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Abstract 
Shipping containers that can no longer be used in cargo transportation are 
accumulating in large numbers in ports all over the world. At the same time, the 
usage of fully modular and prefabricated components in the construction sector 
is on a constant rise in recent years. Reusing these containers in their current 
form without melting them down, significantly elevates their lifetime usage as 
well as opens new and interesting options for modular buildings. 
 
While there are already many container buildings worldwide, the area of 
energy-efficient container houses has hardly been touched. Therefore, the goal 
of this thesis is to show the usage of shipping containers to plan energy 
efficient buildings in three different climate zones, while each building itself is 
fully climate adaptable for its location using passive architecture. 
 
To accomplish this primary focus, a detailed analysis of the climate conditions 
of the locations is necessary. The tree locations are Stockholm, Berlin, and 
Cape Town. Afterwards a uniform base model will be developed, depending on 
the specifications of these shipping containers. This Base Case can be adapted 
to three different climate conditions, by modification and adaptation to create 
buildings with an effective passive architecture for each location’s climate 
conditions. These modifications will be used to develop a suitable design for 
each climate zone with all specifications described and visualized for each case 
of usage. 
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1 Introduction 
Worldwide, more than 17 million structural intact shipping containers exist in 
ports, which are no longer suitable for cargo transportation. Container steel as 
a material is to precious as well as not compostable and can’t be brought to 
landfills. At the same time, material recycling of metal requires a melting 
process. This melting process consumes a huge amount of energy and 
produces large quantities of greenhouse gases. It is therefore better to use 
containers in their existing form, for instance in the adaption as construction 
elements. As an example, a 3.60t shipping container requires 8000kWh of 
energy to melt into steel blocks. In order to recycle the same container as a 
building element, only approximately 400kWh of energy is required. [1] 
 
In recent decades, the general use of modular and prefabricated components in 
architecture has risen significantly. Especially shipping containers can be a 
well-suited construction element, as they are already available in large 
quantities. Shipping containers used as building materials work as modular, 
prefabricated and stackable construction elements. Furthermore, due to its 
modularity, the construction process can be realised quickly and flexibly and is 
therefore cost-effective. The use of recycled materials also leads to an 
environmentally friendly and sustainable construction method. [2] [3] [4] [1] 
 
From this current situation, how can these extremely modular components be 
transformed into a functioning building that meets the quality and comfort 
demands of modern residents? Furthermore, into a building that features 
energy efficiency and respects the climatic conditions of its surroundings in the 
form of a passive architecture. This is to be tested and hopefully realised in the 
following work on the basis of examples. For this purpose, energy efficient 
container buildings are planned within three different climatic zones. Therefore, 
this thesis is not a theoretical research but a practical project with the aim of 
developing three building models showing functioning and sustainable 
architecture. 
 
The processed examples involve three single-family houses consisting of 
containers, planned in three different climate zones. Rather than trying to plan 
three completely different buildings per climatic zone, this paper develops a 
uniform Base Case as a guideline. This Base Case is then adapted by 
modifications to the climatic conditions for the individual climate zones, in order 
to guarantee a suitable passive architecture for each building. 
 

 Background 
The thesis is integrated into a larger project and serves as a component of it. 
The objectives of the larger project are to determine the integrated lifecycle 
product and process development of energy efficient buildings consisting out of 
shipping containers under various climatic conditions. The project was founded 
by the Federal Ministry for Economic Affairs and Energy (BMWi), Germany. 
Beside Högskolan Dalarna, it has other partners, which are ISE (ISE Institut für 
Strukturleichtbau und Energieeffizienz gGmbH), Osnabrück University, LF 
Elektro Ltd, Bicoba, Ltd. 
The planning of the container buildings is therefore not only used as a self-
sufficient study, but also to be applied further in the large project. [5] 
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 Aim and objectives 

1.2.1. Aim 
The aim of the thesis is to develop energy efficient single-family buildings in 
three different climate zones, by using prefabricated shipping containers. 

1.2.2. Objectives 
• Literature review to define the framework of shipping containers as a 

building material. 

• Elaboration on the locations’ climate conditions and development of ideal 
construction methods for reducing energy requirements through the 
usage of the Climate Consultant program. 

• Planning and visualisation of energy-efficient container buildings with 
SketchUp for all three cases. This planning is done by using passive 
architecture to ensure a stable internal climate and to keep energy 
consumption low. 

• Description and explanations of the developed design concepts. 

 
 Boundaries 

Since the processing period of the thesis is limited to 9 weeks, the boundaries 
of the processing must be clearly defined. For this reason, the planning is 
carried out in the form of a design planning. A more detailed planning, such as 
a detail drawing, is not performed. As a general direction, the work 
concentrates on the actual planning and visualisation of the buildings. 
Therefore, the construction processes, cost calculations or estimations and 
concrete energy determinations are not discussed. The decisions regarding 
mechanical systems like heating or ventilation types are not made. The work 
only covers the actual planning process. 
 

 Assumptions 
The planned container houses will serve as single-family houses. The building 
is designed corresponding to the assumption of a four-person family. Since no 
concrete site was specified, an open rather rural environment was assumed, 
since urban structures in other regions often differ strongly and no concrete 
specifications were known. 
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2 Literature review 
In this chapter the frameworks and the essential information to be able to work 
with containers will be developed. 
 
In order to explain their function as building materials, four main sources are 
used. The first source is "Life cycle assessment of shipping container home: A 
sustainable construction" from G. Zhang, S. Setunge, M. A. Bhuiyan, and H. 
Islam [1]. It consists of a life-cycle assessment about the modification of ship 
accounts into building elements and hence provides a general and 
comprehensive overview of the topic. Another source is "Using shipping 
containers to provide temporary housing in postdisaster" from S. Setunge, S. v. 
Elmpt, and G. Zhang [6], which focuses on the use of shipping containers as 
temporary buildings, especially after catastrophes. The source "Evaluation, 
modeling, and analysis of shipping container building structures" written by H. 
Sezena, R. B. Dupaix, and K. Giriunasa [4] concentrates on the structural 
conditions of containers. In addition, it gives some interesting aspects of 
construction topics. One further source is "Master in Architecture Sustainability 
in prefabricated architecture A compartive life cycle analysis of container 
architecture for residential structures" from A. A. P. Olivares [2] which, 
represents a theoretical master thesis and is also a general source of 
information. The source, moreover, offers particularly interesting information 
about application. Additional sources were used for topic extensions. 
 
The research focuses on the construction handling of shipping container as 
building elements. It explains the important aspects of construction and 
structural analysis from previous studies. The literature review concludes with 
possible applications and two examples that show how containers were already 
used as single-family houses. 
 

 Shipping container standards 
Standards for shipping containers are developed by the International 
Organization for Standardization (ISO) and the International Convention for 
Safe Containers (CSC). These documents regulate the application, suitability 
for use and specifications for shipping containers. Important standards are ISO 
668, ISO 830, ISO 6346, ISO 1496-, ISO 1161, ISO 2308 and ISO 3874. The 
ISO 1496-1 standard defines hereby the structural limits of shipping containers.  
 
There are no specific ISO standards of its origin that specify the framework 
conditions for the use of containers as building materials.  
 
After the end of their use as cargo transport, containers used in construction 
are called ISBI-Intermodal Steel Building Units. [1] [4] 
 

 Dimensions 
Shipping containers are produced in standardised dimensions. This makes 
them an ideal building component for modular and prefabricated construction 
projects. [1] 
 
Thereby containers have a variety of dimensions. Containers suitable for the 
usage as building components are 2.3 m wide and 6 m or 12 m long (internal 
dimensions). The height varies between 2.4 and 2.7 m. In this context, the 
minimum clear ceiling height must be considered. In many national regulations, 
this is 2.4 m for the construction of residential buildings. Therefore, the inner 
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height of the shorter containers still corresponds to these, though only without 
any additional installations. The exact dimensions in terms of external and 
internal dimensions, floor areas and weight are given in Table 2.1. [1] 
 
The internal dimensions of the containers differ from those of the external 
dimensions as their walls are made of corrugated metal panels.  The depth of 
the profile is 25 mm. This reduces the clear width of the container by 50 mm. 
The back (side without the door) is also corrugated. The doors have a thickness 
of 50 mm, which results in a further reduction of 75 mm in length. The height of 
the inner dimension is as well reduced compared with the outer dimension. The 
top and bottom side rails stabiles the structure further. In the floor, this 
reduction, consisting of floor clearance and floor thickness, is approximately 
177 mm depending on the type of floor. As the material of the roof is also 
corrugated, the internal height is reduced by slightly more than 200 mm in total. 
[7] [1] 
 
Table 2-1 Dimensions of shipping containers suitable for construction [7] 

Names Width  
[m] 
External 
(internal) 

Length 
[m] 
External 
(internal) 

Height 
[m] 
External 
(internal) 

Area  
[m2] 
External 
(internal) 

Volume 
[m3] 
External 
(internal) 

Typical 
weight 
[kg]  
 
 

20ft 
Shipping 
Container 
 

2.44 
(2.34) 

6.09 
(6.01) 

2.59 
(2.36) 

14.86 
(14.06) 

38,49 
(32,91) 

2160 

40ft 
Shipping 
Container 
 

2,44 
(2.34) 

12.18 
(12.11) 

2.59 
(2.36) 

29.72 
(28.34) 

76,97 
(66,88) 

3750 

20ft High 
Cube 
Shipping 
Container 
 

2.44 
(2.34) 

6.09 
(6.01) 

2.90 
(2.69) 

14.86 
(14.06) 

43.09 
(37.82) 

2350 

40ft High 
Cube 
Shipping 
Container 

2.44 
(2.34) 

12.18 
(12.11) 

2.90 
(2.69) 

29.72 
(28.34) 

86.19 
(75.38) 

3900 

 
 Material 

The walls and ceiling of a shipping container consist of corrugated metal sheets 
with 2 mm sheet thickness. These metal sheets can be made from several 
kinds of materials like steel, aluminium or stainless steel. Due to the different 
materials, the overall livetime carbon footprint can vary significantly. The 
material also includes a metal door at the front as well as steel frames and 
corner fittings. Only the floor is made of plywood. Thus, additional 
reinforcement in the floor, consisting of I-beams, is necessary. Due to the 
original function as a transport unit, containers have a high levelof rust, fire and 
mildew resistance. The detailed components and materials of a shipping 
container are shown in Figure 2.1. [1] [2] 
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Figure 2.1 Components of a shipping container [2] 
 

 Structure 
The structure of shipping containers can be roughly divided into five 
components: (1) bottom structure, (2) front and frame structure, (3) backend 
frame structure, (4) side wall structure and (5) box top structure. These 
structural characteristics of ISO shipping containers are described in ISO 1496-
1. Since there is no specific structural standard for its use outside freight 
transport, this standard is also used when containers are converted to building 
elements. However, this only applies if the stacking method of construction 
containers is similar to that of freight transport. In general, containers can be 
stacked up to nine stores in construction without losing their structural safety. 
The corner posts are essential components for load bearing and should, 
therefore, be retained in planning as far as possible. [4] [1] 
 

 Connections 
Containers can be connected to each other in different ways. One possibility is 
offered by the use of connection devices. They consist of holes in the lower and 
upper parts of the corners, which can be locked together (see Figure 2.4). 
Thereby twist locks and latch locks are possibilities to fix the containers when 
stacked. These connections can take horizontal and vertical loads during 
shipping. For housing constructions, these joints can be sufficient, depending 
on their use. Particularly with unusual stacking constructions, it may be 
necessary to design other adaptations for the joints. For those connections, no 
standards exist yet and they must be developed individually for each project. [4] 
 
For connection to the foundations, the container is usually welded to a steel 
base plate. This steel plate has reinforcing bars on the underside and is 
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previously inserted into the wet concrete foundations. After the hardening of the 
concrete, the steel base - and thus also later the container - are anchored to 
the foundations (see Figure 2.2). [4] 
 

 
Figure 2.2 Connection to the foundation and existing connection holes [4] 
 

 Foundation 
The most common three types of foundations under container houses are 
footing, mat foundation, and piles. [4] 
 
Footing consists of reinforced concrete blocks or cylinders. They are located 
under load columns such as the corners of the containers. Generally footings 
are especially suitable for small to medium-sized buildings on good or medium 
good ground. [4] 
 
Mat foundation, on the other hand, extends over the entire surface of the 
building. It is used if spared footings would span over more than half of the 
area, if the ground is too weak and unsafe or if the groundwater level is above 
the foundation. [4] 
 
Another option is the use of piles. These are long beams of concrete, metal or 
wood. These piles run deep into the ground. Obviously, this method is more 
expensive and only used when the top layer of the ground is too weak to carry 
the load of the building. Through the columns, the load can be transferred to 
deeper load bearing ground layers. For this reason, speared footings and mat 
foundations are more common under container houses. [4] 
 

 Insulation 
By default shipping containers are poorly insulated and therefore require 
additional insulation in the outer elements in almost all climate zones. 
The question of internal or external insulation depends on the climatic 
conditions of the location. In colder climates, external insulation is generally 
preferable as it forms a more cohesive shell without thermal bridges. Moreover, 
internal insulation leads to a reduction of the room space. To apply the 
insulation, wooden frames are usually installed on the inside or outside of the 
metal walls to be able to attach the insulation. The wooden frames can be very 
thin as they do not carry any additional load. A cladding can then be installed 
on the outside or plasterboard on the inside of the walls.  
It should also be considered that the metal surfaces themselves are very noisy. 
In the case of external insulation, noise absorbing elements may have to be 
attached to the inner walls. [2] [1] 
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 Openings  
In order to convert shipping containers to buildings, apertures for doors and 
windows have to be cut in the steel structure. This step does not correspond to 
the traditional construction methods and requires special expertise. Of course, 
more openings increase carbon dioxide emissions during the construction 
period, which has to be considered. Nonetheless, it is still smaller than the 
carbon footprint of using new building components. Over the last few years, 
coated and insulated windows and doors have increasingly been used as 
openings. They can be installed on-site or prefabricated in the factory. [1] 
 

 Roof 
Containers originally have a flat roof; nevertheless, although sloped roofs can 
be attached in a short time. The roof construction is attached with metal straps 
and welded to the side walls of the container. The existing flat roof is the lowest 
priced option, although a double roof, consisting of the container roof and an 
additional sloped roof can reduce heat transfer through the roof due to the 
buffer area. This phenomenon is particularly intense when the space in 
between is insulated. 
For optical reasons, gypsum plasterboard is usually attached to the inside of 
the container roof. [1] 
 

 Possible applications 
The use of containers in house constructions is manifold in Europe, the USA 
and Australia. They are particularly popular as residential buildings and offices. 
The sizes can vary widely from single-family homes to apartment buildings or 
hotels and up to entire residential areas such as Keetwonen, a student 
residence in Amsterdam. In the case of the latter, 1034 modules are stacked up 
to 5 floors and spread over 12 buildings. [1] [3] 
 
Also, non-residential purposes are possible, as a Children Activity centre 
consisting of 4 containers in South Melbourne, Australia shows. Especially in 
North Africa, shipping containers are often used for non-housing purposes, 
such as public toilets, military barracks or mobile lounges and market stands. 
[1] [4] [3] 
 
Another important application for shipping containers is their use as temporary 
buildings. In particular, after catastrophes, they are fast and inexpensive to 
erect. Moreover, temporary buildings often remain in service longer than initially 
planned, sometimes for several decades. In this case, container structures offer 
a high standard due to their massiveness and prefabrication. Moreover, the 
building can easily be converted from temporary use into a permanent 
residence. [6] [4] 
 
As such, container buildings are classified according to their functional 
properties and can be sorted into post-disaster emergency construction, 
residential as well as hotel and office purpose and educational and commercial 
constructions. Since this thesis focuses on single-family houses, two examples 
of this purpose will be presented below. Both examples are located in different 
climate zones. 
 
One example is a residential house called "Cubes" form 2002. It is located on 
Peaton Hill in Scotland. It has a marine west coast climate (Cfb, according to 
the Köppen classification). The building consists of six 20-foot containers. As 
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shown in Figure 2.3 and Figure 2.4, one side of the building is open, while the 
other sides are closed and have only few small windows. [2] [16] 
 

 
Figure 2.3 Closed façade and surrounding of Cubes" in Scotland [2] 
 

 

 

 
Figure 2.4 Open façade of "Cubes" in Scotland [2] 
 
Another example the Redondo Beach House in California, USA. Its climate is 
very different. The environment has a warm summer mediterranean climate 
(Cfb, according to the Köppen classification). The building itself consists of four 
20-foot containers, two 30-foot containers, and three 40-foot containers and is, 
therefore, larger than the previous example. In addition, the facade of this 
building is much more closed (see Figure 2.6). The windows are smaller or 
covered by large overhangs. There are also large shaded outdoor areas 
provided by loggias as shown in Figure 2.5. [2] [16] 
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Figure 2.5 Entrance Side of Redondo Beach House in California [2] 
 

 

 
Figure 2.6 Overhangs and Loggias of Redondo Beach House in California [2] 
 
In summary, research has already investigated a variety of construction and 
structural areas on the subject of containers as construction elements, the 
question of energy-efficient container houses is hardly discussed. So far, the 
literature only deals with container houses in general, rather than buildings that 
adapt to different climatic conditions and utilize passive architecture. This topic 
is covered in the present thesis. 
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3 Materials and methods 
This thesis pursues the objective of planning three energy-efficient container 
houses covering three different climate zones. 
In order to fulfil this goal in a logical way, the thesis divides thematically into 
three main areas: the elaboration of principles on the processing of containers 
as building materials, the detailed analysis of the climatic conditions of the 
locations and afterwards, based on the two previous parts, the actual planning 
and illustration of the buildings. 
 

 The climatic conditions of the locations 
An important requirement for planning a climate-friendly building is a 
description and analysis of the climatic conditions the building will be exposed 
to. The climatic conditions are described and the temperature, the solar 
radiation, the wind, and the relative humidity are discussed. Based on this, the 
section gives overall construction suggestions suitable for the respective 
climates. Furthermore, the building envelope requirements based on the 
standard ASHRAE 90.1-2010 are explained. 
 
The climate analysis is done using the programme Climate Consultant. A 
program that provides climate data like temperature, humidity, solar radiation, 
and wind speed. In the charts, these values are shown for each hour of a year. 
Not only does the program show the data, but it also organizes topics 
accordingly. It examines the influence of the climate on building design and 
suggests suitable design strategies. The suitable design strategies can later be 
integrated into the design of the buildings. [8] [9] 
 
The Climate Consultant programme uses annual 8760-hour Energy Plus 
Weather data files (EPW) developed by the Department of Energy. This 
meteorological data is available for several locations around the world including 
the three selected locations. [9] 
 
The comfort model chosen to define comfortability for all three locations is 
ASHRAE Standard 55 and Current Handbook of Fundamental Model. [10] 
This model determines comfort by considering the dry bulb temperature, air 
velocity, humidity, mean radiant temperature together with the clothing level 
and metabolic activity. The comfort range is defined by using the Predicted 
Mean Vote (PMV) model. Thereby, the mean radiant temperature inside a 
building will be similar to the dry bulb temperature. Nevertheless, residents can 
increase their comfort range by adapting clothing to seasonal conditions. [10] 
 
Indoor winter clothing is assumed to be 1.0 clo, which is equivalent to a pair of 
long trousers and a sweater. The summer indoor clothing is defined as 0.5 clo 
consisting of shorts and a light top. The activity level on the day is 1.1 Met 
which corresponds to light activity while sitting. The predicted percentage of 
satisfied people is 90 %. For additional details see Appendix 1. 
 
The three climate zones covered in the study are Northern Europe, Central 
Europe, and South Africa. The location to represent the climate conditions of 
Nord Europe is Stockholm. It is located in the south of Sweden and has a 
latitude of 59.65° Nord and a longitude of 17.95° East. The data source is from 
the International Weather for Energy Calculation (IWEC) Data 024600 World 
Metrological Organisation (WMO) Station Number.  
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The climate data for Central Europe are analysed specifically for Berlin. The 
city of Berlin has a latitude of 52.38° North and a longitude of 13.152° East. The 
source of the data is IWEC Data 103840 WMO Station Number.  
The climate data for South Africa are represented by Cape Town. It is located 
in the south of South Africa and has a latitude of 33.98° South and a longitude 
of 18.6° East. Availability are the data with the source IWEC DATA 688160 
WMO Station Number. 
 

 Planning and visualization 
At first a Base Case is developed, a building that functions in all climate zones. 
This Base Case already included climate-related design strategies, which are 
appropriate for all locations but is not yet a detailed design of a building. It can 
rather be seen as a rough functionality of the detached house. From these 
suitable buildings for the three respective climate zones are developed by 
adaptations changes and strong attention of the special climatic conditions. 
Each building considers its own climatic requirements and is optimal for its 
region from an energetic point of view. 
 
The buildings are visualized using the program Sketch Up. Sketch Up is a 3D 
design software that allows 3D modelling in a huge variety of ways and down to 
deep detailing. [11] 
 
To this purpose, the design concepts are explained using the Sketch up Model 
in addition to the textual description of the draft. Moreover, at the end of each 
building description, important architectural plans, such as floor plans, and 
façade are included. 
 
For the design concept, it is necessary to calculate a suitable overhang for 
every location. The overhang should shade the window completely in summer 
but leaves the windows unshaded in winter to utilize the heat.  
 
The Figure 3.1 shows a visualisation of the calculation. The yellow line 
symbolizes the sun and the light grey one the window. The dark grey lines are 
massive components like the overhang.  

 
 
 
 
 
 

 
 
 

The used formula to calculate the zenith angle of the sun for all location is: 
 
Cos Θz = sin δ sin φ + cos δ cos ω   Equation 3.1 
 
Where Θz is the zenith angle of the sun, δ is the declination, φ is the latitude 
(north is positive), and ω is the hour angle (0° at noon, 15° per hour). 
 
The Equation to calculate α is: 

 α =  90°- Θz    Equation 3.2 

Figure 3.1 visualisation of the overhang calculation 
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To calculate the needed overhang the following formula is used: 
 

Tan α = W/O    Equation 3.3 
 
Where W is the length of the window and O is the length of the overhang. 
 
Stockholm 
 
The latitude φ of Stockholm is 59.65° North. 
The declination δ on the 21st of June is 23.45°. 
The hour angel ω for noon is 0°. 
 
Due to Equation 3.1 the zenith angle of the sun is 36.2° and du to Equation 3.2 
α is 53.8°. 
 
The height of the window W is 2.7m and du to Equation 3.3 O is 1.98m. 
 
To shade the south facing window in Stockholm completely on the summer 
solstice on the 21st June the overhang has to be 2 m long. 
 
Berlin 
 
The declination δ on the 21st of June is 23.45°. 
The latitude φ of Berlin is 52.47° North. 
The hour angel ω for noon is 0°. 
 
Due to Equation 3.1 the zenith angle of the sun is 29,02° and du to Equation 
3.2 α is 60.98°. 
 
The height of the window W is 2.7m and du to Equation 3.3 O =  1.498m. 
 
To shade the south facing window in Berlin completely on the summer solstice 
on the 21st June the overhang has to be 1.5 m long. 
 
Cape Town 
 
The latitude φ of Cape Town is 33.98 South°. 
The declination δ on the 21st of June is 23.45°. 
The hour angel ω for noon is 0°. 
 
Due to Equation 3.1 the zenith angle of the sun is 10.53° and du to Equation 
3.2 α is 79.47°. 
 
The height of the window W is 2.7m and du to Equation 3.3 O is 0.50m. 
 
To shade the north facing window in Cape Town completely on the summer 
solstice on the 21st December the overhang has to be 0.5 m long. 
 
The section finishes with a summarize of the results of the planning process 
and also describes which climate-related design strategies make sense for 
which climate zones.  
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4 Results and discussion 
In order to structure the thesis in the most reasonable way, it is organized as 
explained below. At first, the construction characteristics of containers are 
explained. The climate of Stockholm is analysed and immediately afterwards 
the planning of the corresponding single-family house is given. Afterwards the 
climate of Berlin is explained and as well the design for the building. The 
approach for Cape Town is identical. This is done in order to use the climate 
analysis direct as a planning framework. However, the Base Case, which 
serves as the foundation for all three planning scenarios, is merely explained 
once in the Stockholm section, as it does present no further changes. The 
description and visualization of the plans are followed by the summarized 
results. The thesis finishes with a conclusion. 
 

 North Europe 

4.1.1. Climate analysis of North Europe 
As mentioned above the climate conditions for North Europe is represented by 
Stockholm, the capital of Sweden. The climatic values of the location are 
presented in Appendix 2-4. Based on the prevailing climatic conditions, the 
design and construction methods for a climate-conscious building are 
developed. 

Climate conditions 
 
Temperature 
In Stockholm, the average annual temperature is around 7°C. The coldest 
month is January with a mean temperature of -4°C and the minimum 
temperature of the year is -17°C. The warmest temperature of the year is 27°C 
and occurs in June. The warmest month is July with an average temperature of 
17°C. This means that temperature differences up to 44°C can occur within a 
year. Only the summer months of May, June, July and August does outdoor 
temperatures reach comfortable levels.1 In Stockholm, seasonal temperature 
variations are very pronounced. Altogether it has the coolest temperatures of 
the three locations (see Appendix 3). [10] 
 
Radiation 
Radiation is strongly dependent on the season. In the summer months, it is 
considerably higher than in the winter month. This is valid for direct radiation 
normal to the sun as well as for diffuse radiation. For instance, while the direct 
radiation normal to the sun in June is 3669 Wh/m2 per day total, in January it is 
only 362 Wh/m2 per day total. The average annual value for direct normal 
radiation is about 2127 Wh/m2 per day and the average annual value for diffuse 
radiation is approximately 2502 Wh/m2 per day. Therefore, the radiation is 
slightly higher than in Berlin but far lower compared to the radiation in Cape 
Town (see appendix 2). [10] 
 
Wind 
The average wind speed is approximately 3 m/s. However, maximum values of 
over 30 m/s can be reached, but they are extremely rare. In all months except 
March, the minimal value is 0 m/s. The windiest months are January, February, 
and March. In general, though, the seasonal influences on wind speeds are 
                                            
1 Comfortable outside temperatures are valued with 20 to 27°C in accordance with "Climate 
Consultant". 
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low. Stockholm has the lowest wind speed of the three compared cases (see 
Appendix 2 and 4). [10] 
 
Relative humidity 
The annual average relative humidity in Stockholm is around 78 %. At the same 
time, it is higher in the winter month with average values of 88 % in December 
and 90 % in February than in the summer months. For example, May with 63 % 
and June with 68 % average humidity. The relative humidity in Stockholm is the 
highest of the three analysed cases (see Appendix 2). [10] 

Ensuing design strategies 
 
Psychometric chart 
The psychometric chart, as shown in Figure 4.1, describes the hours in a year a 
human is feeling comfortable under certain conditions. Every point shows the 
temperature and relative humidity of one of the over 8000 hours of a year. The 
coloured areas highlight design strategies and the number of hours they affect. 
[9] 
 
The climate conditions in Stockholm naturally provides a comfortable 
environment in 4.5 % of the time (392 h per year). In order to increase this 
amount, various passive design strategies can be selected. The strategies that 
provides a positive impact in this thermal environment are the use of internal 
gains, shading of windows and passive solar direct gain of low mass or passive 
solar direct gain of high mass. With these design strategies, the satisfaction 
rate can be increased up to 33 % of the year. To achieve a comfortable level of 
100 % of the time, the rest of the percentage is achieved with additional 
heating. [10] 
 

 
Figure 4.1 The psychometric chart for Stockholm [10] 
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Design and construction suggestions according to climatic conditions 
 
According to the design strategies developed above, concrete construction and 
layout proposals can be developed based on the suggestions of Climate 
Consultant. 
 
In cold climate zones, it is advisable to build as small and compact as possible 
to avoid heat loss through the building envelope. A multi-story, compact design 
is the best solution. [10] 
 
A well-insulated and tight building envelope is also important as shown in 
Figure 4.2. It prevents heat losses in general, and retains the internal heating 
gains form humans, and equipment. The insulation keeps the inside 
temperature even and increases the comfort for the occupants. The thermal 
mass does not have to be too heavy to be able provide fast heat accumulation 
in morning. It could consist of a lightweight building construction combined with 
heavy tiles or slabs to store heat from solar radiation in winter. [10] 

 
Figure 4.2 Small and good isolated shells help to save the internal heat gain. 
[10] 
The correct application of windows is of particular importance for both for heat 
generation and for the avoidance of heat losses. In order to use passive solar 
thermal energy, the majority of the glass surface should face south in order to 
maximize solar radiation in winter. In this case, it is important to plan an 
overhang for shading the windows in summer. The number of windows in the 
north, the west, and the east should be reduced to a minimum to avoid heat 
loss. This design strategy is also explained in Figure 4.4. Accordingly, windows 
with very low thermal transferability (U-value) should be used on the west, north 
and east sides, but clear windows (high g-vlaue) should be in the south 
direction to achieve a maximum passive solar effect. In Stockholm, it can 
become very cold at night with temperatures below -10°C in winter times, so it 
is particularly important to install insulated shutters or blinds as shown in Figure 
4.3 to reduce heat loss at night. [10] 
 
The floor plan design was given to ensure the winter sun penetrates into the 
common rooms. It, therefore, makes sense to locate living spaces on the south 
side and locate secondary rooms along the other three exterior walls. Thus, 
they can function as an additional thermal buffer area. An example is shown in 
the floor plan in Figure 4.4. [10]   
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Figure 4.3 Insulated shutters and curtains help to prevent heat loses at night 
[10] 
 

 
Figure 4.4 South orientation of most windows and the living areas [10] 
 
As shown in Figure 4.5 a pitched roof with a ventilated attic above a highly 
insulated ceiling is recommended as the roof. [10]  
Furthermore, whenever other materials for construction than the container are 
needed, it is particularly important to pay attention to materials. Materials 
commonly found or produced nearby are to be preferred. 
 
 

 
Figure 4.5 A pitched roof with an insulated ceiling and a vented attic [10]  
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Building envelope requirements 
 
The standard ASHRAE 90.1-2010 provides recommended building envelope 
requirements for buildings at different locations worldwide. According to this 
standard Stockholm is located in the international climate zone 6 and therefore 
has a very cold and as well humid to dry climate. The classification for this 
climate zone results in requirements for the building envelope. These 
specifications are listed in Table 4-1 for the use of residential purposes. 
Thereby the building components are named together with the required 
maximum overall heat transfer coefficient (U-value). [12] 
 
Table 4-1 Maximum U-value of the building components in Stockholm accruing 
to ASHRAE 90.1-2010 [12] 

Building component Maximum U-value 
[W/(m2 K)] 

Roof   
 Insolation entirely above deck 0.048 
 Metal building 0.049 
 Attic and other 

 
0.027 

Walls above grade   
 Mass 0.071 
 Metal building 

 
0.069 

Floors   
 Mass 0.057 
 Steel joists 0.032 
 Wood framed and other 

 
0.033 

Opaque doors   
 Swinging and nonswinging 

 
0.500 

Vertical glazing   
 Non-metal framing (all) 0.35 
 Metal framing 

(curtainwall/storefront) 
0.45 

 Metal framing (entrance door) 0.80 
 Metal framing (all other) 0.55 
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4.1.2. Basic design concept 
In the following chapter, the design concept for Stockholm is shown and 
described. First, the Base Case, which works as a theoretical foundation for all 
three locations is explained. 

Base Case 
 
The Base Case serves as the basis to all three designs, which are further 
optimized to their respective the locations. This procedure simplifies and 
expedites both the planning and the construction process. Especially in the field 
of prefabrication, many processes can be combined and therefore simplified. 
As a result, not only time and money are saved, but also material resources 
and energy.  
 

 
The basic building consists of four 40ft High Cube Shipping Containers and two 
20ft High Cube Shipping Containers as shown in Figure 4.6. In climatic zones 
where heating is required, it is advisable to keep the building compact in order 
to minimise heat losses over the building surface. Therefore, the basic concept 
consists of two floors and the containers are stacked (see Figure 4.7).  
The social and functional rooms such as the kitchen and living rooms are on 
the ground floor and the private areas with three bedrooms are on the upper 
floor. The zoning of the two stories are explained in Figure 4.9 and Figure 4.8. 
 
  

Figure 4.7 Used Containers in the model 

Figure 4.6 Functionality of the floors and shifting of the second floor 
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Figure 4.8 Zoning of the ground floor  

 

 

 
 
Figure 4.9 Zoning of the second floor 
 
The containers are opened on the short side rather than on the long side. This 
corresponds to the original structure of shipping containers, as the door for the 
loading of the containers was located on this side (see Figure 4.10 and Figure 
4.11). As shown in Figure 4.6 the containers forming the upper floor are slightly 
offset, resulting in an overhang and shading of the windows beneath during the 
summer months. These large windows are orientated towards the equator. 
Behind them are the permanently occupied rooms. In this way they achieve the 
best lighting and are warmed up by the incoming sun in winter. On the opposite 
side short occupied rooms are located such as bathrooms and storage areas. 
In this way, they constitute a thermal buffer. 
 
 

 
Figure 4.10 Shipping 
container with open doors [13] 
 

 
Figure 4.11Modified shipping container with 
windows on the place of the former doors 

As no concrete site was specified, a rural environment was assumed. This 
environment offers advantages in solar use, but also challenges due to higher 
wind loads. 
 
The type of foundation must be chosen individually according to the conditions 
of the site and cannot be decided in general. For the future cases, a mat 
foundation will be used as an example is sufficient for most cases and is 
relatively simple to produce.  
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4.1.3. Design strategies for North Europe 
The design concept in Stockholm is based on the basic design strategies 
described above. In this paragraph, further design concepts special for 
Northern Europe will be explained. The focus is on the strategies that 
distinguish this concept from the designs in the two other climate zones. 
Therefore, only the design strategies supplementing the basic concept will be 
explained. The basic concept is assumed to be known. 
 

 
Figure 4.12 Functionality of the south-eastern façade, Stockholm 
 

 
Figure 4.13 Functionality of the north-western façade, Stockholm 
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Figure 4.14 Functionality of the ground floor, Stockholm 
 

Zoning 
The room structure explained in the basic concept is adopted and put into 
practice here. It is important to ensure that the entrance area is designed as a 
closed individual room. It prevents draughts and reduce infiltration. Through 
this, the heat loss during the winter months can be reduced (see Figure 4.14). 
 

Window orientation and implementation 
By orienting the majority of windows towards southerly direction, solar heat can 
be captured and heating demand in winter reduced. In this case, windows with 
the best possible solar transmittance (high g-value) should be installed in order 
to maximise the solar yield. With the help of this passive solar energy in the 
form of direct gain, comfortable temperatures can be archived for an additional 
10% of the year (see Figure 4.1 and chapter 4.1.1 climate Analysis of north 
Europe - Psychometric cart of Stockholm). However, the correct arrangement 
of the windows is also important to avoid heat losses, therefore very few small 
windows are located to the east and west side and none to the north. These 
windows are planned to have a low heat transfer coefficient (low U-value) to 
avoid additional heat losses. These design strategies are visualised in Figure 
4.12, Figure 4.13 and Figure 4.14. 
 
Overhang 
With this kind of window arrangement, though, it is particularly important to 
create a suitable overhang, which shades the windows in summer to avoid 
overheating but allows the winter sun to penetrate. This overhang is ideally 2m 
in length for Stockholm. (calculation see 3 Materials and methods; visualisation 
see Figure 4.12). 
Shutters 
As the winter nights in Stockholm can get very cold with temperatures as low as 
-17°C, it is especially important to avoid heat losses through windows. 
Therefore, insulated outdoor shutters as shown in Figure 4.12 and Figure 4.13 
are recommended. Those are in the form of upwards folding shutters. 
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Insulation 
In order to avoid heat losses through the envelope, thick and air-tight insulation 
is very important in cold regions such as North Europe. In addition, internal heat 
of people and equipment can be used as a source of heat. In Stockholm, the 
insulation is done as external insulation. With the use of external insulation, it is 
far less complicated to create a shell without thermal bridges. In addition, the 
insulation can be made very thick. 
 

Thermal mass of the building and of the internal finish 
The thermal mass of the building is of medium weight. Due to a moderate-
heavy construction method, the heat can accumulate quickly in the winter 
months, but solar gains can still be stored in the construction. Most of the 
further necessary construction is carried out in lightweight structure just the 
floor covering is heavy. Regional products and traditional construction methods 
are to be preferred for interior design. The additional interior construction 
elements are made in the common Scandinavian timber-frame construction 
method. The container walls are remained without cladding, but are painted. A 
clay-based plaster and paint is suitable, as it offers a warmer surface than steel 
and a slightly sound-absorbing effect. These principles are shown in Figure 
4.12. 
 

Cooling 
No additional cooling is required in Stockholm if designed appropriate, 
especially in the case of summer shading of the southern windows, as the 
temperatures are almost never above the comfortable range (see Appendix 3 
and chapter 4.1.1 Climate analysis for north Europe – Temperature). 
 

Façade 
The use of additional materials for the containers is based on the preference of 
regional materials and the traditional method of construction. Therefore, above 
the insulation lies a wooden cladding, which it is common in Scandinavia. Wood 
is also available as a renewable raw material in the region. The façade is 
shown in Figure 4.12 and especially in Figure 4.13. 
 

Roof 
The roof is constructed in the form of a gable roof. This is ideal for the region 
with heavy rain and snow load. In addition, the southern part of the roof is 
suitable for solar cells. The slope of the roof is adjustable to the appropriate 
angle for solar cell use. The steel ceiling of the container has to be heavily 
insulated from the outside. Above this, a ventilated attic is positioned (see 
Figure 4.13) 
 
In Figure 4.15 the layout for the ground floor and in Figure 4.16 for the upper 
floor is shown. The site layout and as well the landscaping is visualised in 
Figure 4.17. In Figure 4.18 till Figure 4.21 all four elevations are presented. 
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Architectural plans 
 

Figure 4.15 Ground floor, Stockholm 

Figure 4.16 Upper floor, Stockholm 

Figure 4.17 Roof view, Stockholm 
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Figure 4.18 Elevation West, Stockholm 

   
Figure 4.19 Elevation North, Stockholm Figure 4.20 Elevation South, Stockholm 

Figure 4.21 Elevation East, Stockholm 
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 Central Europe 

4.2.1. Climate analysis of Central Europe 
The climatic conditions for Central Europe are, as already noted, represented 
by Berlin, the capital of Germany. 
 

Climate conditions 
 
Temperature 
 
The average annual temperature in Berlin is 10°C. February is the coldest 
month with an average temperature of 0°C and the minimum temperature of -
9°C. The warmest temperature of the year is 33°C in June, and the warmest 
month overall is July with an average temperature of 19°C. In other words, 
temperature differences of up to 42°C are possible over the course of a year. 
During the summer months of May, June, July, August, and September, 
comfortable outdoor temperatures are only archived partly.2 The seasonal 
temperature variations are highly noticeable. In Berlin, the temperatures are 
higher than in Stockholm but lower than in Cape Town (see Appendix 6). [10] 
 
Radiation 
 
In general, the radiation is very seasonal. It is significantly higher in the summer 
months compared to winter. This applies to both direct solar radiation and 
diffuse radiation. While in June the direct normal irradiance is 3373 Wh/m2 per 
day, in January it is only 289 Wh/m2 per day. In General, the average annual 
value for direct normal radiation is about 1924 Wh/m2 per day and the average 
annual value for diffuse radiation is about 1599 Wh/m2 per day. The values for 
radiation in Berlin are slightly lower than in Stockholm and far lower compared 
to the values of Cape Town (see Appendix 5). [10] 
 
Wind 
 
The mean wind speed is approx. 3.6 m/s are achieved in Berlin. Nevertheless, 
the maximum values of 20 m/s can be reached. The minimum value is 0 m/s in 
all months. In the months of January and March, the strongest wind occurs on 
average. The seasonal influences on wind speeds are generally low. The wind 
speed in Berlin is higher than in Stockholm but lower than the one in Cape 
Town (see Appendix 5 and 7). [10] 
 
Relative humidity 
 
Berlin's annual average relative humidity is circa 73%. As in Berlin, the values 
in the winter months are higher than in summer, with average values of 86% in 
December and 80% in January. In contrast, in June 64% and July 63% average 
humidity are reached. With this value, the relative humidity is slightly lower than 
in Stockholm, but still very similar. It is higher than in Cape Town (see Appendix 
5). [10] 
 
  

                                            
2 Comfortable outside temperatures are valued with 20 to 27°C in accordance 
with "Climate Consultant". 
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Ensuing design strategies 
 
Psychometric chart 
 
The psychometric chart describes the hours in a year during which a human 
being feels comfortable in Berlin under certain conditions as seen in Figure 
4.22.  
 
The climatic conditions in Berlin naturally provide a pleasant environment in 8 
% of the time (703 h per year) without any design interventions. To increase 
this amount, various passive design strategies can be chosen. In Berlin, a small 
demand for cooling exists. In this context, different strategies are proposed 
which all have the same effects and therefore do not need to be combined. 
These solutions are high thermal masses optimally flushed at night, direct 
evaporative cooling or two-stage evaporative cooling. A far higher amount of 
time the building has to be heated. Suitable concepts for heat generation are 
the use of internal heat gain, passive direct gain with lower or even better high 
mass and wind protection in outdoor areas. With an effective combination of 
these design strategies, the comfortable level can be increased up to 40% of 
the time. For 100 % comfort, the building requires heating in the remaining 
times. 
 
 

 
Figure 4.22 The psychometric chart for Berlin [11] 
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Design and construction suggestions according to climatic conditions 
 
Based on the design strategies developed earlier, specific construction and 
layout suggestions from the program Climate Consultant can be drawn up now. 
The climate in Berlin has a lot of similarities to that in Stockholm. Therefore, 
many design strategies for Stockholm are particularly suitable for Berlin's 
climatic conditions. 
 
In Berlin too, it is reasonable to have a small and dense building. As the 
temperatures are far below the comfortable level for the most time of the year a 
good insulation of the building envelope is essential. In contrast to Stockholm, 
Berlin also has some months with high temperatures when cooling has to be 
considered. Therefore, in Berlin, a high thermal mass in the interior is useful to 
cool in summer, but also to store the passive solar heat in winter. It can consist 
of interior surfaces with high thermal mass such as ceiling floors or walls (see 
Figure 4.23). [10] 

 
In Berlin, special attention must be paid to the positioning of the windows, as 
they play a significant role in heat gain and preventing heat losses in winter, 
too. The majority of the windows should face south and the glass has to have a 
good radiation transmittance to use passive solar energy. It is important to 
create an overhang to shade the windows during summer.  
The number of windows in the north, west, and east shall be reduced to a 
minimum and have a low thermal transfer to avoid heat losses. In Berlin, it also 
makes sense to align the living spaces on the south side and the secondary 
rooms on the other walls in order to use them as a thermal buffer This strategy 
is exemplarily shown in Figure 4.24. 
But in contrast to Stockholm, the average temperature in Berlin during the 
winter nights is only slightly below 0 degrees Celsius. That's why blinds, 
curtains or roller shutters are still recommended, but they don't have to be as 
heavy as in Stockholm. [10]  
 
Another special characteristic to be noted for Berlin is a relatively high wind 
load at cold temperatures. For this reason, special care must be taken to avoid 
heat losses due to the wind. The wind load can be reduced by skilful garden 
design, such as the planning of dense planting like in Figure 4.26. In the 
entrance area, a vestibule or an air locks entrance is essential to minimise 
infiltration and prevent draughts. This principle is shown in Figure 4.25. In 
general, the building should be carefully sealed to minimise the ingress of 
moisture, but also to avoid infiltration. Nevertheless, it must be taken 
intoaccount that in air-tight buildings, ventilation with heat-or energy-recovery is 

Figure 4.23 example of a massive construction with insulation [10] 
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necessary in order to guarantee a pleasant room quality and save energy at the 
same time. These design ideas could also be useful in Stockholm but are 
essential in Berlin. [10] 
 

 The most recommended roof is a pitched roof with a ventilated attic above a 
highly insulated ceiling. [10] 
 
In addition, it is very important to use materials from the surrounding area. 
Preference should be given to materials that are abundant or produced in the 
region or vicinity. 

 
Figure 4.25 vestibule entries work as air locks [11] 
 

 
Figure 4.26 exterior wind shields protect the building from cold winds [10] 
 
  

Figure 4.24 South orientation of most windows and the living areas [11] 
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Building envelope requirements 
 
The recommended building envelope requirements provided by the standard 
ASHRAE 90.1-2010 are explained here for the location Berlin and for 
residential buildings. According to this standard, Berlin is located in the 
international climate zone 5 and therefore has a cold and humid to dry climate. 
The classification into this climate zone results in specifications for the building 
envelope. These specifications are listed in Table 4.2 and initially, the 
components are named and subsequently the appropriate maximum U-value. 
[12] 
 
Table 4-2 Maximum U-value of the building components in Berlin accruing to 
ASHRAE 90.1-2010 [12] 

Building component Maximum  
U-value 
[W/(m2 K)] 

Roof   
 Insolation entirely above deck 0.048 
 Metal building 0.055 
 Attic and other 

 
0.027 

Walls above grade   
 Mass 0.080 
 Metal building 

 
0.069 

Floors   
 Mass 0.064 
 Steel joists 0.038 
 Wood framed and other 

 
0.033 

Opaque doors   
 Swinging and nonswinging 

 
0.500 

Vertical glazing   
 Non-metal framing (all) 0.35 
 Metal framing 

(curtainwall/storefront) 
0.45 

 Metal framing (entrance door) 0.80 
 Metal framing (all other) 0.55 
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4.2.2. Design strategies for Central Europe 
 
The design concept in Berlin is based on the Base Case described in section 
4.1.2. Design concept – Base Case. In the following chapter, specific design 
strategies for the positioning in Central Europe will be developed. The focus will 
be on the strategies that distinguish this concept from the other climate zones. 
Therefore, only the design strategies supplementing the basic concept are 
explained here. The Base Case is assumed to be known. 
 

 
Figure 4.27 Functionality of the south-eastern façade, Berlin 
 

 
Figure 4.28 Functionality of the north-eastern façade, Berlin 
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Figure 4.29 Functionality of the ground floor, Berlin 
Zoning 
The layout of the room which was explained in the basic concept is adopted 
and put into practice here. Like in Stockholm, the entrance area is designed as 
a separate closed room. It functions as a vestibule and thus minimizes 
infiltration and prevent draughts like shown in Figure 4.29. This leads to a 
significant reduction in heat losses in winter. 
 
Window orientation and implementation 
The window orientation in Berlin is very similar to the one in Stockholm. Like 
there, the south façade will be almost completely glazed to obtain the maximum 
amount of passive solar energy and to decrease the heating demand in winter. 
Towards the south, windows with good solar transmittance (high g-value) are 
installed to increase solar gain. 
Also, for Berlin, only a few windows are located in the west and east direction. 
In the northern direction, no windows are planned in order to avoid heat losses. 
The small amount of required windows in this directions have a low heat 
transfer coefficient (low U-value). This design strategies are illustrated in Figure 
4.27, Figure 4.28 and Figure 4.29. 
Overhang 
A window area of this size facing south may lead to overheat in summer. To 
avoid the risk of overheating, an overhang must be provided to shade the 
windows during summer completely. In order to ensure the thermal gains in 
winter, it cannot be carried out in any length. A suitable size for both seasons is 
1.5 m. With this length, the overhang in the model is planned and visualised in 
Figure 4.27 (calculation see 3 Materials and methods). 
Shutters 
In order to avoid the nightly heat loss through the windows, insulated internal 
shutters are planned like in Figure 4.28. Although these are not as efficient as 
external shutters, they are less complicated to use both in terms of application 
and construction. Besides, they are enough for the climatic conditions in winter, 
as it is only 0°C cold on average in the coldest months. 
 
Thermal mass of the building and of the internal finish 
The construction of the building is designed as a heavy thermal mass in order 
to reduce temperature fluctuations and prevent overheating. For this purpose, 
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the additional components, such as wall, floor and ceilings, are made of 
massive materials. The floor covering consists of stone slabs and tiles and thus 
offers additional thermal mass. 
The walls of the containers remain without cladding but are painted. A suitable 
plaster and paint for this is based on clay, as this provides a warmer surface 
than the steel and also has a slightly sound-absorbing effect. Additional sound-
absorbing elements are provided, in form of local carpets and textile furniture. 
The principle is shown in Figure 4.29 more detailed. 
 
Cooling 
For cooling during the warm summer months, the container building will be 
constructed in heavy construction. The thermal mass can store the heat on the 
day and emits it with delay. As a result, the maximum temperatures are 
moderated. Because of the heavy construction, the house has its own passive 
cooling system, especially if it is naturally ventilated at night. This cooling 
method is satisfactory if the southern windows are shaded correctly, as there is 
only a risk of overheating on very few days (see Appendix 7 and section 4.2.1 
Climate analysis for central Europe – Temperature). 
 
Insulation 
Since temperatures in Berlin are below the comfortable range for most part of 
the year, good thermal insulation is essential. It avoids thermal losses over the 
surface of the building and helps to use the internal heat of people and 
equipment as a heating source. The insulation is implemented as external 
insulation on the outside surface of the construction. Berlin is affected by high 
wind speeds and care is also taken to ensure that the building envelope is 
particularly tight to prevent wind-induced heat loss. 
 
Façade 
When supplementing the containers with further construction elements, the 
orientation is towards the traditional construction method. Therefore, the 
insulation is covered with a layer of plaster paint, which is common practise in 
the region. The façade is visualized and explained in Figure 4.27. 
 
Roof 
As already explained for Stockholm, a gable roof is planned to deal with the 
heavy rain and snow in Central Europe. Furthermore, in this way, the southern 
slope of the roof can be used for solar cells. The slope of the roof is adjustable 
to the ideal angle of the solar cells. For this construction, the steel ceiling of the 
container is insulated from the outside with a ventilated attic above (see Figure 
4.28). 
 
Outside area 
Since there is a strong wind pressure in Berlin, trees and bushes are planted on 
the east, west and north sides as shown in Figure 4.28. They serve as wind 
protection and minimize the wind-induced heat loss in winter. No large trees are 
planted on the south side as to avoid shading in winter. 
 
Figure 4.30 shows the floor plan for the ground floor and Figure 4.31 for the 
upper floor. The site plan and the landscape are shown in Figure 4.32. Figure 
4.33 to Figure 4.36 shows all four elevations.   
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Architectural plans  

Figure 4.30 Ground floor, Berlin 

Figure 4.31 Upper floor, Berlin 

Figure 4.32 Roof view, Berlin   
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Figure 4.33 Elevation West, Berlin 

   
Figure 4.34 Elevation North, Berlin              Figure 4.35 Elevation South, Berlin 

 
Figure 4.36 Elevation East, Berlin   
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 South Africa 

4.3.1. Climate analysis of South Afrika 
The climatic conditions for South Africa are given by the data form Cape Town. 
 

Climate conditions 
 
Temperature 
 
Cape Town’s average annual temperature is 17°C. The coldest month of the 
year is July, with an average temperature of 12°C and a minimum annual 
temperature of 1°C. The warmest temperature of the year is 34°C in February, 
and the warmest month overall is also reached in February with an average 
temperature of 21°C. This means that temperature differences of up to 33°C 
are possible over the course of a year. During each month, comfortable outside 
temperatures are partially reached. The seasonal temperature fluctuations a bit 
but far less than in the cases above. The temperatures in Cape Town are by far 
the highest, but also the temporary fluctuation is lower than in the other two 
cases (see Appendix 8). [10] 
 
Radiation 
 
The intensity of radiation in Cape Town is influenced by the seasons as well. In 
the summer months, it is higher than in winter. This is true for not only direct 
solar radiation but also for diffuse radiation. As an illustration, the direct 
radiation normal to the sun is explained. While this radiation in January is 7511 
Wh/m2 per day, in July it is only 2823 Wh/m2 per day. The average annual 
value for direct radiation normal to the sun is 5280 Wh/m2 per day and the 
average annual value for diffuse radiation is 1733 Wh/m2 per day. With these 
values, radiation in Cape Town is by far the highest of the three cases (see 
Appendix 9). [10] 
 
Wind 
 
In Cape Town, average wind speeds of 4.8 m/s are recorded. Still, maximum 
wind speeds of approximately 28 m/s can be reached but are very rare. The 
minimum wind speed in all months is 0m/s. In the summer months of January 
and November, the strongest wind occurs in the mean value of 7 m/s. The 
seasonal influences on the wind speeds are higher than in the other cases. In 
addition, the wind speed is generally higher (see Appendix 9 and 10). [10] 
 
Relative humidity 
 
In Cape Town the annual average relative humidity is about 67 %. The values 
are just slightly higher in the winter months with average values of 76 % in July 
and 78 % in August. In comparison, the summer months have only marginally 
less humidity at 68 % in January and 69 % in February. In Cape Town, the 
relative humidity is the lowest of the three cases, and the fluctuation between 
summer and winter is much lower compared to Stockholm and Berlin (see 
Appendix 9). [10] 
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Ensuing design strategies 
 
Psychometric chart 
 
The psychometric chart of Cape Town in Figure 4.37 describes the hours in a 
year during which a human being feels comfortable under certain conditions. 
Naturally, the climatic conditions in Cape Town provide a pleasant environment 
in 17.2 % of the time (1503 h per year). Different passive design methods can 
be chosen to increase the level of comfort. Among other things it is necessary 
to cool the building. Different strategies are suggested in this context. 
Strategies include high thermal masses with night flush, direct evaporative 
cooling, two-stage evaporative cooling or natural ventilation cooling. Further 
suitable concepts for heating are the use of passive direct gain with high 
thermal mass and sun protection of the windows. With these strategies’ the 
thermal comfort can be increased to 87 % of the year. Therefore only 13 % of 
the time additional heat is needed to reach a comfortable level during the year. 
[10] 
 

 
Figure 4.37 The psychometric chart for Cape Town [10] 
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Design and construction suggestions according to climatic conditions  
 
Even through the temperatures never drop below 0 degrees Celsius, conditions 
are still often below a comfortable level and heating is necessary. Hence, good 
insulation and thigh construction in Cape Town is important to avoid heat 
losses, but also to maintain internal heat gains from lighting, human beings, 
and other devices. [10] 
 

 
Figure 4.38 For moderate climates, this type of building offers openness for 
cooling ventilation, shade through overhangs and passive solar gains in the 
winter [10] 
 
Another way to gain energy-efficient heat in winter is to orient the windows 
carefully. In order to obtain passive solar heat, most glass surfaces in 
combination with good transmittance should face north. 3 In this case, it is 
particularly important to plan suitable overhangs that completely shade 
windows in the summer (see Figure 4.39). On the other walls, as few windows 
as possible should be installed and if necessary, with low heat permeability. 
The floor plan has to be designed in such a way that the winter sun penetrates 
into the rooms used during the day. The design strategy is illustrated in Figure 
4.38. [10] 

            
Figure 4.39 Latitudes dependent overhangs create season-related shadows of 
the windows [10] 
 
Since summer temperatures are above the comfortable range, great attention 
must also be paid to cooling as well. One possibility is to arrange doors and 
window openings on opposite sides of the building to allow cross ventilation. 
The functionality of cross ventilation is explained in Figure 4.40. As a result, 
good natural ventilation can reduce or prevent air conditioning in warm weather 
if the windows are well shaded and oriented to the prevailing breeze. [10]  
  

                                            
3 Note the reversal of cardinal points in the southern hemisphere 
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Figure 4.40 Openings in opposite directions allow cross ventilation [10] 
 
For both heating and cooling, the use of a high thermal mass is advantageous. 
In this way, passive solar gain captured during the winter days can be stored 
for the night. In addition, natural ventilation can be used for night cooling with 
high thermal mass to reduce or eliminate the need for air conditioning. Diurnal 
temperature variations are reduced. This is done in the form of high-quality 
interior surfaces such as tiles, slate, stone, brick or clay (see 4.41). [10] 
 
For the climatic conditions in Cape Town, a deep-pitched roof with a wide 
overhang is well suited. [10] 
 
Furthermore, the use of materials from the environment is very important. 
Preference is given to materials that are abundant or produced in the region. 
 

 
Figure 4.41 Temperature swings are reduced depending on the thermal mass 
[10] 
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Building envelope requirements 
 
The standard ASHRAE 90.1-2010 provides recommends for the building 
envelope requirements. Described here for the Cape Town location and for 
residential buildings. According to this standard Cape Town is located in the 
international climate zone 4 and therefore has a warm and dry to medium 
humid climate with maritime influences. As a result of the classification into this 
climate zone, specifications for the building envelope result. These 
specifications are listed in Table 4-3 and first, the components are named 
followed by the corresponding maximum U-values. [12] 
 
Table 4-3 Maximum U-value of the building components in Cape Town 
accruing to ASHRAE 90.1-2010 [12] 

Building component Maximum U-value 
[W/(m2 K)] 

Roof   
 Insolation entirely above 

Deck 
0.048 

 Metal building 0.055 
 Attic and other 

 
0.027 

Walls above grade   
 Mass 0.090 
 Metal building 

 
0.084 

Floors   
 Mass 0.074 
 Steel joists 0.038 
 Wood framed and other 

 
0.033 

Opaque doors   
 Swinging 0.700 
 Nonswinging 

 
0.500 

Vertical glazing   
 Non-metal framing (all) 0.40 
 Metal framing 

(curtainwall/storefront) 
0.50 

 Metal framing (entrance door) 0.85 
 Metal framing (all other) 0.55 
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4.3.2. Design strategies for South Afrika 
 
The design concept for Cape Town is based on the Base Case as outlined in 
chapter 4.1.2. Design concept – Base Case. The focus is on strategies that 
distinguish this concept from other designs in Northern and Central Europe. 
Only design strategies complementing the basic concept are explained. It is 
assumed that the Base Case is established. 
 

 
Figure 4.42 Functionality of the north-western façade, Cape Town 
 

 
Figure 4.43 Functionality of the south façade, Cape Town 
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Figure 4.44 Functionality of the ground floor, Cape Town 

Zoning 
For this concept as well, the building layout explained in the basic concept is 
adopted and implemented in practice. Contrary to the two previous concepts, 
the entrance area is not designed as a separate room. Instead, it opens up. An 
enclosed room is not necessary due to thermal reasons and therefore it is 
planned in the modern open construction method preferred by most residents 
(see Figure 4.44). 
 

Window orientation and implementation 
In Cape Town, the energy of the sun is used for heating. By activating passive 
solar energy in the form of direct gain, comfortable temperatures can be 
archived in the building for an additional 30% of the year, see Figure 4.37 and 
chapter 4.3.1 Climate analysis of South Afrika - Psychometric cart of Cape 
Town. Due to the almost complete glazing of the northern facade, the heat 
demand in winter is greatly reduced. In this facade windows with a good solar 
transmittance (high g-value) built in to maximize solar gain. 
To avoid heat losses in winter but also overheating in summer, only very few 
and small windows are located in eastern and western direction. Also, in 
southern orientation the number and size of windows are small. These windows 
have a low heat transfer coefficient (low U-value) preventing heat transport 
through the windows. The window orientation and placement is illustrated in 
Figure 4.42 and Figure 4.43. 
 
Overhang 
A window orientation, as described above, poses a risk of overheating in the 
summer. To eliminate this problem, it is important to create a suitable overhang 
that shades the northern windows in summer. However, it is important not to 
make it too long so that the low winter sun can still enter. An overhang of 0.5m 
is planned, the optimal length for Cape Town (visualization see Figure 4.42 and 
calculation see 3 Materials and methods). 
 
Shutters 
The shutters in Cape Town are designed as interior shutters as in Figure 4.42. 
This is quite sufficient for the thematic condition since the average temperature 
in the coldest months is always above 10°C.   
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Thermal mass of the building and of the internal finish 
In summer and winter months, heavy construction in Cape Town is an 
advantage. It compensates for temperature fluctuations and prevents 
overheating. In order to provide enough thermal mass, additional required 
components, such as wall, floor, and ceiling are solidly constructed. The walls 
consist of compressed clay blocks as common in the traditional building 
construction. The blocks are made of a medium moist mixture of clay and sand, 
which is compressed under high pressure. This structure has a load-bearing 
function and consumes 3-5 times less energy than the production of classic 
bricks. [14] [15] 
The floor covering consists of stone and tiles, offering additional thermal mass. 
The visual description of the thermal mass is given in Figure 4.44. 
Also, in the winter months, a heavy construction offers advantages by storing 
the solar heat gains during the day for the night. 
The container walls remain uncladded but painted. A suitable plaster and paint 
for this are clay-based, as this offers a warmer surface than steel and also acts 
as an acoustic barrier. Further sound-absorbing elements are also 
incorporated, including local carpets and textile furniture. 
 

Cooling 
Cape Town is the warmest location of the three compared positions. That's why 
cooling will be most important in this area. For this purpose, the heavy thermal 
mass of the construction is used. The thermal mass can absorb the heat and 
release it delayed. High temperatures are moderated in this way.  
In addition, cross ventilation is incorporated. Windows are located on opposite 
sides of the house, especially in the south and north. But cross ventilation can 
also be provided over both floors via the open staircase. This means that the 
house is kept cool in summer and the thermal masses cool at night. The cross 
ventilation is exemplarily shown for three windows and over two stories in 
Figure 4.45. 

Figure 4.45 cross ventilation for 3 windows 
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Insulation 
Even though it's not as cold in Cape Town as in the previous examples, there is 
still a heating demand. For this case, suitable insulation prevents losses of 
energy and makes the internal heat of people and equipment used as a source 
of energy. This insulation is placed externally. 

Façade 
When using additional materials, preference is given to regional materials and 
attention is paid to a design based on traditional construction methods. 
Therefore, a traditional facade is placed above the insulation. A thick layer of 
clay plaster is applied above the insulation. It is available in the regional 
environment and is very energy-efficient in production. On top of this, a classic 
straw façade has to be attached. This fulfils two functions. Firstly, it protects the 
clay from rain. This may get wet but is not washed up. Furthermore, it shades 
the facade. Nevertheless, it allows the cooling wind to pass through to the 
construction. This is why the straw façade also leads over the eastern, northern 
and western windows. These are shaded, but lighting and especially cross 
ventilation remain possible. The design of the facade is illustrated in Figure 
4.42 and Figure 4.43. [15] 
 

Roof 
The container house in Cape Town has a flat roof as there is no snow load. In 
order to avoid overheating, its construction is ventilated above the insulation. 
The ideal inclination for solar cells in South Africa is lower than in Europe. Solar 
cells can therefore also be mounted on a flat roof at a slight angle. 
The calculated roof overhang is not only installed to the north, but also to the 
other directions. This keeps the facade shaded and cooled in summer (see 
Figure 4.43). 
 

Outdoor area 
Outside areas in the garden are shaded if they provide a longer stay as 
illustrated in Figure 4.44. 
 
 
Figure 4.46 shows the floor plan for the ground floor and Figure 4.47 for the 
upper floor. The roof view and design of the facility are shown in Figure 4.48. 
All four elevations are shown in Figure 4.49 to Figure 4.52. 
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Architectural plans 

 
Figure 4.46 Ground floor, Cape Town 

 
Figure 4.47 Upper floor, Cape Town 

 
Figure 4.48 Roof view, Cape Town   
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Figure 4.49 Elevation West, Cape Town 
 

    
Figure 4.50 Elevation North, Cape Town       Figure 4.51 Elevation South, Cape 
Town 
 

 
Figure 4.52 Elevation East, Cape Town 
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 Summary 
The designs show how a container building can be planed as a functioning 
single-family house with useful room structures regardless of strict modular 
specifications. In addition, the building takes consideration of the climatic 
conditions of the environment and operates energy-efficiently thanks to its 
passive architecture. In the process, certain approaches have been discovered 
to be reasonable or even essential. 

 

• An important and unavoidable component of all buildings was the 
insulation, which is necessary due to the weak thermal insulation 
characteristics of the containers. 

• Further building materials applied in all cases were facade and roofing 
materials necessitated by the choice of exterior insulation. However, 
when applying interior insulation, these construction elements could be 
omitted under certain circumstances. 

• Also, in all three buildings, despite different design strategies, it was 
possible to place the largest window openings at the original positions of 
the container doors. Adequate lighting and accessibility could be ensured 
with very few small additional openings in the other walls. In this way, the 
basic structural integrity of many containers can be preserved. 

• However, for the ground floor, part or complete side walls of the 
containers have to be removed in order to create an open interior layout. 

• Additional sound-absorbing measures must be implemented to 
compensate the highly sound-reflecting metal walls. 

• Depending on the location, the thermal mass of the steel construction 
could be insufficient and further massive components must be installed. 

• For an average sized single-family house (four persons) four 40ft High 
Cube Shipping Containers and two 20ft High Cube Shipping Containers 
were required. A size below four 40ft High Cube Shipping Containers in 
total is not recommended for a classic building structure.  

• By shifting the stacked containers, the impression of modularity could be 
reduced. 

 

It was also possible to take the Base Case as a guideline for all three locations 
and adapt it to different climatic conditions just by modifications. The most 
significant variation was always the adaptation of the façade to traditional and 
regional construction methods; there were also small changes in the internal 
structure. However, the basic layout and actual functionality of the building 
remained the same in all cases.  

The following Table 4-4 shows the climate-related differences that distinguish 
the individual concepts from each other. 

Table 4-5. summarizes the important building envelope requirements for the 
three locations by showing the required U-values of the different building 
components. 
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Table 4-4 Summary of the individual and distinguish climate-related design 
strategies 

 North Europe 
(Stockholm) 

Central Europe 
(Berlin) 
 

South Africa 
(Cape Town) 

Entrance 
Area 
 

Closed Closed Open 
 

Façade 
 

Wood cladding Plaster Clay plaster with 
straw façade 
 

Windows Lots South 
Few East and 
West 
No North 

Lots South 
Few East and 
West 
No North 

Lots North 
Few North 
Very few East and 
West 
 

Shutters Insulated outdoor 
shutters 
 

Insulated interior 
shutters 

Interior shutters 

Size of 
Overhang 
 

2m 1.5m 0.5m 

Roof Gable roof 
 

Gable roof Ventilated flat roof  
Orientation of 
common 
spaces 
 

South South North 

Thermal 
mass 

Light to medium Heavy  Heavy 
 

 
Cooling None By heavy thermal 

mass 
By heavy thermal 
mass and cross 
ventilation 

 
Table 4-5 Summary of the building envelope requirements for the three 
locations [12] 

Building component Maximum U-value [W/(m2 K)] 
  Stockholm Berlin Cape 

Town 
Roof   
 Metal building 0.049 0.055 0.055 
Walls above 
grade 

  

 Metal building 0.069 0.069 0.084 
Floors   
 Mass 0.057 0.064 0.074 
 Steel joists 0.032 0.038 0.038 
 Wood framed and other 0.033 0.033 0.033 
Opaque doors   
 Swinging 0.500 0.500 0.700 
Vertical glazing   
 Non-metal framing (all) 0.35 0.35 0.40 
 Metal framing 

(curtainwall/storefront) 
0.45 0.45 0.50 

 Metal framing (entrance 
door) 

0.80 0.80 0.85 

 Metal framing (all other) 0.55 0.55 0.55 
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5 Conclusions  
This work addresses the question of how to integrate shipping containers in an 
energy efficient family home considering different climatic conditions. It was a 
practical project with the aim to obtain three different Sketch Up models. For 
this purpose, the relevant construction and structural conditions were 
elaborated which have been researched on the subject of container buildings. 
This information gives an overview of the general handling of containers as 
building elements. After a detailed climate analysis of the locations, the 
concepts for the three energy-intensive buildings were developed and created 
as practical Sketch Up models. These models are needed for further research 
of the mother project and can now further be used by the University Osnabrück. 
 
During the thesis, it turned out that shipping containers in the used formats can 
be effectively integrated into buildings as they correspond to the human scale. 
Both in width and height, they can create pleasant spaces for human beings. 
Furthermore, it became clear it is possible to develop an energy-conscious 
house for different climatic conditions with the help of further components and 
some modifications. In the process, however, further building materials, such as 
insulation, are essential. Deficiencies are caused in particular by the weak 
thermal insulation of the steel walls, which in any case must be compensated 
by suitable insulation. The container frame has to be adapted in all cases and a 
suitable opening must be created in order to ensure an acceptable light 
exposure but also to use passive solar radiation. With the addition of further 
building components, it is despite the modular specifications possible to 
implement a sustainable energy design and plan a passive building. 
 
For this project, a Base Case was created which was adapted by modifications 
for the different climate zones. The study found that the Base Case can be 
used very suitably for cold, cool and up to moderate climate zones. It is 
possible to use a basic concept with uniform functionality for all three climate 
zones. The most different changes and adaptations were made by using 
regional and traditional facade types. In contrast to the same internal functions, 
very individual and recognizable external appearances are created. Each 
building is adapted and recognizable to its surroundings. This Base Case can 
thus be used as a basis for the application of transportation containers as 
energy efficient single-family homes in the corresponding climate zones. 
 

5.1.1. Limitations of the study 
During the development process, some limitations became apparent, which had 
influence on the resultant design and specification of the building. The most 
influential ones are outlined below. 
 
The first limitation was caused by the integration of the thesis in a 15-credit 
points project with an estimated processing duration of nine weeks. This time 
limit allows to develop three buildings satisfactorily only in the status of the 
design planning. Detailed planning with concrete details cannot be carried out 
qualitatively in this time frame. 
 
Further limitations arise due to the lack of site specifications. For this reason, it 
was not possible to clearly define the foundations and structural details. Also, a 
detailed solar analysis under consideration of the surroundings and their 
shading could not be accomplished. An open rather rural environment was 
assumed. In addition, a determination of the energy supply and especially 
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heating type was not reasonable, since it was not defined what possibilities 
were available on the site. 
 
The final results are strongly influenced by the design proposals of the program 
Climate Consultant. With the use of another program they could result in a 
different outcome.  
 
Since the study is in the context of a larger project, several guidelines were 
given. The climatic locations were specified and also, the representation of the 
drafts was influenced by the desire of the larger project to use the program 
SketchUp. 
 

5.1.2. Recommendations for future work 
This project can be used as a first step in the development of climate-friendly 
single-family houses consisting of containers. Therefore, extensions and 
possible further fields of work on this topic arise. 
 
At first, the buildings can be planned up to a detail drawing. A more specific 
development consisting of precise pipes, connections and constructions can be 
worked out in detail. 
 
Furthermore, an energy simulation for example with the help of the program 
IDA ICE would be interesting to determine the energy demand of the houses 
and to compare it with standard buildings. For this purpose, it would be possible 
to determine both the heating and cooling energy of the models. 
 
Also, the development of a live-cycle assessment of the buildings in 
comparison with standard buildings in the region can bring interesting results 
and further information about the general energy friendliness of containers as a 
building material can be given. 
 
Looking at the construction process involved in using these container buildings 
could equally prove useful results. It could focus more deeply on how to convert 
the containers into suitable components of the building and how to situate these 
processes in the factory or on the construction site. Especially in consideration 
of a uniform Base Case, construction processes can be standardized and 
simplified. 
 
Even the adaptation of the concept of an energy efficient container house to 
different and larger building types such as apartment buildings, offices or even 
hospitals would be an option. Although there are already larger building types 
consisting of containers, the question of their implementation under energy and 
climatic aspects can be further elaborated.   
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7 Appendices 
Appendix 1 
 
Decided criteria for the comfort model on the example of Stockholm [10] 
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Appendix 2 
 
Weather Data Stockholm [10] 
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Appendix 3 
 
Temperature range Stockholm [10] 
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Appendix 4 
 
Wind velocity range Stockholm [10] 
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Appendix 5 
 
Weather Data Berlin [10] 
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Appendix 6 
 
Temperature range Berlin [10] 
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Appendix 7 
 
Wind velocity rang Berlin [10] 
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Appendix 8 
 
Temperature range Cape Town [10] 
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Appendix 9 
 
Weather data Cape Town [10] 
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Appendix 10 
 
Wind velocity range Cape Town [10] 
 

 
 
 
 
 
 
 
 
 


