium to large trucks 
draws energy from a diesel engine.  There are also 
significant differences in the design of the insulated 
body: while the insulation of trucks encompasses 
fiberglass and urethane, containers are typically 
manufactured using a combination of steel frame and 
polystyrene layers. Therefore, thermal and radiative 
properties are different in trucks and containers. 
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Figure 7. Example of a page of the report containing the thermographic survey results of containers. The 
temperature difference between the coldest and warmest areas of the thermogram is above 3 oC. 
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Figure 8. Example of a page of the report containing the thermographic survey results of containers. The 
temperature difference between the coldest and warmest areas of the thermogram is 3 oC. 
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Final considerations 

Cost-benefit calculations of maintenance programs that 
include thermographic surveys should consider the 
following aspects: 

(1) A thermographic survey in a cold storage site or a 
container yard would include several equipment, 
cold stores, engine rooms and electric boxes. The 
benefits would extend to find electric faults, 
cracks in refrigerant vessels and piping and 
perhaps office insulation. Costing would therefore 
require an evaluation on the basis of number of 
buildings, or area to be covered during the survey. 
The discovery of multiple opportunities to save 
energy (and not just energy savings related to air 
leakage or defective insulation) needs to be 
factored on the calculation of cost/benefit ratios. 

(2) Thermographic surveys can reveal energy losses 
that are often missed in visual inspections. It also 
provides an alternative to more expensive or 
lengthier tests (e.g. a traditional pressure decay 
test to measure air leakage). Further, 
thermography can complement kvalue tests: while 
standard tests can evaluate the overall 
performance of an insulated body, they do not 
provide information on the location of defects or 
damages that contribute to a high kvalue.  
Thermography can provide exact locations of 
problematic areas and solutions for these can be 
implemented. We have read before that “if  you 
don’t measure it, you can’t manage it”... 

(3) An accurate cost-benefit calculation should 
include the benefits of carbon reduction under a 
carbon trade scheme. For example, the Australian 
Government’s intention is to commence a Carbon 
Pollution Reduction Scheme on 1 July 2010.  

Under the proposed cap-and-trade scheme, emitters of 
greenhouse gases (GHG) need to acquire a permit for 
every tonne of GHG that they emit.  Therefore, energy 
reductions through maintenance in cold chain equipment 
would decrease the need to acquire emission permits 
and enable companies to sell their excess carbon permits 
to others. It is premature to develop Australian cost-
benefit analyses based on these developments, as the 
cost per tone of CO2 –e has not been set yet. In Europe, 
the price per tone of CO2 –e is € 11 at the time of writ-
ing this article1. The introduction of a global carbon 
market will change the way we calculate cost-benefit 
ratios of energy saving technologies and maintenance.  

1 http://www.ecx.eu/index.php/EUA-Futures 
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