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Abstract—The use of discarded shipping containers as 

temporary living spaces at construction sites, industrial 

facilities, and commercial applications, is progressively 

increasing due to several advantages such as mobility, 

cost effectiveness, lower construction time and 

reusability. These containers are called convertainers 

once they are converted into living spaces. Convertainers 

should be designed to improve the thermal comfort (to 

control the temperature and the humidity), indoor air 

quality and visual comfort (natural/artificial lighting) 

while minimizing the energy consumption by the facility. 

Buildings in hot and humid climates spend more than 

60% of the total energy cost for Air Conditioning and 

Mechanical Ventilation to maintain the required thermal 

comfort of the occupants. Therefore, it is of utmost 

importance to analyze the heat flow to the convertainers 

and optimize the layout of the doors and windows to 

improve the natural lighting while reducing the heat gain 

to the convertainers. During this study, a mathematical 

model was developed to estimate the cooling load, to find 

an optimum insulation method, material, thickness and to 

optimize the layout to locate the window/s and door/s for 

a 20 ft convertainer to minimize the heat gain and cooling 

load. 
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I. INTRODUCTION  

 Shipping containers converted in to living spaces 
(convertainers) have been introduced to the construction 
industry as a sustainable building solution in past few decades. 
Convertainers are cheaper, less in construction time and 
portable comparing to other conventional constructions. A 
few years ago, these used containers are converted as control 
rooms and office rooms, mainly at construction sites. 
However, currently, these container boxes are used as 
commercial office rooms, security compartments, control 
rooms, hospitality sector, other industrial apartments and even 
as living houses.   

After ending the usable life for freight transport, the cargo 
containers that are used for building constructions are called 
ISBU-Intermodal Steel Building Unit [1]. All the interior and 
exterior dimensions are same for both 20 ft and 40 ft container 

models except the lengths [1][2]. The six sides of the container 
boxes are made of corrugated steel sheets which are welded to 
steel frames at borders [1][2]. The floor is usually covered 
with plywood over the crossmember floor structure. Shipping 
containers which are no longer used in logistics can be used to 
construct the convertainers. In addition, materials such as 
rock-wool, spray foam, aluminum fittings and other common 
building materials are also used to fabricate a convertainer. 
Moreover, when a container is converted into a convertainer, 
the doors and windows are added according to the client’s 
requirements and, are usually equipped with one or two door/s 
and window/s. 

  The energy consumption of convertainers mainly focuses 
on ventilation (to provide fresh air), visual comfort (to provide 
sufficient lighting), acoustic comfort (sound level) and 
thermal comfort (temperature and relative humidity). 
Therefore, it is required to understand the heat flows into the 
convertainer and a way of providing required lighting level 
and fresh air, to reduce the power consumption of the 
convertainer. Hence, a mathematical model was developed 
during this study to optimize the door/window number, 
door/window layout configuration, the thermal insulation 
materials, its thickness, insulating method and the amount of 
daylight and natural light, to minimize the energy 
consumption by the convertainer.  

II. METHODOLOGY 

The mathematical model was developed using MS-Excel 
software to analyze the interior and exterior heat gains and 
estimate the maximum cooling load (CL) of the container box. 
The parameters given in the Table I were considered to 
develop the mathematical model. 

TABLE I.  PARAMETERS FOR THE MATHEMATICAL MODEL 

Parameter Description 

Time duration 6.00 am to 9.00 pm with intervals of 1 hour  

Location Colombo - North latitude of 8 degrees 

Temperature 

Profile 

Temperature profile on 19th April 2021 at Colombo 

(The day that maximum temperature recorded for past 

two years in Colombo) 

Occupants 4 (Standing or walking slowly) 

Equipment & 

Appliances 

2 LED bulbs (9 W each)  

1 Desktop computer (400 W) & 2 Laptops (65 W 

each) 



A. Heat Transfer Analysis and Estimating the Cooling Load  

for Existing 20 ft Conatiner Box  

The Cooling Load Temperature Difference/ Cooling Load 
Factor (CLTD/CLF) method published by the American 
Society of Heating, Refrigerating and Air-Conditioning 
Engineers (ASHRAE) [3][4] was used to estimate the 
maximum cooling load for an existing container box of 20 ft 
length (ECB-20 ft -without any insulation). One dimensional 
heat transfer rates (Q) across all the walls of the convertainer 
were calculated by obtaining the respective overall heat 
transfer coefficients (U) through each cross sectional areas (A) 
at given inside and outside temperature differences (ΔT) as 
shown in Equation 1. 

(1) 

The Cooling load of an existing container was computed 
for two scenarios depending on the facing direction of existing 
doors which are shown in Figure 1.  

 

 

 

 

 

 

 

Fig. 1. Existing doors of a container box [5] 

The fenestrated doors and windows are supposed to be 
placed on any wall except on the existing doors. The 
considered two scenarios are, existing doors of the container 
box is facing east (CD-E) and existing doors of the container 
box is facing west (CD-W). Only the east and west directions 
were considered because if the existing doors are facing on 
north or south, the longer side walls (Figure 1) will face on 
east and west, which leads to experience higher direct solar 
heat gains into the space as doors and windows are placed [6]. 
The roof of the container box is taken without any 
modification which is also has a corrugated profile. But the 
specific dimensional parameters of the profile were 
considered for the calculations. 

B. Method of Insulation 

 Convertainers should be insulated to minimize the cooling 
load of the facility as if it is not properly insulated, heat flow 
would occur into the indoor environment across the metal 
structure. In general, the internal dimensions of the containers 
differ from those of the external dimensions as their walls are 
made of corrugated metal sheets.  

The structure of a shipping container is manufactured 
using corrugated metal sheets with 2 mm thickness. These can 
be made from several kinds of materials i.e., steel, aluminum 
or stainless steel. The corrugated profile depth is 40 mm. The 
internal width of the container is reduced by 80 mm due to 
this. The existing doors shown in Figure 1 are also made of 
steel frames, sheets, and hinges. The floor is covered by a 
plywood sheet. Additional reinforcement in the floor can be 
done using I-beams [7]. 

The existing flat roof is the most economical option. A 
double roof, consisting of the container roof and an additional 

sloped roof can be used to reduce heat transfer through the 
roof due to the buffer area of air. This phenomenon is 
particularly intense when the space in between the surfaces is 
insulated.  

Reflective painted shed, hip, or gable roofing can also be 
used as roofing options [8]. For a good finish, gypsum 
plasterboard is usually attached to the inside of the container 
roof [7]. Green roofs with some plants can be used to 
minimize the cooling load remarkably due to the high thermal 
mass. It would be problematic to transport the container if the 
roof thickness is over 70 cm due to height limitations [9].  

The insulation cost will be significantly reduced with 
three-layer glazing of windows. Investing in more panel 
insulation is more expensive than upgrading the windows 
because the cost incurred for triple glazing is only 25% higher. 
Low emissivity coatings can also be used to reduce the 
radiation heat gains [9]. 

External insulation is generally preferable in colder 
climates as a more cohesive shell without thermal bridges is 
formed. Wooden frames are usually installed to be able to 
connect the insulation to the outside or the inside of the metal 
walls. Following characteristics can be identified for internal 
and external insulation of the convertainers. 

Internal Insulation: 

• Reduction of the room space. 

External Insulation: 

• Noise absorbing material may need to be attached to 
the inner walls.  

• Less complicated to create a shell without thermal 
bridges.  

• Insulation can be made very thick.  

• High thermal mass of the structure can be utilized. 

• Larger thicknesses of the insulation can be installed, 
therefore, material with lower thermal resistance 
values can be used. Hence, cheaper [10]. 

• A frame must be structured around the container as a 
support to the insulation [10]. 

• Moisture management should be done to make sure 
that rot and mold growth does not occur and reduce 
the quality of the insulation [10]. 

Since the boundary walls of container boxes have a 
corrugated profile, the following three possible types of 
insulating methods shown in Figure 2 were analyzed to 
understand the overall heat transfer properties, required 
insulation material amount and the cost, to select the best 
method. The results are presented in the results section. 

 

 

 

Fig. 2. Possible insulating methods with corrugated container walls 

C. Insulation Material 

Thermal resistance (R) of insulation materials depends on 
the thermal conductivity of the material and the thickness of 
the material. Commonly available insulation materials are 

Type 1 Type 3 Type 2 

Existing 
doors 

Longer side 

walls 

Q � ���∆�� 



vacuum insulated panels (VIP), glass reinforced concrete 
(GRC) panels, rock wool, cellulose, straw boards, glass fiber 
and polyurethane foam (PU foam) [10][11]. Condensation 
will take place on some insulation materials i.e., wool and 
cotton resulting in corrosion, despite being eco-friendly 
insulation materials [12]. Blanket rolls are the least expensive 
insulation material compared to insulation panels and foam 
insulation. Rock wool is the most widely used type of blanket 
insulation [12]. Rigid mineral wool has a melting point of 
about 1,093.33 °C hence, it is fire resistant [12]. Overall heat 
transfer coefficient (U) values for varied thicknesses of some 
insulation materials which are typically used to insulate the 
shipping containers are given in Table II.  

TABLE II.  COMPARISON OF OVERALL HEAT TRANSFER 

COEFFICIENTS BETWEEN DIFFERENT INSULATION MATERIALS 

 
 Applicability of VIP is challenging due to high cost and 

lack of availability in the local market. Expanded Polystyrene 
(EPS) sheets are not recommended to insulate container boxes 
due to its less durability and less robustness. Glass wool is 
available in local market which is also applicable as an 
insulation material.  

Therefore, the applicability of PU foam, Rock wool, Glass 
wool and extruded polystyrene (XPS) as an insulation material 
was analyzed with its performance for reducing the cooling 
load and the cost. There the ‘value for the cost index’ was 
introduced as a parameter to select the most suitable insulating 
material as shown in Equation 2, considering the cost and the 
performance on reducing the cooling load (CL). Lower the 
cost and cooling load, higher the value for the cost index and 
better the material.  

 (2) 

D. Layout Configuration 

Air-conditioned spaces in hot and humid climates usually 
use efficient passive technologies to reduce the heat-gain into 
the indoor environment to reduce the power consumption by 
the Air Conditioning systems.  Some of these passive cooling 
features are; shaded outdoor buffer zones (verandas and deep 
overhangs) surrounding landscape design (planting of bushes 
and trees). Moreover, excessive natural lighting in the 
daytime can be reduced by using curtains, shadings, and 
blinds [13].  

Air-conditioning and lighting account for over two-thirds 
of the total electricity use of a typical building. Understanding 
daylight control can save a considerable amount of energy. 
[14]. When it comes to convertainers, the layout of the 
door/window orientation is crucial as during the daytime 
many occupants prefer to receive natural light. However, 
when solar radiation enters to the conditioned space via 
transparent surfaces i.e., door/window glasses, the external 
heat gain and the cooling load requirement increases 
significantly.  

Therefore, 30 door/window layouts were considered to 
conduct the cooling load estimation to identify the best 
door/window configuration. As shown in Figure. 2, the layout 
Type-A consist of one door and one window with 12 different 
configurations and, the layout Type B consists of one door and 
two windows with 18 different configurations as shown in 
Figure 3.  

The cooling load estimations were obtained by the 
mathematical model and the best two configurations were 
sorted out from each layout type based on minimal estimated 
cooling loads. The results are given in Table V under results 
section. 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. Considered layout configurations 

 The dimensions of the doors and windows considered in 
the analysis are shown in Figure 4. (All dimensions are in 
millimeters and, assumed that they are 5 mm thick single 
glazed with 50 mm Aluminum frames)  

 

 

 

 

 

 

 

  

 
 
 

 

Fig. 4. Dimensions of doors and windows 

Material U (W/m2K) at thickness (mm) 

Thickness 

(mm) 
20 30 40 50 60 70 

VIP 0.18 0.12 0.09 - - - 

PU foam 1.10 0.73 0.55 0.44 0.37 0.31 

Rock wool 1.75 1.17 0.88 0.70 0.58 0.50 

XPS 1.60 1.07 0.80 0.64 0.53 0.46 

EPS 1.80 1.20 0.90 0.72 0.60 0.51 

Value for The Cost Index � �

	
�� ��� ��. �� � �
� ��� �
��
 

N Door Window 



E. Lighting Design 

Office spaces should be provided with 300-500 lux 
lighting level according to the Chartered Institution of 
Building Services Engineers (CIBSE), UK [15] to ensure the 
visual comfort of the occupants. In order to understand the 
lighting level distribution of the convertainer, a lighting 
simulation was performed using DIALux evo 10.1 software.  

The simulation was designed to understand the lighting 
distribution of the convertainer for different door/window 
configurations and a blend of artificial lighting. 15 W LED 
Surface panels (6000 K) with luminous flux of 1,500 lm were 
selected considering its moderately high luminous efficacy 
(100 lm/W) during the modelling work.  

A working plane above 1 m from the floor was selected as 
the height of working table. The minimum number of 
luminaires needs to be installed to maintain the average lux 
level above 300 lx at the working plane without daylight was 
obtained through simulations. The summary of the results of 
lighting simulation is given in Table VIII. 

III. RESULTS AND DISCUSSION 

A. Heat Transfer Analysis and Estimating the Cooling Load  

for Existing 20 ft Conatiner Box  

 The maximum estimated cooling load for an existing 
container box – 20 ft (ECB-20 ft) (without any insulation) was 
found using CLTD/CLF method under ASHRAE standards 
and the result was 14.52 kW (at 1.00 pm) with CD-E case 
14.58 kW (at 1.00 pm) with CD-W case. The maximum 
cooling load of 14.58 kW was then considered as the reference 
value for further comparisons and evaluations for energy 
efficiency enhancements of the container boxes converted as 
living spaces. 

B.  Method of Insulation 

Heat transfer coefficient (U) values and the respective heat 
transfer rate values (Q) through the corrugated walls of an 
existing convertainer, and the required insulation material 
quantities are shown in Table III for three different insulation 
types shown in Figure 1. 

TABLE III.   COMPARISON OF TYPES OF INSULATING METHODS FOR 

ITS EFFECTIVENESS OF USAGE  

 
The heat transfer rate values are minimum with Type 2 and 

Type 3, and the difference is not significant (almost same). 
But the required material quantity of Type 3 is significantly 
higher than the other types, thus the cost will be higher. When 
compared to Type 1, Type 2 has got less heat transfer rate and 
less required material quantity. Therefore, it can be concluded 
that Type 2 is the most effective method of insulation. 

C. Insulation Material 

As the Type 2 insulation method perform better than the 
other two types due to the presence of air layer, further 
analytical work will be done for the Type 2 insulation method. 
Heat transfer rates and economic analysis of four insulation 

materials were analyzed. The results are presented in Table 
IV.   

Higher the value for the cost index, better the material. 
According to the results, it can be identified that the Rockwool 
is the best choice as the insulating material considering the 
heat transfer rate as well as the cost effectiveness. 

TABLE IV.  COMPARISON OF INSULATING MATERIALS WITH 

PERFORMANCE AND COST 

Insulation 

Material 

(Thickness =  

50 mm) 

Thermal 

conductivity 

(W/mK) 

Cost 

per 

sq.m 

(Rs.) 

CL for 

ECB 

(kW) 

Value for 

the Cost 

Index 

PU foam 0.022 9000 2.815 03.95 

Glass wool 0.030 3000 3.021 11.03 

Rock wool 0.035 2800 3.143 11.36 

XPS 0.032 6500 3.071 05.01 

D. Layout Configuration 

The summary of results obtained by the mathematical 
model for the estimated cooling loads of each layout 
configuration without insulation are given in Table V.  

TABLE V.   SUMMARY OF ESTIMATED COOLING LOADS FOR THE 

LAYOUT CONFIGURATIONS  

 

Layout Configuration Cooling Load (kW) 

Type A (Doors=1, 
Windows=1) 

1 14.35 

2 14.44 

3 14.43 

4 14.36 

5 14.31 

6 14.33 

7 14.33 

8 14.40 

9 14.28 

10 14.30 

11 14.29 

12 14.37 

Type B (Doors=1, 
Windows=2) 

13 14.37 

14 14.39 

15 14.45 

16 14.31 

17 14.34 

18 14.28 

19 14.35 

20 14.27 

21 14.43 

22 14.26 

23 14.36 

24 14.31 

25 14.25 

26 14.32 

27 14.24 

28 14.40 

29 14.23 

30 14.32 

Type U (W/m2K) Q (kW) 
Material Quantity(m2) 

(Thickness = 50 mm) 

Type 1 0.584 2.541 61.07 

Type 2 0.554 2.484 52.90 

Type 3 0.553 2.482 74.82 



There the configuration 9 and 11 from layout type A, and 
configuration 27 and 29 from layout type B were sorted as the 
best layout configurations with minimal heat gains out of all 
30 layout configurations. These layouts were taken for further 
analysis and improvements of energy efficiency 
enhancements. The sorted convertainer design layouts with 
number of doors (D) and windows (W) are as given in table 
VI.  

TABLE VI.  SORTED LAYOUT CONFIGURATIONS 

Configuration 9 11 

Type 
A 

No. of D W D W 

Wall-North 1 0 0 1 

Wall-South 0 0 0 0 

Wall-East 0 1 1 0 

Wall-West 0 0 0 0 

Configuration 27 29 

Type 
B 

No. of D W D W 

Wall-North 0 2 1 1 

Wall-South 0 0 0 0 

Wall-East 1 0 0 1 

Wall-West 0 0 0 0 

 

The summary of results obtained by the mathematical 
model for the estimated cooling loads (CL) of each sorted 
layout configuration with 50 mm thick rockwool insulation 
are given in Table VII. 

TABLE VII.  RESULTS OF COOLING LOADS OF THE SORTED LAYOUT 

CONFIGURATIONS 

 
These sorted layouts were taken into consideration for the 

rest of the tasks. 

E. Lighting Design 

The internal height from the floor to roof is 2.39 m in a 20 
ft container box [1][2]. The lux distribution was analyzed on 
a plane chosen 1m above from the floor. A sample graphical 
representation of the lux distribution is shown in Figure 5. The 
lighting simulation was done using DIALux evo 10.1 
software, and the obtained lux distributions and the average 
(Avg.) lux levels are summarized in Table VIII. 

  

 

 

 

 

 
Fig. 5. Sample graphical representation of the lux distribution 

TABLE VIII.   SUMMARY OF LIGHTING SIMULATION DONE BY DIALUX 

EVO 10.1 SOFTWARE 

Layout 

Configuration 
Lux distribution 

Avg. 

Lux 

Level 

Type A - 6 active 

luminaires without 

daylight  

 

336 lux 

Type A - 3 active 

luminaires with 

daylight  

 

264 lux 

Type B - 6 active 

luminaires without 

daylight 

 

336 lux 

Type B - 0 active 

luminaires with 

daylight  

 

441 lux 

 
It is found that the minimum of 6 luminaires needed to 

maintain the average lux level above 300 lx at the working 
plane without daylight. When there are windows facing East 
or West, blinds must be used to avoid the glare and the blind 
percentage should be adjusted with 3 active luminaires to 
supply adequate lighting level. Except as office spaces, 
converted container boxes can be used as several other types 
of living spaces as well. Table IX shows the results of average 
(Avg.) lux levels when using of different number of installed 
luminaries for the same 20 ft container box.  

TABLE IX.  AVERAGE LUX LEVELS FOR DIFFERENT NUMBER OF 

INSTALLED LUMINARIES 

Layout 

Configuration 

 Avg. Lux 

Level 

4 luminaires 

without daylight  

 

228 lux 

3 luminaires 

without daylight  

 

179 lux 

2 luminaires 

without daylight 

 

 

 

 

122 lux 

1 luminaire 

without daylight  

 

64 lux 

Layout 

Configuration 

CL without 

Insulation (kW) 

CL with Insulation 

(kW) 

9 14.28 2.84 

11 14.30 2.83 

27 14.29 3.07 

29 14.37 3.07 

Door Windows  

  

Lux distribution 
of chosen plane 

(1m above)  

Luminaires  

 

Lux distribution 

 

 

 

 

 

 

 



The results were obtained under absence of daylight 
condition which is a common condition for both Type A and 
Type B. 

IV. CONCLUSION 

The entire analysis was done for the initially defined 
parameters where the results are mostly appropriate for the 
considered location (Colombo, Sri Lanka) which has a 
tropical environment. Thus, the conclusions related to the 
layout configuration and orientation are specifically 
applicable for the tropical countries which are located slightly 
north of the equator in the Indian ocean. The conclusions made 
on the insulation method and the lighting design are 
acceptable for any location where the external heat gain is not 
preferred.     

A mathematical model was developed to analyze the 
cooling loads of a convertainers as the initial step of the 
research. A proper insulation method was selected, and rock 
wool was finalized as the insulating material after considering 
the cost and the heat transfer rate. 30 layout configurations 
were considered depending on the number of windows, doors, 
and the orientation of the convertainers; minimum cooling 
load were obtained when the doors/windows are located in 
north and east orientations. It is recommended not to locate 
the doors and windows for south and west orientations.  

All the sorted best layouts are having its existing doors 
(Figure 1) facing the west direction (CD-W). Avoiding the 
longer side walls facing east and west directions is also 
preferred to reduce the direct solar heat gains into the space. 
Therefore, it is important to consider the placing direction of 
the container box under minimizing the heat gain where the 
energy consumption could be minimized.  

The study suggested that the insulation method, insulation 
material and door/window configuration of convertainers play 
a vital role when taking the measures to minimize the energy 
consumption of the convertainers. Installing six of 15 W LED 
panels for lighting purposes is sufficient to provide the 
required illuminance level for a convertainer used as an office 
space and the number of LED panels may vary according to 
the type of living space.  

V. FUTURE WORK 

Computational Fluid Dynamic (CFD) simulations will be 
done to find the optimum location for the Air Conditioner to 
be installed in the convertainer.  

The hypothesis of the use of a fan assisted system to reduce 
the cooling effect required by the air conditioner alone due to 
the increase of circulation of air will be tested further. The 
placement of the fan to optimize the air circulation will be 
finalized. A CFD software will be used for the analysis. 

If the hypothesis stands to be correct, the implemented system 
will increase the energy efficiency by reducing a significant 
amount of electricity consumed by the air conditioner. 
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