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 I 

ABSTRACT 

Sustainability has become very important to society. One part of society that strongly 

influences sustainability is the industrial sector and its factories. This thesis attempts to 

facilitate knowledge about sustainability in factory design to create more sustainable factories. 

The approach of this thesis is to create a better understanding of sustainability during the 

factory planning phase by connecting a factory planning flow with the physical elements of a 

factory. These elements are analysed based on the interactions they have with their 

surroundings, other elements and social, economic and environmental sustainability. The 

interfaces, the interactions of the elements, are researched for their impact on sustainability.  

 

 

 

The generic model is presented on a database based website (www.sustainable-factory.eu) 

pointing out what should be considered during any factory planning process in order for the 

finished factory to be more sustainable. The model focuses on the inside of the factory and 

its’ building and not on a specific kind of factory or production process.   

The database contains close to 600 entries for corner structure (steps, elements, interfaces, 

sustainability) and 3000 connections between the corners. Assessing a factory in a box 

concept for sustainability tests the results of this thesis. 
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ABSTRAKT 

Hållbarhet och hållbar utveckling har blivit en mycket viktigt del i dagens samhälle. En del av 

samhället som starkt påverkar hållbarheten är den industriella sektorn och dess fabriker. 

Denna avhandling försöker att sammanställa kunskap om hållbarhet i fabriksdesign för att 

skapa mer hållbara fabriker. 

Tillvägagångssättet för denna uppsats är att skapa en bättre förståelse av hållbarhet under 

fabriksplaneringsfasen genom att koppla samman ett fabriksplaneringsflöde med de fysiska 

elementen som finns i en fabrik. Dessa element analyseras baserat på samspelet de har med 

sin omgivning, andra element och social, ekonomisk och miljömässig hållbarhet. Gränssnitten 

och samspelet mellan elementen, är undersökt baserat på deras inverkan på hållbarheten. 

 

Den generiska modellen presenteras på en databasbaserad webbplats (www.sustainable-

factory.eu) och pekar ut vad som bör övervägas under fabriksplaneringen för att den färdiga 

fabriken ska bli mer hållbar. Modellen fokuserar på insidan av fabriken och dess byggnad och 

inte på en specifik typ av fabrik eller produktionsprocess. 

Databasen innehåller närmare 600 poster för hörnstrukturen (planeringssteg, element, 

gränssnitt, hållbarhet) och 3000 anslutningar mellan dessa fyra hörn. Slutligen har det gjorts 

en bedömning av fabrik-i-en-lådas hållbarhet och på det viset testat rapportens resultat.  
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1 INTRODUCTION 

Following chapter gives an introduction to the topic and presents the basis for the thesis. 

1.1 CHALLENGE: SUSTAINABLE FACTORIES 

At the end of the 18
th

 century Thomas Newcomb and James Watt brought the steam machine 

to the world of production. This changed the workplaces all over Europe and America, and 

soon the rest of the world, from manual to power-driven labour. Economic growth as it had 

not been seen before in history was now made possible.  The industrial revolution enabled the 

founding of many factories employing hundreds and thousands of employees. With 

production development such as scale effects of mass production and the line productions the 

results are that today, nearly every product is produced in factories. They exist in various 

sizes and kinds but all adhere to the principal goals of specialisation and energy driven mass 

production. However industrial production in factories proved to be more complex and 

challenging than the basic ideas it is founded on. Impact on workers social life, their health or 

the indirect impact of production on society and the direct impact on the environment are just 

a few reasons for this. In the past we have seen the founding of unions to firstly protect 

worker’s health and safety and later on worker’s rights. We saw the introduction of laws and 

taxes by politics to obstruct the unravelled development of factories and companies. Together 

with the fact that most of the factories founded in the 18
th

 century disappeared and most 

factories and production companies known today are less than 50 years old it highlights that 

most factories could not stand the test of time. In a way they were not “sustainable” enough to 

survive the change of time.  

Sustainability has become a major buzzword in the past decade. From sustainable 

development for mankind over sustainable development of countries and economies 

sustainability has reached every part of modern life. When searching google.com for 

sustainability it responds in 67 million ways
1
. Sustainability however does not just have one 

definition and depending on the field of usage and the opinion to be verified sustainability’s 

definitions range widely. In 1972 Meadows published a book for the Club of Rome and for 

the first time rang the alarm bell that society’s development had to be questioned for its 

sustainability (Meadows 1972). It became obvious that some physical resources where used in 

such quantities that their supply would run out within one or two generations. Today scientists 

                                                 

1
 www.google.com “sustainability” returns about 66,900,000 results in May 2011 
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agree that we live 25% over the earth’s sustainable carrying capacity. Since 1972 research on 

the ideas of sustainability have gone far beyond the calculation of finite resource and carrying 

capacity. Sustainability today is recognised to be three faced including social, economic and 

ecological aspects. Products we produce and their production have been reviewed considering 

this. Material usage, recycling aspects, energy usage, ecological impacts and others are things 

every item produced should be reviewed for.  The examples of this are endless, stretching 

from “energy star” rated computers to lead free thermometers. Now the manufacturing of 

products itself is questioned for its sustainability as well. Energy usage and carbon dioxide 

emission are just two of again many aspects.  

Many of these aspects have in some companies been implicitly incorporated in the planning 

of theirs factories. But it remains unclear how sustainable decisions made in one part of a 

factory might affect other parts of the same factory and thus their impact on sustainability. A 

solar panel on the roof of a factory for example might be built for the good reasoning of not 

using fossil fuelled electricity for production in order to decrease the usage of finite resources.  

On the other hand however the same solar panel might call for high investments that use up 

capital the factory needs in order to survive a possible crisis. In this case the investment in 

ecological sustainability would have not been economically sustainable in the short term.  

1.2 PROJECT BACKGROUND 

This project was performed in collaboration between the Royal Institute of Technology 

(KTH, Stockholm, Sweden) and the Technical University of Berlin (TU Berlin, Germany). 

The aim of this was to set a more international foundation for future research and create a 

different width of the research. The collaboration included an author from each university, 

each with a supervisor at the university. The project was performed both in Germany and 

Sweden with long distance cooperation as well as visits at the other university. It was written 

in collaboration with the German student named Hendrik Borges.  

1.3 SUSTAINABILITY KNOWLEDGE FOR FACTORY DESIGN 

The objective of this thesis is to give some guidance to the planning of a factory regarding 

sustainability aspects. A team that plans and designs a factory already has to make decisions 

that will influence the sustainability of a factory. The design process nevertheless is a 

complex task that requires taking many internal and external aspects into account and due to 

the diversity of factory design situations; every design has to be individually developed. To 

reduce the complexity many factory designs and planning flows have been developed both 
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academically and practically but it remains a given fact that these flows can only deliver 

guidance leaving the actual planning process an iterative one.  

This thesis shall deliver additional information about the relationships between the physical 

elements, their individual impact on sustainability and their impact on other physical 

elements’ sustainability impact in order to help to develop a sustainable factory.  

1.4 METHOD: CONNECTING A PLANNING FLOW TO SUSTAINABILITY 

The method used to reach the goals and missions of this thesis was by creating a structure that 

connected factory planning with sustainability by adding the physical elements of a factory. 

These elements were then analysed based on their interactions with their surroundings. This 

can be seen in figure 7. This means that this thesis is built up by a corner structure consisting 

of factory planning, the physical factory elements, interfaces (the interactions of the elements) 

and sustainability. Between these four corners connections were then made to show how the 

corners are related to each other.  

The first step in creating this structure was to set the instances of the corner structure. This 

was done by studying existing research in the different areas but also for example literature 

and standards. By looking at state of the art of each field the four corners of the structure was 

then set. After this the mission was to connect these four corners. This was done by analysing 

each instance individually and checking if the instance should be connected to another. This 

can be seen in chapter 3.3.  

When the structure was completed the results were inserted into a database connected to a 

website (www.sustainable-factory.eu) to make the results accessible. A case study was also 

performed to show that the structure and the results could be adapted to a factory.  

1.5 EXISTING RESEARCH AND WORD DEFINITIONS 

The main categories used in this thesis are as mentioned above factory planning, the physical 

elements of a factory and sustainability. Following are short descriptions of these as well as 

brief presentations of those doing research within these areas. A more detailed description 

both of the areas and the research is presented in chapter 2. 

Factory planning 

The term factory planning refers to the process of developing a new factory or remodelling an 

existing one. Especially German scholars have done research within this area. This can be 

traced from research such as (Gutenberg 1969), (Schuh, et al. 2007) to (Schenk, et al. 2010).  
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Swedish researchers involved in the same field have developed a web-based pilot that will 

guide its user through the factory planning process (Chen 2009).  

Physical Factory Elements 

All physical items within a factory both attached to the building and loose shall be called 

“elements” throughout this thesis. This does not include the resources that are being 

consumed, such as raw materials, and the products finished during manufacturing. No specific 

research covers all physical elements within a factory. Thus the research used in this thesis is 

a collection of data based on a variety of different sources like standards, inventory lists and 

Eurostats’ statistics describing all items produced within the EU (PRODCOM-list).  

Interfaces 

In order to look at how physical factory elements can affect sustainability and each other, it 

needs to be defined how the elements can interact with their surroundings. This is done with 

the use of so-called “interfaces”. Interfaces describe the different ways in which systems can 

interact with each other. Research about this is done for modularization. In modularization it 

is important to look at how different modules fit together, how they will affect each other and 

how information, electricity and similar things are transferred between these modules (Erixon, 

Stake 2003). Literature covering this field is based research on changeable factories and 

literature covering the modularization of products (Wiendahl, Denkena 2005).  

Sustainability 

Sustainability can be defined as formulated by the Brundtland commission in 1987: 

“Sustainable development is development which meets the needs of current generations 

without compromising the ability of future generations to meet their own needs”
2
. Many 

official organizations are doing research regarding sustainability. The UN, being one of them, 

has developed several sustainability themes and indicators, which makes it possible to specify 

and quantify sustainability to a certain extend and to track the progress of countries’ and 

companies’ sustainability efforts. CIRP, the International Academy for Production 

Engineering, also has several research groups that focus on different aspects of sustainability 

such as energy efficiency and emissions.
3
 

                                                 

2
 c.f. (Brundtland 1987) page 54 

3
 c.f. CIRP Annual Report 2010 for information on research of different groups 
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1.6 LIMITATIONS 

Due to time and resource limitations of the project limitations in the span of the projects had 

to be made.  

1.6.1 FOCUS TO THE INSIDE OF A FACTORY 

The first limitation is setting the constriction to the inside of the factory. The project covers as 

far as the exterior of the factory building but not further than that. This sets a limitation firstly 

regarding the elements. This means elements on the outside of the factory that usually would 

have counted as a part of the factory such as parking spaces, gates or fences are not included 

in the elements list. Due to the fact that the model is structured in a way that allows for more 

values to be added later, it is possible to add the elements of the outside of factory in either a 

later stage or in a later project.  

1.6.2 LIMITATIONS OF A GENERIC MODEL 

This project does not focus on a specific product. This means that specific processes are not 

taken into consideration either. As said previously, the aim of this thesis is to create a product 

that can be used for any factory internationally. In order to do this the model and focus is set 

very generically. When focusing on producing one specific product with many defined 

processes the risk exists that this will be adaptable only to this product. This would mean that 

the improvements or the research being made would be lost when either the product is 

changed or dropped or when the conditions for it changes. This thus tries to be as generic as 

possible in order to create a knowledge base, which later can be built on.  
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2 STATE OF THE ART 

The chapter describes the research that has been within the areas that will be covered later in 

the thesis. 

2.1 FACTORY DESIGN AND PLANNING 

Factory planning and factory design is necessary to build a new factory or a when a 

reconstruction in an existing factory has become necessary due to changes in demands for 

support systems, security or products
4
. 

The research on factory planning focuses on things such as defining what is important to 

consider during the planning process. It points out in which order processes, flows and 

movement should be decided and what tools and elements should be used in order for the 

production flow to avoid bottlenecks and inefficiencies
5
. It can also point out the activities 

that exist during factory planning and the information needed for these activities
6
. 

Factory planning and factory design has been a field of research for a long time, especially in 

German literature with researchers such as Gutenberg, Wiendahl and Westkämper. Schuh 

issued a summary of seven of the most influential researchers within this field and showed the 

majority of research is based on Gutenberg’s research from 1969 (Schuh, et al. 2007). This 

shows that even though planning flows can differ in many aspects, they still have the 

similarity of five main steps of factory planning: preparation, structure and planning, detailed 

planning, execution planning and execution
7
. This can also be seen in the figure 1.  

 

Figure 1: Steps of factory planning8 

Even though this thesis focuses a lot on German research on factory planning it is done in a 

variety of countries. For example a Swedish project also looked closer at it. The result of this 

                                                 

4
 c.f. (Chen 2009) page 13 

5
 c.f. (Schuh, et al. 2007) page 24 

6
 c.f. (Chen 2009) page 14 

7
 c.f. (Schuh, et al. 2007) page 196 

8
 according to (Schuh, et al. 2007) 

Preparation 
Structure 

and 
planning 

Detailed 
planning 

Execution 
planning 

Execution 



Sustainability in Factory Design   Annelie Kanold 

 

7 

 

was a factory planning pilot, in Swedish “Fabriksplaneringslotsen” (FPL), which can be used 

as a pilot to guide the user through the different steps of a remodelling or construction of a 

factory. It is directed at companies helping them to point out the important aspects during the 

planning process
9
.   

Six modules with several sub steps make up the FPL. The modules are assessment of product 

potential, formulation of project definition, designing the system, realization of system and 

hand over and follow up as can be seen in the figure 2. A more thorough description of the 

steps is provided in appendix 12.1. 

 

Figure 2: The main steps of factory planning10 

Each category and subcategory describe the main activities in that step as well as the input 

that is required to start it and the output that will lead to the next step. It shows what needs to 

be decided and looks at what is needed in order to reach the necessary output to finish a step 

and move on to the next one
11

. Even though it looks like a simple flow factory planning still is 

an iterative process where every step might be reviewed several times during the planning 

process. This is because it might be revealed during a later step that the results from an earlier 

step are not satisfying and need to be redone. Production requirements might also be changed 

which forces the process to back up. It is designed to have a top down approach, which means 

that it first looks at the whole picture to go into details later in the process. The flow also 

helps its user by pointing out government regulations and standards, which need to be 

considered during the planning
12

. 

2.2 PHYSICAL ELEMENTS OF A FACTORY 

Merriam Webster describes a factory as “a building or set of buildings with facilities for 

manufacturing”
13

. This thesis attempts to develop a generic hierarchy of groups of physical 

                                                 

9
 c.f. (Chen 2009) page 18 

10
 flow designed by (Chen 2009) 

11
 c.f. (Chen 2009) page 20 

12
 c.f. (Chen 2009) page 23 

13
 c.f.: www.merriam-webster.com/dictionary/factory 
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elements of a factory and to assign if possible all physical factory elements that could exists in 

a factory to it. This chapter lays out research that needs to be included in the model. 

Hierarchy of elements 

Depending on the way a factory is looked at, different aspects and highlights of a factory 

setup are put into focus. Westkämper and Zahn found five major aspects a factory consists of 

(Westkämper 2009): the organisation of the factory and the company, the buildings, the 

equipment, “systems” mainly regarding to information and communication equipment and the 

personnel as shown in figure 3.  

 

 

Figure 3: Five aspects of a factory14 

Westkämper’s and Zahn’s research titled “Stuttgart company model”
15

 (Westkämper 2009) is 

based on the increasing importance of adaptability as a key driver for companies’ success
16

. 

They base their research on identifying the above-mentioned elements of companies and 

research their individual adaptability. While adaptability is aimed at the day-to-day success of 

a company, this thesis is looking at implementing sustainability ideas already during the 

factory design. This means not primarily looking at the ability of future questioning of 

decisions made but at making decisions that influence sustainability in the sense described 

and defined in chapter 2.4. It is however clear that since adaptability is so important to a 

company’s and a factory’s success the idea of adaptability needs to be incorporated already 

during factory design, if economic sustainability is to be achieved. 

                                                 

14
 derived from (Westkämper 2009) page 25 

15
 translated from German: “Stuttgarter Unternehmensmodell“ 

16
 Westkämper and Zahn found that over 90% of companies saw their ability to adapt to be important or very 

important to sustain in a global world.  

Organisation 

•company strucutre 
•organisational structure 
•methods 

Buildings 

•property 
•building 
•infrastructure 
•supply and disposal 

Equipment 

•machinery and tooling 
•equipment 
•material and consumables 
•vehicles 

Systems 

•harddware 
•networks 
•software 
•communication systems 

Personnel 

•quantity 
•aging structure 
•qualification 
•softskills 
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Research of Wiendahl is also aimed at changeability of companies and factories (Wiendahl, et 

al. 2009). He however bases his research on understanding a factory as a part of a larger 

production network and develops a hierarchy dividing up a factory into smaller entities 

corresponding to the entities of a product portfolio as shown in table 1. 

 

Level Product level Production level 

6 Product Portfolio Production Network 

5 Product Group Factory 

4 Product Division 

3 Group of Parts Production System 

2 Part Production Cell 

1 Part Element Workstation 

Table 1: Product level and production level17 

Based on this hierarchy Wiendahl classifies a factory into four levels (Site, Segment, 

System/Cell and Station) to mark areas of changeability. Further Wiendahl connects these 

levels to three factory capacities (Means, Organisation and Space) as shown in figure 4. The 

matrix is used to identify areas of changeability. Wiendahl calls this the factory objects.  

 

Figure 4: Classification and structuring levels of factories18 

                                                 

17
 c.f. (Wiendahl, et al. 2007) page 792 

18
 taken from (Wiendahl, ElMaraghy et.al. 2007) page 792 



Sustainability in Factory Design   Annelie Kanold 

 

10 

 

 

Regarding the design fields of a factory Wiendahl understands sustainability as a framing 

building block for the major factors facilities, organization and employees as can be seen in 

figure 5. 

 

Figure 5: Integration of sustainability into other aspects of a factory19 

The most important sources for developing a model of a factory including a hierarchy of 

physical factory elements are laws and standards. Especially standards provide an in depth 

understanding of specific fields and thus need to be the most important papers to be 

considered for building the factory model of this thesis. Since not one standard exists that 

fully describes a factory, several standards that describe certain relevant parts of a factory 

need to be looked at and taken into consideration. Withdrawn VDI standard 2815 describes 

the equipment of a factory. However due to the quickly changing purposes of factories, which 

became more and more specialised, the VDI believed that such an inflexible structure has 

become irrelevant and withdrew the standard in February 2002
20

. Still the structure of 

equipment introduced in 1978 offers a good starting point for the categorization of factory 

equipment. The standard firstly states a difference between buildings and equipment of a 

factory. It secondly describes a more detailed categorization of equipment of a factory into 

seven groups: supply and disposal equipment, manufacturing and tooling equipment, 

measuring and inspection devices, transport and handling equipment, stock and storage 

equipment, organisational aid and interior.  

                                                 

19
 taken from (Wiendahl, ElMaraghy et.al. 2007) page 792 

20
 For further information c.f. email from VDI in appendix 12.2.1 
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For the building of a factory, standards originally created for architectural and construction 

purposes need to be considered. Standard DIN 276 describes the calculation of a building. It 

describes how to break down the structure which in this case can easily be adapted to the 

purpose of this paper. VDI 2815 and DIN 276 are certainly the most influential standards for 

this paper but many more standards have an impact on further sub categorization of the 

equipment groups mentioned in VDI 2815 (for example standards about production 

technologies (e.g. DIN 8580), standard about transportation and storage (e.g. DIN 30781, VDI 

2490 and BGR 234) and standards for measurement). 

Lists of elements 

Regarding the list of elements to be included in the built hierarchy this thesis has again to rely 

on a diverse range of sources. On the one hand side the elements need to be generic enough to 

include even very specific equipment of one factory. On the other hand the list needs to be 

complete enough to ensure that minimize the potential of missed elements. For the building 

part of the model, DIN 276 as mentioned above provides a very detailed breakdown of 

physical elements of a building. The list is generic enough to include all kinds of buildings 

and provides a complete list of (cost) elements of a building. 

Lists of things a factory contains are often used in factories for facility management purposes. 

The range of large starting from a list of light bulbs to be changed every year to specific lists 

of machinery and their inspection and maintenance intervals. These lists are however most 

times very specific and fail to be generic enough to be used on all kinds of buildings or even 

more factories. The introduction of computer based models to help planning factories and 

buildings and to maintain these has brought to life research about “Digital Factories”. 

Standard VDI 4499 formalizes approaches to digital factories. A “digital factory is the generic 

term for a comprehensive network of digital models, methods and tools – including 

simulation and 3D visualisation – integrated by a continuous data management system. Its 

aim is the holistic planning, evaluation and on-going improvement of all the main structures, 

processes and resources of the real factory in conjunction with the product.” (VDI 2008) 

Furthermore it categorizes “objects of planning/observation” into the following groups: Plant 

and Machinery, Logistics, Floor space and Layout, Auxiliary Operations, Organisation, 

Building and Design and Infrastructure. The standard focuses however more on processes of a 

factory and how to represent these in a digital factory model and does not list items that 

would populate the data management system.  
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The same is true for literature about factory design. As described in chapter 2.1 factory design 

structures the processes that need to be followed during the planning of a factory. Even more 

in some cases it orders how detailed the planning has to be at every point of the planning 

process. In the detailed planning step of many working flows it becomes clear that every 

detail and thus every element of a factory need to be fully specified at some point. However 

being generic flows for all kinds of factories they usually do not specify or list physical 

elements of factories. Tompkins et al. describe the process of facility planning in great detail. 

Starting from calculating the requirements for a factory they go on to describing ways and 

techniques how the requirements can be met (Tompkins, et al. 2010). Though being very 

specific and delivering calculations for all details of the factory they only for some equipment 

deliver broad lists. Especially their list of material handling equipment is very extensive and 

provides a very full list of transport and storage equipment. 

Considering the ecological and energy impact of different objects a new line of research about 

objects in general (also including factory objects) was started to prepare EU legislation a few 

years ago. In order to design Europe’s future, ecological and energy efficient EU offices 

started to create an “Ecodesign Directive” as stated in the Communication from the 

commission to the council and the European “Establishment of the working plan for 2009-

2011 under the Ecodesign Directive”
21

. The research is aimed at identifying areas of products 

of high impact on ecological aspects and energy usage and in a second step at developing 

specific guidelines for the identified groups. For this thesis especially interesting is the 

research of Lot 5: Machine tools and related machinery of the Energy Using Product Group 

Analysis / 2 which is done by Fraunhofer IZM and IPK. The research is mainly focused on 

the energy efficiency of machine tools and therefore provides a good understanding of how 

this manufacturing and tooling equipment can be subcategorized and how a complete 

consideration of all machinery can be ensured. Other directives and similar to take into 

account are for example DIN 8580, the level of automation of machine tools, DIN 69651, EU 

Directive 2006/42/EC on machinery, DIN EN ISO 23125:2010, European NACE and 

PRODCOM classification, and more 
22

. The study then further subcategorizes using the 

PRODCOM list since it “remains (…) the indispensable constituent when analysing machine 

                                                 

21
 c.f. http://ec.europa.eu/energy/efficiency/ecodesign/working_plan_en.htm 

22
 (Schischke 2011) page 28 
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tools”
23

. Only the European PRODCOM list can claim for itself to provide an exhaustive list 

of products produced and therefore of products which could possibly exist in a factory.  

It is possible to achieve a conclusive list of the elements within a factory only by taking 

information from a variety of different sources and even then some might be overlooked.  

2.3 INTERACTIONS OF FACTORY MODULES (INTERFACES) 

An interface describes the interaction between systems, people or objects. Most commonly 

the word interface is used to describe a gateway between two systems.  

Interfaces are especially important to modularity. That is when pieces of a system or product 

are constructed separately from each other and then put together when finished
24

. This means 

that the way, which the parts will fit together, must be analysed and specified preliminary to 

ensure final functionality. One benefit of modularity is for example when the interfaces are 

clearly defined modifications can be performed on just one module without changing the 

entire product
25

. 

Several things can be modularized. Scania for example was the first to adapt this concept to 

their trucks
26

. It has also been adapted to smaller products. According to Erixon and Stake the 

interfaces to be analyses are space, attachment, transfer, command and control, field or 

environmental (Erixon, Stake 2003). The interface space describes what shape and size the 

module must have in order to fit in with others. Attachment and transfer defines how modules 

are attached to each other and how for example fluids or electricity passes through and 

between the modules. How the product is handled is defined in command and control and the 

interface field and environment describes how the modules affect their surrounding through 

for example heat or vibrations
27

. These five interfaces are sufficient enough for smaller 

modular products but when a larger object is modularized more interfaces might be needed. 

 

# Interfaces for modular factories 

1 Air quality 

                                                 

23
 (Schischke 2011) page 22 

24
 c.f. (Erixon, Stake 2003) page 2 

25
 c.f. (Erixon, Stake 2003) page 88 

26
 c.f. www.nyteknik.se/nyheter/it_telekom/allmant/article6830.ece (Download: 4th May 2011) 

27
 c.f. (Erixon, Stake 2003) page 42   
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2 Asset flow 

3 Climate 

4 Communication 

5 Energy flow 

6 Information flow 

7 Light 

8 Material flow 

9 Medium flow 

10 Personnel flow 

11 Sound-noise 

12 Space-room 

13 Vibration-force 

Table 2: Interfaces used by modular factories28 

Research has been done in Germany regarding modular factories. A modular factory is a 

factory built up by modules. In this case the modules are larger than for a simpler product and 

usually include more human interaction. For this it might be necessary to define interfaces 

more clearly. Wiendahl defined as many as 13 different interfaces to describe interactions of a 

factory module
29

. These can be seen in table 2 above. 

2.4 SUSTAINABILITY 

Sustainability might be the concept of the decade and will continue to be so for a long time. It 

seems that each and every product, service, decision, production, development and so on is 

sustainable today. Green buildings, battery powered cars, recycled material, organic fair-

traded food, sustainable architecture and many more aspects of everyday life claim to be 

sustainable. However for most things claiming to be sustainable it remains unclear in which 

way the word sustainability is used and meant. In many cases sustainability lacks a definition 

and actively plays with this nonexistence.  

                                                 

28
 c.f. (Wiendahl, Denkena 2005) page 24 ff. 

29
 c.f. (Wiendahl, Denkena 2005) page 24 
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The term sustainability
30

 first originated in the forest industry, which suddenly found itself 

running out of wood during industrial ages. It was realized that to avoid future losses it was 

necessary to plant the same amount of trees as were cut down
31

.  In 1972 the Club of Rome 

realised and very publically displayed that not only wood shortage was a problem but that 

many resources used by mankind were about to run out (Meadows 1972).  It became clear 

that not only an economic perspective but also very much an ecological factor had to be 

included into a sustainability concept. In 1987 the Brundtland commission institutionalised by 

the United Nations brought to live a broad definition for sustainability, which until today is 

the most quoted definition for sustainability and sustainable development: “Sustainable 

development is development that meets the needs of the present without compromising the 

ability of future generations to meet their own needs.”
32

  It is understood that sustainability is 

something that is achieved if sustainable development takes place. In this sense sustainability 

and sustainable development can be measured and described in the same way. The 

interchangeable use of the terms in most publication supports this thesis. 

Since the Brundtland commission gave a foundation to the sustainability discussion it became 

also clear by definition that sustainability has three facets. To the already existing economical 

and ecological issues the social aspect was added. Though the importance of the three aspects 

is unquestioned, the interaction of the three remains undecided. Environmentalists have tried 

to stress that all sustainable development is unnecessary if not the ecological aspect is paid 

attention to first. In many cases the three aspects have been described as three pillars of 

sustainability indicating their independent existence. Today common understanding is that the 

three fields best represent sustainability when shown as three overlapping circles as figure 6 

represents, where strong sustainability can only be achieved by considering all three 

simultaneously
33

.  

                                                 

30
 Derived from Latin „sustinere“: to hold up 

31
 c.f. (Seliger 2007) page 16 

32
 c.f. www.un-documents.net 

33
 c.f. (Seliger 2007) page 16 
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Figure 6: Three aspects of sustainability 

In 1992 the United Nations conference in Rio de Janeiro decided that sustainability no longer 

should just be words and ideas but called for the development of a set of indicators that could 

measure sustainable development on all levels to provide a basis for decision-making
34

. It 

issued a mandate to the UN Commission on Sustainable Development (CSD) to develop a set 

of indicators
35

. The UN issued the first list of 134 indicators in 1996. Testing of the 

practicability of the indicators showed that the list was too exhaustive calling for revision of 

the set. Especially the attention the Millennium Development Goals (End Poverty and 

Hunger, Universal Education, Gender Equality, Child Health, Maternal Health, Combat 

HIV/AIDS, Ecological Sustainability and Global Partnership)
36

 received in public as well as 

within the UN made a harmonization of the UN sustainability indicators with these necessary. 

Today the most up to date set contains 50 core indicators, which are part of a larger set of 96 

indicators. Traditionally these indicators were grouped into four pillars
37

, which consisted of 

the three well-known parts of sustainability (social, economic and ecological perspective) and 

an additional institutional level, which referred to the development of states and government. 

For the third issue of their indicators the CSD found these pillars to be out-dated, as they did 

not pay enough attention to cross over topics like poverty or natural hazards. They introduced 

themes of sustainability as can be seen in table 3.  

 

UN CSD Indicator Themes 

                                                 

34
 c.f. (Nations 2007) page 5 

35
 c.f. www.un.org/Depts/german/conf/agenda21/agenda_21.pdf 

36
 c.f. www.un.org/millenniumgoals 

37
 c.f. (Nations 2007) page 10 
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# name 

A poverty 

B governance 

C health 

D education 

E demographics 

F natural hazards 

G atmosphere 

H land 

I oceans, seas and coasts 

J freshwater 

K biodiversity 

L economic development 

M global economic partnership 

N consumption and production patterns 

Table 3: UN CSD Themes  

The UN indicators are probably the most sophisticated description of sustainable development 

at current and will therefore be used in the concourse of this thesis.  
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3 CONCEPT AND STRUCTURE OF THE GENERIC FACTORY MODEL 

The structure of the model with the including parts and connections are described in the 

following chapter. 

3.1 BASIC SETUP 

Sustainability must already be considered during the planning of a factory. However since 

sustainability takes into account many diverse aspects and factory planning consists of many 

different steps the interconnection between the two topics is very complex. This thesis 

suggests a model that connects sustainability to factory planning based on the following 

theses: 

A factory is planned in several steps. These steps consider the physical elements of a factory 

in groups and individually. The physical elements have an individual impact on the diverse 

aspects of sustainability. The physical elements have also an impact on each other or more 

generally influence their surroundings all together. The impacts the physical factory elements 

have on their surroundings occur on different levels. These levels can be described as 

“Interfaces”. “Physical Factory Elements” therefore have an impact on “Interfaces”. The 

Interfaces representing general groups influenced by the “Physical Factory Elements” can be 

described regarding their influence on the different aspects on sustainability. Interfaces 

therefore have an impact on sustainability. The following image summarises these theses and 

displays how they connect sustainability to a factory planning flow. 
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Figure 7: Model of connections between factory design and sustainability 

This model is used to reduce the complexity of the interconnection between factory planning 

and sustainability and attempts to explain these interconnections by researching the individual 

single connections between the four building blocks of the model. The following chapters 

describe the building blocks more detailed and take a closer look at the individual 

connections. 

3.2 FOUR BUILDING BLOCKS OF THE GENERIC FACTORY MODEL 

3.2.1 FACTORY PLANNING FLOW 

The existing research on factory planning presented in chapter 2.1. shows that even though 

the flows might appear differently they still have similarities and most of the German research 

has the same five main steps presented by Schuh (Schuh, et al. 2007). The research done 

regarding the FPL (the factory planning pilot developed in Sweden) also has similarities to the 

work of Schuh. A difference between the flows is that the FPL has six main steps instead of 

five.  

 

Figure 8: Comparison of the flows of Schuh (2007) and Chen (2009) 
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As can be seen in figure 8 above, the differences in the main steps between the two flows are 

quite small. This means that based on the main structure of the two flows the differences 

between them are quite small and thus both flows could be picked, followed and used.  

In order to decide which flow to use other aspects have to be examined. One important aspect 

is that FPL is a specific, web based solution created in collaboration with the industry in 2009 

focusing on activity relations and what-to-do-information whereas the research from Schuh is 

a less general conclusion of several researchers focusing on methods and certain activities. To 

rely on specific steps, which can be used at a later stage, the FPL is used for this thesis
38

. 

Other than the six main steps the FPL also contains 38 sub steps
39

. Of these 38 steps 32 were 

chosen to be a part of the planning flow used in this thesis. Those steps that were removed are 

all part of the realization-phase. Since the focus lies on where in the flow elements should be 

considered, the realization part is not of importance here. During the realization phase 

however it is important to adhere to the decisions made in prior steps and check spontaneous 

changes during the realization again for sustainability. The main steps of the realization and 

hand-over phase are still included in the used flow but for giving an overview of all steps. 

This means that the factory planning flow, which will be used in this thesis, will be based on 

the FPL designed by Chen consisting of a total of 38 steps, 6 main steps and 32 sub-steps 

(Chen 2009). The complete list and description of these can be found in appendix 12.1.  

3.2.2 ELEMENTS 

As indicated in chapter 2.2 a factory consists of many parts and pieces. This thesis is 

dedicated to look at the physical elements of a factory. This includes every element in a 

factory that are included in the planning during the factory design. It does not include people, 

organisational aspects and consumables. All of these, though being an integral part for a 

factory’s success, change over time. Physical elements already accounted for during the 

planning period of a factory tend to be part of the factory over years. The decisions made 

about them during the design phase of a factory thus have a strong impact on the long lasting 

success of a factory. Decisions made about them already influence the sustainability of a 

factory.  

Regarding the model of this thesis the elements are represented in the upper right corner. The 

building block is called “Physical Elements of a factory” and consists of a hierarchy of 

                                                 

38
 This also facilitates the wish to integrate this thesis with the FPL. 

39
 c.f. www.produktionslotsen.se 
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elements. The first level divides them up into two groups “building” and “equipment”. This 

corresponds to standard VDI 2815 about equipment, which indirectly states that a factory 

consists of these
40

. It also corresponds to the physical elements of Westkämper and Zahn’s 

research “Stuttgart Company Model” (Westkämper 2009): “Building” and “Equipment” if the 

physical parts of “Systems” are integrated into the “Equipment”. The difference between 

building and equipment is the mobility aspect. A part of the building is attached to the 

building. It cannot be physically removed or the removal is not economically useful. The 

equipment on the other hand can stand as an asset by itself. It has a use and value and could 

be individually sold or moved. It is therefore possible that very similar elements are part of 

the building and the equipment classification. Ventilation that is closely connected with the 

rest of the building is part of the building. Ventilation that is easily removable from the 

building and has a value as it is might be part of the equipment.  

The size of the element depends on its individual usability. Smaller entities are part of a larger 

element. A screw for example does not have an individual use. Just when part of a production 

machine it becomes useful.
41

 

Building 

A factory building consists of many very diverse elements. As defined above all elements that 

are not physically or economically removable from the building are part of the group 

building. The categorization of the elements of the factory building is based on DIN 276-1
 
(as 

published in December 2008), which describes all possible costs regarding the construction of 

a building. From that list those cost-elements that do not create a physical value are 

eliminated, e.g. costs for solicitors, fees and taxes, wages of workers, costs for preparing the 

side for construction, costs for construction machinery, et cetera. This creates a list of all 

physical elements of a factory building. The full list of cost elements of DIN 276-1 and the 

reasons why which element was eliminated can be found on sustainable-factory.eu. As stated 

in the limitations the elements that refer to elements outside the actual building that are 

additionally constructed on the grounds of the factory (e.g. parking lots, fences) are taken out 

of that list. After these eliminations the building as defined for this thesis contains 85 

                                                 

40
 c.f VDI 2815 of 1978 page 2 

41
 This closely corresponds to the EU’s definition of an asset in the IFRS Framework: „An asset is a resource 

controlled by the entity as a result of past events and from which future economic benefits are expected to flow 

to the entity.“ (http://www.iasplus.com/standard/framewk.htm) 
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elements. They are divided into the construction elements and the building service structure as 

can be seen in table 4. 

 

Building Construction Building Service Structure 

Foundation Elements Sewerage, Water and Gas System Elements 

External Wall Elements Heat Supply Elements 

Floor and Ceiling Elements Air Treatment System Elements 

Roof Elements Power Installation Elements 

Structural Fitment Elements Communication System Elements 

 Transport System Elements 

 Function-Related Elements and Equipment 

 Building Automation Elements 

Table 4: DIN 276-1 Elements 

Equipment 

All elements of a factory that are not part of the building in the sense that they can easily be 

removed or detached from the building are called equipment. The Association of German 

Engineers used to categorize the equipment of a factory
42

 into seven categories. This 

categorization was standardized by VDI 2815 until 2001. Even though the standard was 

withdrawn
43

 and this categorization of equipment is still frequently used. The withdrawn VDI 

2815 standard can therefore still be used as a valid categorization of factory equipment. Based 

upon this the categories for factory equipment are: 

 Supply and Disposal Equipment  

 Manufacturing Equipment and Tooling 

 Measuring and Inspection Equipment  

 Transport and Handling Equipment 

 Stock and Storage Equipment 

 Organisational Aids 

                                                 

42
 “equipment of a factory” equals the German „Betriebsmittel“ 

43
 The VDI cannot recreate his decision to withdraw the standard as stated by VDI via Email 

(see Appendix 12.2.1) 
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 Interior  

 

According to VDI 2815 Supply Equipment of a factory is all equipment that is directly or 

indirectly needed to ensure the ability to use Manufacturing Equipment and Tooling, 

Measuring and Inspection Equipment, Transport and Handling Equipment, Stock and Storage 

Equipment and Organisational Aids and to ensure the disposal of waste. Schenk researched 

supply and Disposal Equipment for a factory and identified three major supply and disposal 

systems: General Systems, Building Systems and Production and Plant related systems
44

. DIN 

276-1 (see building paragraph above) already accounts for the Building Systems. The General 

System relates to supply and disposal, as it is needed for all communal areas: energy 

(electricity, heat, compressed air), water (fire, drinking and waste water), information 

(information, security, communication) and air (ventilation and exhausts). The Production and 

Plant related systems serve the supply and disposal of coolants, lubricants, extractors, 

industrial waste, steam, emergency power, turning and chips, solvents, vacuum and protection 

rating. These kinds of systems are built purposefully for the factory in question and therefore 

are only useful as a whole. They are therefore elements of the factory. 

Measuring and Inspection Equipment are all elements that are used during production to 

measure dimensional accuracy, test functionality, condition or special properties. 

Measurement and inspection activities are important features of a factory as only they can 

assure quality of products on a very high level. The Handbook of Material Measurement 

Methods (Czichos 2007) and the “Dubbel” (Dubbel, Grote 2007) both introduce categories 

for equipment for measuring geometrical indicators, kinematic and oscillation indicators, 

mechanical load, fluidic indicators, thermal indicators, optical indicators, environmental 

interactions, composition and structure, electrical indicators, magnetic indicators and for 

auxiliary equipment for measurement and inspection. This thesis adopts these categories. The 

elements for these categories are filled in from the PRODCOM list (see below). 

Transport and Handling Equipment are elements used to change location and position of 

materials, products and other things. Stock and Storage equipment are elements used for 

storing materials, products and other things. Tompkins et al. present a fully detailed list of all 

material handling equipment found in factories (Tompkins, et al. 2010). This includes both 

transportation and storage equipment. The list serves as a base for this thesis and is checked 

                                                 

44
 c.f. (Schenk, et al. 2010) page 322 
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for completeness with the PRODCOM list (see below). The list of Tompkins et al. was 

updated in 2010 but does not include current research yet as it is focused on usable mass-

produced transport and storage equipment. At the TU Berlin for example research is currently 

done on lifting cloth through a method of freezing for lifting and melting for dropping. This 

was added to the list as a hoist and crane equipment. The existence of such “new” elements 

shows that the list of elements may not be complete for all times, but has to be questioned for 

new development and production in the future (see also recommendation on future research in 

chapter 7). 

Organisational Aids are appliances used for process organisation. They are not used for 

processing materials or products and finally Interiors are elements necessary for using and 

securing building and equipment while not explicitly being part of one of the other 

categories.
45

 The categories are firstly filled with a variation of the original input from VDI 

2815 and filled up with missing elements through comparing them to the PRODCOM list (see 

below). 

As mentioned in the state of the art there is not one list of all elements that could fill the above 

described categories, except the European PRODCOM (Production Communautaire) list. The 

European office for statistics Eurostat publishes the PRODCOM list to keep their statistics of 

European production numbers and economies. The PRODCOM list is based on NACE 

(Statistical Classification of Economic Activities in the European Community
 
)

46
, which has a 

similar function as the Standard Industrial Classification (SIC). In other words the 

PRODCOM list contains every product possibly manufactured in the EU. Every physical 

element of a factory needs to be produced. It is therefore feasible that the PRODCOM list also 

contains every product, which could possibly exist in a factory. Using this list and taking 

away things that do not meet our definition of a physical factory element we shall therefore 

get a list that ensures the completeness of the list of physical factory elements. For the 

elimination of elements not present in a factory the following decision tree (figure 9) is used. 

The numbers refer to the quantity of PRODCOM elements in this category. Firstly of all 

PRODCOM elements the Services are taken out. Of the remaining Commodities (Crude or 

Basic Material, Food, Processes Material, Building Material)
47

 are subtracted. Of the durables 

                                                 

45
 The definition is derived from the German definitions of VDI 2815. 

46
 NACE: Nomenclature statistique des activités économiques dans la Communauté européenne 

47
 for difference between durables and commodities also see Gabler Wirtschaftslexikon (in German): 

wirtschaftslexikon.gabler.de/Archiv/3176/verbrauchsgueter-v6.html 
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elements that are consumables rather than assets are taken out. The definition for consumables 

is taken out of the field of accounting. A product is not an asset if it is not inventoried. 

Usually an amount of around 500 Euro is taken as the border value
48

. Of the remaining 666 

elements the elements relevant for a factory were grouped when the statistical distinction was 

not technically relevant. For example are moulds for glass, moulds for metal, moulds for 

wood and mould for mineral materials grouped as one element “moulds”. This leaves 277 

elements of the PRODCOM list that are added to the list of physical factory elements. The 

decisions are further represented in an attached Excel File (see attached Data CD). 

 

 

Figure 9: PRODCOM categories chosen 

The complete list of elements contains 432 elements as can be seen in Appendix 12.2.2. It 

contains up-to-date research about all aspects of a factory and is checked for completeness 

against the PRODCOM list, which represents all products manufactured in the EU. If a 

physical element of a factory was bought in the EU, it would have to be in the PRODCOM 

                                                 

48
 in German tax law a border of 410 Euro makes the difference between an asset and costs. 
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list of production in the EU. However completely purpose built elements of a factory might 

not fit 100% into one of the categories. Assigning them to the most resembling group 

presented solves this problem. The list thus is a feasible starting point for researching the 

relationships physical elements of a factory have with each other and their surroundings and 

their direct and indirect impact on sustainability. 

3.2.3 INTERFACES 

The interfaces are as mentioned earlier the interactions of systems, people or object
49

. In this 

thesis they are used to describe the ways in which the elements interact with each other and 

their surroundings.  

The interfaces chosen to use are based on the research on modular factories described in 

chapter 2. They were chosen instead of the interfaces from modular products because modular 

factory interfaces can all be described as subcategories to the modular product interface as 

shown in table 5 below.   

Interfaces of factory modules Corresponding interface from modular products 

Air quality Field or environmental 

Asset flow Transfer 

Climate Field or environmental 

Communication Command and control 

Energy flow Transfer 

Information flow Command and control 

Light Field or environmental 

Material flow Transfer 

Medium flows Transfer 

Personnel flow Transfer 

Sound-noise Field or environmental 

Space-room Space 

Vibration-force Field or environmental 

Table 5: Interfaces of factory modules and modular products 

                                                 

49
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The interfaces presented for factory modules by Wiendahl (Wiendahl, Denkena 2005) are 

therefore considered to be a more detailed version of those coming from modular products. 

This will therefore mean a more detailed description on the possible interactions.  

This chapter describes the interfaces in more detail. They are structured alphabetically. 

Interface Air Quality 

The interface Indoor Air Quality regards the existence and concentration of particles and 

gases in a factory with an impact on environment, health and safety and equipment. This 

concerns the inside of the factory as well as its immediate surroundings.  

Though Indoor Air Quality can include the complete composition of air, the planning of a 

factory and sustainability mainly needs to take three different things into account
50

: 

 Concentration of hazardous gases and airborne contaminants (chemicals, dusts, 

vapours, fumes, et cetera) 

 Levels of flammable vapours that could cause explosions 

 Level of oxygen 

Regarding the concentration of hazardous gases and airborne contaminants Goodfellow 

(Goodfellow 2001) proposes a five-group system describing the concentration of 

contaminants, as described below. The concentration of contaminants is lowest in Group I and 

highest in group V. 

 Group I Special Rooms describes a cleanroom environment that meets particular needs 

of some production systems for example the production of electronic goods or 

pharmaceuticals. Cleanrooms are classified by ISO 14644. 

 Group II Good Industrial Level represents the ideal work environment in a factory. 

The Good Industrial Level can only be achieved by using best available technologies 

(BAT) as postulated for example by the US Clean Air Act of 1990
51

 and the EU 

Industrial Emissions Directive of 2010
52

.  

 Group III General Industrial level can be achieved by generally reaching the levels of 

Good Industrial Level for most contaminants with some individual exceptions. 

                                                 

50
 c.f. www.cdc.gov/niosh/baqtoc.html 

51
 c.f. www.epa.gov/air/caa/index.html 

52
 c.f. http://ec.europa.eu/environment/air/pollutants/stationary/ippc/index.htm 
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 Group IV Minimum Industrial Level is achieved if at least all contaminants are below 

their legal OEL. It is the lowest level allowed in spaces where humans are to enter. 

The OEL are among others set by law, health organisations, workers guilds and unions 

and standards.  

 Group V Nonoccupied Zone describes a zone where contamination OEL does not 

need to be considered. This might be the case for concealed rooms with no human 

access and complete isolation from its surroundings. An example for this is a tank or 

an environmental chamber. 

Regarding the levels of flammable vapours that could cause explosions an essential safety 

level needs to be ensured since such sources of explosions are present in many manufacturing, 

production and converting processes and these explosions may cause injuries and downtimes. 

Since explosions and fires may be oxidations (using oxygen) and reductions (releasing 

oxygen) and can be ignited in several ways (e.g. sparks, friction, discharge) the only safe way 

is avoiding critical concentrations of flammable vapours.  

The critical concentrations of vapour have a lower and an upper limit. If the concentration is 

below the lower limit (usually called Lower Flammable Limit - LFL or Lower Explosive 

Limit - LEL) the concentration of “fuel” is too low to ignite. If the concentration is above the 

upper limit (usually called Upper Flammable Limit – UFL or Upper Explosive Limit – UEL) 

the concentration reactant’s concentration will be too low for ignition. Figure 10 displays this 

concept of LFL and UFL for Methane, Propane, Ethylene and Hydrogen. 

 

Figure 10: Flammable levels of gases53 

In order to operate a safe factory the concentrations always need to be below the LFL. For 

particular processes the margin might be lower if proper analysers and safety systems are 

                                                 

53
 c.f. www.gexcon.com/handbook/GEXHBchap4.htm 
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used. Appendix 12.3.2 displays values for LFL and UFL of some common flammable vapours 

and gases at 20°C temperature and normal pressure. 

Regarding the level of oxygen an upper and a lower limit exist, with the lower one being the 

far more important one. The normal level of oxygen in the atmosphere is around 20,9%.  The 

maximum of oxygen in a confined room is limited by two factors. Firstly high levels of 

oxygen may be considered a health risk (Winter, Smith 1972). More importantly oxygen 

levels of above 23,5% imply a highly increased fire hazard. The minimum level of oxygen is 

defined by health risks and is closely related to the existence of hazardous gases. Low oxygen 

levels occur when oxygen is used up in a confined room without ventilation of some kind. 

Oxygen is used up by chemical reactions mostly creating the gases CO, which even at low 

levels can be poisonous, and CO2, which also implies major health risks at a certain level. 

Levels of CO are thus usually to be below 35 ppm (parts per million)
54

 and levels of CO2 

below 1000 ppm
55

. The following tables 6 and 7 describe the impact of CO and CO2 on the 

human health and wellbeing.  

 

Concentration Level 

of CO (ppm) 
Effect 

35 Headache and dizziness within 6-8 h constant exposure. 

100 Slight headache in 2-3 h. 

400 Frontal headache within 1-2 h. 

800 Dizziness, nausea and convulsions within 45 min. Insensible within 2 h. 

1.600 Headache and dizziness within 20 min. Death in less than 2 h. 

3.200 Headache and dizziness within 5-10 min. Death in less than 30 min. 

6.400 Headache and dizziness within 1-2 min. Death in less than 20 min. 

12.800 Unconsciousness after 2-3 breathes. Death in less than 3 min. 

Table 6: Effects of Carbon Monoxide56 

Concentration Level 

of CO2 (ppm) 
Effect 

                                                 

54
 c.f. www.osha.com 

55
 c.f. www.osha.com 

56
 taken from (Al-Araidah, et al. 2010) 
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>1000 Discomfort in more than 20% of occupants. 

2000 
The majority of occupants will feel a significant degree of discomfort and many 

will develop nausea and headaches. 

5000 OSHA limits for concentration in the workplace for prolonged periods. 

10.000 Under continuous exposure, occupants are likely to feel drowsy. 

14.000 
The concentration of oxygen in the air will have decreased from 20,9% to 19,5%. 

Reducing the oxygen concentration leads to Hypoxia. 

>20.000 Heaviness in chest and/or more frequent and deeper respirations. 

30.000 NIOSH limit for concentration on the workplace for up to 10 min. 

40.000 Considered immediately dangerous to life and health by NIOSH. 

50.000 Exposure for more than30 min. leads to signs of acute hypercapnia (NIOSH). 

70.000 - 100.000 Results in unconsciousness in only a few minutes (NIOSH). 

Table 7: Effects of Carbon Dioxide57 

Since both levels of CO and CO2 lower the concentration of O2, the O2 level is a convenient 

and accurate way of ensuring acceptable levels of CO and CO2. An O2 level of 17% or lower 

implies a major health risk indicating possibly lethal levels of CO, CO2 or both. Thus health 

and safety agencies around the world consider 19.5%
58

 as a minimum level of oxygen safe.  

The interface Indoor Air Quality has an impact on all three major facets of sustainability. 

Firstly and most obviously Indoor Air Quality impacts ecological sustainability. This is 

majorly due to contaminants in the air, which should not be part of the environment. A factory 

thus needs to have the proper installations to clean contaminated air before releasing it to the 

surroundings.  This can for example be handled by installing filtering systems. 

Secondly Indoor Air Quality has an impact on social sustainability, mainly on the health & 

safety concerns of this facet. As stated above hazardous gases and indirectly low levels of 

oxygen must be avoided. Furthermore these levels have not just an impact on the actual health 

but good levels of oxygen and the absence of hazardous gases also promotes comfort, morale, 

productivity and well-being (Singh 1996).  

Lastly Indoor Air Quality also has an impact on several factors of economical sustainability. 

Mainly these are a mid-term investment in state of the art central ventilation systems rather 

                                                 

57
 taken from (Al-Araidah, et al. 2010) 
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than short-term costs for local ventilation solutions, quality assurance through cleanliness and 

the financial impacts of the above mentioned improvements to social sustainability benefitted 

by lower absence rates of workers due to improved health. 

Indoor Air Quality is impacted by several physical elements of a factory. The major impact 

sources in the actual emissions of elements as for example of combustion engines or 

machinery. Furthermore the possibly parallel usage use of oxygen of different elements needs 

to be considered.  

Regarding the positive impacts of elements on Air Quality all kinds of global and local 

sources of ventilation need to be accounted for. The building and many elements of it also 

have large positive and negative impacts on Indoor Air Quality. Indoor Air Quality needs 

therefore already to be considered during the planning of the building like simple things as 

windows for example have a positive, set up and building material for example a negative 

influence (Singh 1996). Research on the so-called “Sick Building Syndrome” has contributed 

to these considerations in recent years.  

Influences of individual elements on the interface and of the interface on individual elements 

can be found in the excel files online at www.sustainable-factory.eu. 

Interface Asset Flow 

The interface Value Flow or Asset Flow refers to the flow of values from the factory to other 

entities of the organisation and the flow of values from the factory to external stakeholders of 

the organisation.  

In an organisation a flow of values exists. Firstly a company purchases the materials, parts, 

services and of course factory elements needed from third parties in order to manufacture 

their product. Thus an external value flow is created. This is generally true for all kinds of 

companies producing manufacturing or delivering services. During the production process 

one department of the company will internally provide services and deliver parts to other 

departments. The same is true for different factories of one company. This creates an internal 

value flow. Finally the company will sell its products and will generate revenue, which 

creates another external value flow (Wobbermin 2008).  

Due to modern manufacturing, which includes concepts like globalization, lean 

manufacturing, Just-in-Time, outsourcing and others, companies are integrated to a high 

degree with all their stakeholders and mainly with suppliers. Owed to this, factories are no 

longer the place of work for just one company but include in addition to the factory owner 
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and the factory operator a multitude of external service providers. One might think of 

specialised temporary workers, suppliers with production facilities on site (known from 

automotive manufacturing), leasing of machinery including maintenance (known from 

construction works) and the like. The value flow in factories therefore is everything but clear 

and can take a diverse range of occurrences.  

The impact of the interface Value Flow is not as diverse as that of other interfaces. However 

its impact on the facet economic sustainability is strong. One factory might be run efficiently 

with a low vertical manufacturing integration as external suppliers can deliver the same 

quality cheaper whereas some high-tech factory will need to have a high in-house production 

depth for example to ensure quality or to build up and keep production knowledge. It becomes 

obvious that depending on the situation the impact of the interface sustainability is strong but 

does not have a clear direction. It only becomes clear if make of buy decisions are calculated 

for a specific production process. 

The facets social and ecological sustainability are only indirectly affected by the interface 

Value Flow as they might be partly ignored when optimising economical sustainability. One 

might think of a lack of training for temporary workers as a negative impact on social 

sustainability or the use of cheap but environmentally unfriendly resources. 

Value flows do not influence physical factory elements. The elements exist with their purpose 

independent from their owner and investment kind. Elements can have an impact on the 

interface value flow however in various kinds. As stated above value flows can take diverse 

ranges of occurrences. Their influence on the interfaces is therefore very much depending on 

their individual set up and circumstances. For the purpose of this thesis an impact is 

highlighted if an element changes classic supply chains in the sense that a one-time 

investment is not just replaced by constant payments. Especially one might think of the 

physical elements electrical supply equipment and heat supply equipment, which after an 

initial investment will replace electricity and / or heat from an outside power plant, but also 

the price for electricity (possibly due to subsidies) and the CO2 creation per kWh. 

A general “good” or “bad” relationship in the sense as it is used for the other interfaces (see 

relevant Excel files) does not exist in the case of value flow, as again it very much depends on 

the circumstances. For this interface “good” relationship shall mean a connection exists. Due 

to the same issue a connection shall also always have strength “medium”. 

Danfang
Markering
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Interface Climate 

Temperature is something that we all are affected by and something that is easily recognised 

as good or bad temperature. In terms of sustainability it affects the health of workers directly, 

as well as the climate and the air quality of the factory, the machines conditions and thereby 

also the quality of the product.  

 

Situation Desired T. Maximum T. Minimum T. 

Person in office environment 22 °C 24 °C 20 °C 

Person on factory floor <18 °C 30 °C 10 °C 

Table 8: Desired temperature for employees in the workplace 

Depending on the type of work performed the acceptable working temperatures differ. Table 

8 above shows the acceptable temperatures for the different types of work. Studies show that 

at too low temperatures it gets harder to focus for a person because the body has a hard time 

focusing on anything but getting warm. At the same time one gets tired and less efficient 

when it is too warm
59

. 

At times it becomes necessary for temperatures to be above and below the recommended 

values as for example in a cold storage or where an oven is placed. In this case it is the 

employer’s responsibility to provide equipment for making the work in this area as harmless 

as possible
60

.  

It is difficult to say if a machine, computer or person affects temperature negatively or 

positively as it always depends on the temperature difference between the actual and desired 

temperature. Everything that is not designed in order to change the temperature actively in 

any way will in this thesis be considered a bad influence on the interface regardless if raising 

or lowering the temperature.  

Different things affect the temperature inside a building air conditioning being the most 

obvious one, but several other items exist. Additionally the human body also produces heat. 

In a still sitting office environment a human body exudes around 125 W, while more active 

work for example on the factory floor raise this number to about 375 W
61

.  

                                                 

59
 c.f. (Middelmann 2009) page 7 

60
 c.f. (Middelmann 2009) page 60 

61
 c.f. (Haines, et al. 2003) page 47 
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Equipment/Task Energy produced 

Person in office environment 125 W 

Person on factory floor 375 W 

Person on busy factory floor 472 W 

Machine controlling conveyor belt 375 W 

Average machine 3.4 kW 

Table 9: Energy production of workers62 

Interior equipment (e.g. lighting) and the building itself also affect temperature. The heat 

gained from lighting depends on the kind of lighting (e.g. fluorescent or incandescent) and on 

the number of lights and the strength
63

. The building is affected by the outside environment 

and since striving for equilibrium it means the temperature difference between the inside the 

factory and the outside will affect the inside climate
64

. The temperature loss can occur 

through walls, floor and ceiling but most affected is the building by the windows and their 

design. Depending on the size, isolation and number of glasses in the window, more or less 

heat will get out through them
65

. 

All calculations regarding temperature and efficiency are averages. For specific factory 

planning more accurate calculations for the exact strength and efficiency are needed. 

Influences of individual elements on the interface and of the interface on individual elements 

can be found in the excel files online at www.sustainable-factory.eu. 

Interface Communication 

The interface communication refers to all informal verbal and visual (non-verbal) 

communication between people without using technical equipment.  

In contrast to the interface information flow the interface communication accounts for the 

human factor of communication. Communication in the work place can generally be divided 

into work related and non-work related communication. Studies show that non-work related 

communication takes up to 10% of all communication in the work place (Kraut, et al. 1990). 
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 c.f. (Goldemberg, Lucon 2009) page 244 

63
 c.f. (Tompkins, et al. 2010) page 78 

64
 c.f. (Tompkins, et al. 2010) page 80 

65
 c.f. (Haines, et al. 2003) page 38 
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Both can have positive and negative impacts on productivity. Work related communication 

occurs on many levels. It ranges from simple instructions, warnings, questions and responses 

(“This batch needs to be finished by three pm!”, “Careful, coming through!”, “Where is the 

screwdriver?”) over training on the job to complex problem solving sessions (Stubbe 2000). 

As such work related communication is absolutely necessary to ensure a factory’s 

functionality. On the other hand work related communication can be seen as a disruption of 

the planned work process as well as a distraction of the current task of a worker and can as 

such have a negative impact on performance also (Arora, et al. 2011). Non-work related 

communication though only taking up 10% of all communication is already by definition a 

distraction from the task to be performed (negative impact). But studies have stressed the fact 

that this non-work related communication is in fact a key component to effective teamwork 

and –building. As teamwork is recognised to be a success factor in modern manufacturing 

non-work related communication is therefore a key positive factor on performance at the 

same time. Current studies focus on the direct impact of kind and percentage of work and 

non-work related communication but so far only come to the conclusion that it is up to the 

individual workplace (factory) and team to find optimum combinations (Stubbe 2000). It is 

clear however that communication is a key component of every factory since the positive 

effects of communication counterbalance the negative impacts. 

Influences of individual elements on the interface and of the interface on individual elements 

can be found in the excel files online at www.sustainable-factory.eu. 

Interface Energy Flow 

The interface Energy Flow refers to the need for energy of some elements and the distribution 

and disposal of energy. Depending on their kind factory elements are in need of certain forms 

of energy, which needs to be supplied, or have an excess of some energy form, which needs to 

be disposed of. Thus the interface Energy Flow describes the locally and timely correct 

allocation of energy of the required form. Forms of energy in factories are mainly but not 

exclusively electricity, gas and steam. 

As stated above the interface Energy Flow owes its existence to the need of factory elements 

for certain kinds of energy. Though the interface itself describes the correct allocation of 

energy the energy consumption and energy production of the factory elements have to be 

considered first as these are the key input and output variables for the interface Energy Flow. 
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Energy is the subject of the science of thermodynamics which lays out the basic rules any 

view on energy needs to follow. Namely these are the four laws of thermodynamics of which 

the first and the second one have major implications for factory planning. 

First law of thermodynamics: The internal energy of an isolated system is constant. The first 

law has implications for the factory as a whole and for the individual elements.  The factory 

as a whole will have the same input of energy as it has output. This equilibrium though does 

only account for the sum of all kinds of energy. The output of energy of a firm will usually be 

taking the energy form of heat. One exemption from this would be a factory with major 

production of electrical energy, which is sold to the open market. The input of energy into a 

factory will usually be taking the form of electrical energy from the grid, energy stored in gas 

or steam or non-processed energy as for example from sunlight. The same explanation is valid 

for every single element of the factory.  

Second law of thermodynamics: Heat cannot spontaneously flow from a colder location to a 

hotter location.  This second law refers to the irreversibility of natural energy transfer and 

transformation processes. It mainly means that losses of usable energy need to be included 

into the planning of energy supply. Furthermore this calls for an order of energy supply to the 

elements depending on the form and condition of their energy needs. For example can 

electricity be turned into heat more easily than the other way around and hot steam can be 

turned into hot water but not the other way around without new supply of energy. In 

thermodynamics terms this refers to the difference of exergy and anergy, exergy being the 

useful part of energy. During a transfer or transformation of energy the anergy level rises 

while the exergy level falls due to the increase of entropy. For factory planning this implies 

that elements with a need for energy with a higher level of exergy (lower levels of entropy) 

need to be supplied before elements, which can cope with energy with higher levels of 

anergy. One implication could be the use of waste heat from an element with a conversion 

from energy in electrical form to energy in form of physical movement for the process of 

another element. 

Regarding the impact on sustainability the interface energy flow has a major impact on 

diverse aspects of sustainability. Especially the energy usage is a major aspect of ecological 

and economic sustainability. For as long energy is taken out of fossil fuels it negatively 

influences the capacity of fossil fuels on this planet and harms the environment by releasing 

CO2 and other hazardous gases. 
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The interface energy flow influences and is influenced by many elements.  Many elements 

need energy to be able to operate; other elements produce energy in the correct kind for other 

elements (e.g. roof elements with solar panels or generators). Some more elements are 

responsible for actually moving the energy from one place to the other (e.g. power installation 

elements). 

Influences of individual elements on the interface and of the interface on individual elements 

can be found in the excel files online at www.sustainable-factory.eu. 

Interface Information Flow 

Information flow consists of all communication inside a factory with the help of technical 

aids. It distinguishes itself from the normal communication flow through not using verbal 

communication but technical aids whereas communication is verbal and visual 

communication between two persons
66

.  

Many times the relevant information can exist within the company but it is not getting out to 

all parts of the organization. The problem is to make this information visible and accessible 

for the employees
67

. Ways have to be found to spread the information as well as getting it 

understood. The information flow in factories has steadily increased, however people’s ability 

to absorb and understand information has remained the same. This puts more pressure on 

finding ways of making information understandable
68

. Depending on type of information and 

on situation it also needs to be presented and applied differently
69

. Different types of 

information going through the information flow carry different types of information. Main 

categories are between computer and computer, computer and human and between human and 

human. The goal is to have direct paths for the information flow to avoid effects such as the 

Chinese whisper. This can be achieved by looking at what kind of information spreading is 

necessary, from where is it coming and where is it going
70

. Information that is sent, 

information can be empowering but in today’s society the risk of information overload is 

great
71

.  

                                                 

66
 c.f. (Wiendahl, Denkena 2005) page 24 

67
 c.f. (Hitchcock, Willard 2009) page 117 

68
 c.f. (Hak, et al. 2007) page 68 

69
 c.f. (Chen 2009) page 16 

70
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In terms of sustainability information plays an important role. It shows what is necessary to 

achieve sustainability, what needs to be done, what the next step looks like and what the 

vision is. It can also help to give measurable indicators on how the company or factory is 

performing and shows where improvements are necessary to achieve sustainability
72

. 

Unused information can also be seen as a liability since it is costing money through hardware, 

software and IT-staff
73

. Collecting data is also a costly process. Thus either not using it or 

having a system unable to handle it will also have a negative impact on the economical 

sustainability
74

. Not only the current profit is affected by the information flow, future profits it 

as well. Information regarding previous sales and markets help create forecasts on future 

sales. Based on this strategic decisions can be made which can reach far into the future. If this 

is set wrong the losses in the future could be significant.  

In terms of what elements have an influence on the interface information flow the type of 

communication needs to be considered. In regards to information between computer and 

computer or computer and human, all information is in digital form and helping transfer and 

to translating the information affects the interface information. This includes for example 

Internet devices, computer screens, keyboards and computers. In the human and human 

information flow this concerns everything electronic over which communication can be 

transmitted, for example a speaker system, telephone, fax, bulletin board, et cetera. Also items 

for storing information are vital including computers and servers among others. All things, 

which help simplify complex information to be something readable and understandable, have 

a positive influence on the interface
75

. 

Influences of individual elements on the interface and of the interface on individual elements 

can be found in the excel files online at www.sustainable-factory.eu. 

Interface Light 

The ability to perform at work, show the task at hand as well as present potential warnings, 

guidance and avoid accidents are all tasks dependant on the existence of light. There are two 

ways of lighting something, either with natural sunlight or with artificial lighting. Sunlight is 

the better form of lighting because it is natural, free and the human eye is accustomed to it. 
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Therefore should as many parts of the work place where sunlight is appropriate have access 

to
76

.  

Light is measured in lux, which is lumen/m
2
. The amount of lux required in a work 

environment depends on the work assignment as well as the age and eyesight of the 

employee. An average light requirement in office environments is around 10 lux and in a 

factory it lies between 10 to 50 lux
77

. This is however only an average ceiling light 

approximation, on reading surfaces, in hallways, corridors and storage rooms the requirement 

are not as high, here they are usually below 5 lux. The light level is not the only aspect of 

light that needs to be considered, it is also for example the glares and reflexes
78

. Both glares 

and reflexes are undesired and can be avoided through correct lighting, for example with 

uplights, or shades to block out sunlight.  

Without sufficient lighting the physical effects can be headaches, reduced eyesight and 

fatigue. This is directly related to the workers’ health and therefore a part of the social 

sustainability. It also has an effect on the energy and climate, based on that with reduced 

natural sunlight and lighting efficiency, more artificial lighting will be needed. Artificial 

lighting needs electricity and has therefore a big impact on energy consumption. Regardless 

of which type of lighting it is, it also has an impact on the climate since both sunlight and 

lamps can work as heat sources, which can affect the indoor temperature a lot
79

. 

The built environment and light are closely intertwined. Several aspects of the built factory 

will decide the amount of sunlight and how it will affect temperature. In which direction the 

building is built will determine the amount of sunlight the building gets during the day. Also, 

the number, size and location of the windows will affect it; the more sunlight can be let in will 

results in less dependence on artificial lighting. When natural sunlight is used properly it can 

reduce the need for artificial lighting up to 50%
80

.  The size and positioning of the windows 

becomes increasingly important further into the factory since the question there is how far the 

sunlight can reach. The spread of light can also be improved by the use of open architecture 

and reflective surfaces. Reflective surfaces can be used on walls, floors and ceilings. This, 

alongside with the colour chosen (for example a bright colour reflects light better than a dark) 
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affects the amount of light that can be spread
81

. At times it can also be desired to stop the 

light; this can be done with blinds or shades. They can be used to stop dazzling effects or 

simply darken the room inside. Depending on which type of blind is selected, a different 

amount of light is stopped. Windows are required to have blinds in order to provide a safe 

work environment for the employees (Middelmann 2009).  

Interface Material Flow 

The material flow consists of all movement of material, parts and supplies within a factory
82

. 

Ideally this only concerns material going to equipment and machines and material taken away 

from them. It can however also at times concern moving storage around and moving items 

which are located in the wrong place
83

. Material flow concerns the material that is being 

moved, the equipment that is performing the movement as well as the communication that 

coordinates it. The goal for material flow is to make sure that materials are at the right place 

at the right time.  

Costs of material flow are influenced in several ways. The most common minimization of 

costs is eliminating unnecessary movement of material and automating flows. This means that 

elements creating a more automated system have a positive influence on material flow. Items, 

which streamline the material flow more efficiently and faster, also have a positive influence.   

Elements that help the material movement to function as efficient as possible have positive 

impacts on the material flow. This is usually a task for the material flow information system, 

which is responsible for the coordination of movements. The information can consist only of 

an IT system but usually include other items that will help communication and thereby 

coordination. This could be production schedules, Kanbans, bar codes, assembly charts and so 

on
84

. When a product is removed from the normal material flow in order to be measured or 

tested, this prolongs the time and the distance the product flows. This has a negative impact 

on material flow even though it is crucial to test products. Ideally tests are performed 

automatically within the regular flow by integrating testing equipment within the flow or the 

machines.  
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Interface Medium Flow 

Medium in this context shall be all supplementary mediums needed to run and use the 

elements of a factory as for example water, pressurised air
85

 and cooling lubricants. Medium 

Flow refers to the distribution and disposal of these mediums to and from the physical 

elements of a factory. 

The interface medium flow not only takes into account one medium but several with very 

different properties. Thus the interface medium flow cannot be described generically as 

mediums could be solid, liquid and vaporous mediums in general and specific in many more 

ways. 

Mediums can be distributed and disposed of in three different ways: manually and with 

technical help in continuous and discontinuous ways. Favourably mediums are distributed 

with technical help. One example would be the delivery of pressurised air through a 

centralised compressor or a central pipeline for specific technical gases. Other mediums like 

oil might be transported in barrels and need to be fetched by the worker working the machine 

in need. This would be negative for the worker’s productivity but possibly cheaper than a 

centralised greasing system.  

Independent from the mode of transport it is important that all elements get supplied with the 

necessary mediums at the right time and can dispose of them later. Many elements even rely 

on this in order to be operational. Since the delivery is mandatory the mode of delivery is the 

factor that can be changed. Thus choosing how mediums will be delivered to the right place 

of the factory can influence sustainability but the influence very much depends on the 

specifically chosen element. 

Influences of individual elements on the interface and of the interface on individual elements 

can be found in the excel files online at www.sustainable-factory.eu. 

Interface Personnel flow 

The personnel flow concerns all movement perform by personnel inside the factory as well as 

the movement in and out of it
86

. This includes the physical movements as well as the more 

abstract movements within the organization to new positions and tasks. In terms of the 
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physical movements the goal is to minimize them in order to avoid waste
87

. Some movement 

will be required to exist in order to keep the flow functioning and it is possible to break 

monotony by moving around
88

.  The abstract movement is important in order to keep 

personnel within the company. It is also a sign of a healthy working environment that people 

want to stay and that the staff turnover is low
89

.  

It is not only movement but also all activities, which the personnel perform that influence the 

personnel flow. Basically all parts of a normal working day are parts of the personnel flow as 

well. This means that important aspects are ergonomics, safety and control. There are rules 

affecting these aspects and regulating the work time, breaks and the possibility to have some 

influence over their workday and environment
90

.  

The personnel flow has an impact on all three kinds of sustainability. It is therefore directly 

correlated to the health and security of the personnel. It has therefore a direct impact on social 

sustainability; this is obvious when considering that the social sustainability is where the 

people come into the picture
91

.   

When looking at the ecological sustainability the interface personnel influences several 

aspects here as well. The government regulates many parts of a factory where people work. 

This is can be everything from the acceptable temperature to how high the level of CO2 is 

allowed to be or how many restrooms there should be
92

. Depending on how many people 

there will be inside the factory different things have to exist inside the factory. It is not only 

how many people that we will be inside the factory, but also how much movement they make. 

This affects restrooms, resting areas, eating lounges, walking aisles among others
93

. These 

aspects are all a part of the built environment, which this interface has a big impact on.  

Since knowledge and experience is expensive to acquire
94

, it is important to maintain it within 

company. Often the knowledge is tied to the employees which means that it is important to 

keep the staff within the organization. To keep people within the organization is not just 

                                                 

87
 c.f. (Womack, Jones 2003) page 31 

88
 c.f. (Middelmann 2009) page 32 

89
 c.f. (Olhager 2000) page 127 

90
 c.f. (Middelmann 2009) page 95 

91
 c.f. (Middelmann 2009) page 35 

92
 c.f. (Middelmann 2009) page 24 

93
 c.f. (Tompkins, et al. 2010) page 278 

94
 c.f. (Hitchcock, Willard 2009) page 30 



Sustainability in Factory Design   Annelie Kanold 

 

43 

 

important to keep the information but also because it is often an expensive and time 

consuming process to hire new people. This is then both a risk of losing reducing the profit on 

a long perspective but also to remove eventual future losses
95

.  

The elements that influence the interface personnel flow are several, for example all elements 

that are handled by an employee. This involves all aspect of the employee work day such as 

moving (e.g. walking aisle and trucks), working with safety precautions and proper 

ergonomics, as well as the extra areas concerning the eating facilities, resting area and 

restrooms among other.  

Since a part of the personnel flow concerns the employees’ education, all parts of the 

educational system and information system have an influence. In another way the education 

level affects the level of automation in the factory. (Hitchcock, Willard 2009) 

Interface Sound and Noise 

Sound is a vibration of air particles propagated as a sound (or acoustic) wave through the air. 

Sounds in a factory have many sources. Some sounds are wanted others are not. Unwanted 

sounds are called noise
96

. Examples for wanted sounds are acoustic signals and music. 

Examples for noise are sounds emitted from machinery. Depending on their kind and 

characteristics sounds have positive or negative impacts on their surroundings whereas by far 

sound’s greatest impact is on humans in a factory.  

Important properties of sounds in the workplace are volume (sound pressure, usually 

measured in Decibel), pitch (frequency, usually measured in Hertz) and duration (usually 

measured in hours, days and weeks). Minor properties are the kind of sound describing the 

individual preferences for sound (for example music taste).  

If sounds are wanted as mainly signals, verbal communication and music are, the target values 

for sound are different than they are for noise. Wanted sounds need to be loud enough to be 

understood by intended recipients (thus for example louder than the background noise), of 

pleasant pitch and only that loud that unintended recipients are not disturbed by it. Especially 

background music for a factory needs to be of a kind that it has only positive effects on 

workers comfort and thus productivity. Noise levels are at their optimum if non-existent. 

Since this especially in a factory cannot be achieved acceptable levels have to be defined.  
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Numerical values for sounds are physically limited by the functionality of the human ear and 

regulatory limited by rules. For the purpose of this thesis we will use best-practise values as 

defined by the EC. The physical limitation exists as the human ear can only recognise sounds 

of a certain frequency band. These sounds are called audible sounds. Audible sounds are of 

frequencies above 20 Hz and below 20 kHz (Publications 2008). Furthermore some scholars 

suggest that even sounds outside this frequency band can impact the human well-being 

causing headaches, tiredness et cetera. Regulatory limits mainly focus on the pressure 

(volume) of sounds since high volumes are a serious health and safety issue. High volumes 

and especially high volumes of noise can cause irreversible deafness, prevent concentration 

thus reducing performance, create stress, imply safety hazards through drowning acoustical 

safety signals and hinder inter-employee communication. The EU and many other regulators 

have thus put noise directives in place. The EU directives on noise are the old 86/188/EEC 

Noise Directive and the newer 2003/10/EC Noise Directive. Appendix 12.3 displays the main 

issues and difference of both directives.  

The main impact of sounds respectively noise targets social sustainability. As described above 

noise has a major impact on worker’s health and performance. If a factory is to be socially 

sustainable noise levels must be kept to a minimum. Noise levels must definitely be below 

regulatory limits as otherwise irreversible deafness of workers can follow on the one hand 

side. On the other hand a loud factory is not considered a good place to work (regarding 

working conditions), which could lead to shortage of trained and skilled staff.  

Regarding ecological sustainability it has to be kept in mind, that animals can be influenced 

by sound even at other frequencies than those audible to the human ear. The noise impact on 

animals can be seen as minor though since the main place of noise is inside the factory. The 

outside is usually well shielded through factory walls.  

For economical sustainability mainly the immediate effects of costs for noise-troubled worker 

needs to be considered.  

Noise is created when air particles are set into movement. It thus needs some kind of energy 

transformation to emission noise. Therefore mainly the equipment category machinery and 

tooling equipment, transport and supply and disposal equipment as categories containing 

elements that transform energy (mostly though engines of some kind) have to be taken into 

account when calculating noise emission. This corresponds to the source of noise. 

Very important are elements transferring noise, hindering noise transportation and hindering it 

from getting to workers. Very simple elements hindering noise transportation are for example 
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walls.  It needs to be kept in mind that next to the impact physical factory elements have on 

the interface it also lists the impact the interface can have on these elements. However this 

only explicitly refers to the direct impact on the elements but sound and noise have mainly an 

impact on human beings and therefore on personnel, which is not considered in the list of 

physical factory elements as stated above. 

Influences of individual elements on the interface and of the interface on individual elements 

can be found in the excel files online at www.sustainable-factory.eu. 

Interface Space and Geometrical Properties 

Space is more than simply the room or value a piece of equipment needs. It is also regarding 

the exact floor area needed, the height it needs and if the top can be reached without extra 

equipment
97

. It is also a matter of how much surrounding extra space is needed to provide 

sufficient space for the workers to perform their duties without compromising their safety
98

. 

The first step is thus the calculation of space the equipment itself needs, the second how much 

space around it is needed to perform maintenance work, refill material and keep the safety 

level high
99

. It is also important to look at all parts of the supply chain with how the raw 

material, the finished goods and the spare parts can be transported to and from the machine to 

and from warehouses and storages
100

.  

To determine how much space actually will be needed is hard to determine. When a facility is 

planned it is planned to be sufficient for at least 5 to 10 years into the future and must be able 

to be adapted for different scenarios that might occur
101

, with increase or decrease in 

production rate, new improved equipment, new products and more. The more flexible the 

factory is built to be, the more space will be needed. The physical limitations such as roof 

loads and walls will then have to be made either stronger so that heavier equipment can be 

used or made non-bearing so that they can be knocked down (Corbitt 1999).   

The need for space and the built environment are closely intertwined. It is the space 

requirements that decide if old facilities can be used or if a new facility needs to be either 
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purchased or built. As mentioned before, the flexibility of the built environment will also 

decide how long the existing facilities can be used.  

The goal is to minimize the cost of flow and to remove all unnecessary movement for the 

personnel and material
102

. It is also wise to remove fluctuations in batch sizes and the amount 

held in storage in order to keep the space requirements of the storage steady and small. The 

amount of storage needed, as well as the space needed for the production area will depend on 

which type of flow and organization the factory concept is based on
103

.  

Several guidelines of space requirements in environments where humans work and interact 

exist. The most important one is enough space to move and work without risking personnel 

safety. Regulations lay out for example how much space is needed for a desk with one person 

working at it, how big lunch room or resting area are required to be or how wide a walkway 

on the factory floor should be
104

. The more people work in the factory the greater is the 

demands for social rooms.  

The elements that will have the most impact on the interface space are first and foremost the 

restrictions in form of walls, ceilings, pillars and the like. Secondly bulky equipment, which 

needs a lot of space surrounding it to ensure access for maintenance and service, impacts 

space requirement heavily. The supporting systems also require much more space than they 

are large. Trucks for example need aisles to be able to drive around. Depending on how 

frequently they need to move two-way aisles might be needed for two-sided traffic.  

Other elements influence the interface space positively. Reports have shown that companies 

who use Kanban boards and systems need less storage and therefore less space
105

. 

Additionally more ways of decreasing the need for storage exist as for example smaller 

batches or a pull-flow
106

, to build higher and using a stacker crane or automatic storage 

systems to reach and use the height.  

Bulky equipment that requires a large floor area has a negative impact on the space interface 

since it takes up large parts of the building. To find solutions which require less space will be 

more important in the future since some locations are already rather crowded. This will 
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increase even further in the future. Equipment facilitating a decrease in need for space or use 

height rather than width will therefore have a positive impact on the interface. Many 

producers claim that their conveyor belts save space due to their ability to be modified to fit 

into existing layouts and minimize the need for material transports
107

.   

Influences of individual elements on the interface and of the interface on individual elements 

can be found in the excel files online at www.sustainable-factory.eu. 

Interface Vibration and Force 

Vibrations are oscillations in a system, which can move with different amplitudes and 

frequencies. In some cases they are desired such as with vibration feeders, vibration tools and 

loudspeakers, however in a factory environment they are usually the result of unsteadiness 

and the system or machine trying to get back into neutral position
108

. Vibrations can be 

studied in order to see if the machine or equipment is working properly. If a system starts to 

vibrate or vibrations increases it could be an indicator for it not working properly (Mobley, et 

al. 2008).  This can at times be quite easily noticed since vibrations are a common reason for 

noise, which thus in return can indicate vibrations and faults
109

. 

Dampeners and isolators work against vibrations. They are absorbing movement and try to get 

the system back into equilibrium. They usually work as isolators by absorbing the energy 

from the motion. Another alternative is to place the vibrating equipment on a reinforced 

foundation for the foundation can then absorb the vibration. Dampeners are used to stop the 

vibration from transferring from the equipment to the foundation and the other way around. If 

dampeners and foundations are not strong enough vibrations are transferred from the 

equipment to the foundation, which can then transfer these to all the other equipment (Harris, 

et al. 2001).  

Vibrations have a negative effect on the built environment. Since vibrations are waves they 

can easily be transferred to its surroundings and seriously damage the built environment. On 

other equipment vibrations can loosen bolts and screws which reduces the expected life of a 

machine (Mobley, et al. 2008).  
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The effect of vibrations on the human body is negative. Vibrations can cause permanent 

physical injury
110

. Human interaction with tools is described by how the machine is handled. 

A handheld machine affects through hand and arm vibrations. While sitting or standing inside 

the machine or if the vibrations are transferred to the entire body it is referred to as whole-

body vibrations
111

. The recommended value for vibrations is to keep vibrations at a lowest 

rates since even small vibrations can create an uncomfortable environment and annoyance 

(Harris, et al. 2001). However as it is unlikely to achieve this in a factory, vibrations have to 

be kept below regulatory limits, which for hand-arm vibration is 5.0 m/s
2
 and for whole-body 

vibration is 1.1 m/s
2
.
112

 

Since no objects are influenced in a positive way by vibrations the classification is limited to 

elements, which are especially sensitive to vibrations. Such items are for example elements, 

which have direct human contact, those, which are dangerous if the vibrations cause loosing 

cargo or unscrewing of bolts and measuring devices with vital exactness. Some elements 

cause vibrations and are influenced by vibrations, for example a crane which is controlled by 

personnel located within it.  

Influences of individual elements on the interface and of the interface on individual elements 

can be found in the excel files on the attached Data CD and online at www.sustainable-

factory.eu. 

3.2.4 SUSTAINABILITY 

Sustainability in Factory Design includes is hard to put into definitions and numbers as 

described in chapter 2.4. For this thesis sustainability is set to be three faced containing 

economical, ecological and social sustainability aspects. The most accurate description of 

sustainability and sustainable development published by the UN though found it hard to fit all 

topics relevant into just one of the three topics and moved to a new classification of themes 

and sub-themes with partly overlapping indicators for the different aspects of sustainability. 

This thesis however attempts to be as generic as possible and therefore needs to be 

comparable and attachable to three-faced sustainability as it is the standard in academic 

research. The second set of indicators (the current being the third) of the CSD of the UN was 

still based on four pillars, including the known three and an institutional aspect of 
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sustainability covering state wide indicators like disaster preparedness. For this work the new 

sub-themes of the UN are integrated with the traditional three-faced framework to incorporate 

the benefits of both sides. Table 10 lists an extract of the 32 relevant sub-themes of the third 

set of indicators introduced by the UN, their adapted sub-themes for factory design and the 

chosen category based on in their group in the second set of CSD indicators. The newly 

introduced relevant sub-theme “Vulnerability to Natural Hazards” was assigned to the 

economic aspects of sustainability to incorporate potential future loss due natural hazards. 

The newly introduced sub-theme information and communication technologies is part of 

economic development since its’ parent theme is economic development. 

  

theme name sub-theme name sub-theme for factory 
CSD Dimension 

2001 
Category 

Poverty Drinking water Cleanliness of water Social Social 

Health Mortality Accident prevention Social Social 

Atmosphere Climate change Impact on climate change Environmental Environmental 

Freshwater Water quantity Netto water quantity used Environmental Environmental 

Economic 

development 
Employment Labour productivity Social Economic 

Table 10: Five of the UN 32 CSD Sub-themes 

Using the adapted UN CSD sub-themes for factory design, social sustainability is described 

with 13 sub-themes, economic sustainability with 13 indicators and ecological sustainability 

with 7 indicators. The quantity of different sub-themes does not reflect the importance of one 

or the other aspect of sustainability. It only means that there are more indicators related to that 

aspect that can be adapted to factories than for the other. These indicators can be seen in table 

11 below.  

Ecological Sustainability Economical Sustainability Social Sustainability 

Air quality Dependancy on subsidies Access to energy 

Distaster preparedness and 

response 

Dept ratio of financing Access to food and drinks 

Impact on climate change Energy use Accident preparation 

Impact on ecosystem Information and communication 

technologies 

Accident prevention 

Impact on ozone layer depletion Labour productivity Adjustment to demographic of 

workers 
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Netto water quantity used Level of research and development Cleanliness of water 

Water quality Material consumption Intuitive usability 

 Production depth Pay inequality 

 Profitability Sanitation 

 Transportation Security 

 Waste generation and management Self-explanatory usability 

 Vulnerability to natural hazards Working conditions 

 Production depth 

 

Work’s impact on worker’s long 

term health 

Table 11: The sustainability indicators divided by main category 

The identified factory sustainability sub-themes are generic aspects that describe 

sustainability of a factory. However it is at this point not possible to say more about the 

sustainability of a firm than: the more the sub-themes are taken into account, the better the 

overall sustainability will be. The UN provides indicators to describe the sub-themes with 

numbers. But these can only be treated as indicators and cannot be compared. A sophisticated 

calculation system is needed to make a judgement about the level of achieved sustainability 

compared to another level (see Chapter 7 Future Research). 

For the purpose of this thesis the sub-themes that describe sustainability of a factory are a 

liable basis on which the impacts on sustainability of physical elements of a factory and of the 

interfaces connecting them can be described. 

 

3.3 FOUR CONNECTIONS 

3.3.1 CONNECTION OF THE FACTORY PLANNING FLOW TO ELEMENTS OF A FACTORY 

Since the goal is to connect a factory planning guide with sustainability through elements and 

interfaces, the first step is to connect the factory planning flow with the physical elements of a 

factory. This describes where in the planning process the different elements should be 

considered.  

Since the FPL is used for planning has a top-down approach, which starts with the bigger 

general planning to later in the process go further into details this is adopted to the 

connections. This means that at earlier steps the specified element might not yet be considered 

but rather an element group higher in the hierarchy.   

For example step 2.4.0 Produce Block Layout explains how the area of the factory is divided 

into different blocks (e.g. for manufacturing, assembly, maintenance, emulsion rooms, and 
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others). Since this is an early step with quite vague definitions mostly elements on level three 

are connected and considered as can be seen in table 12.  Since it is a step that has a goal of 

setting a block layout, the elements, which should be considered, are the larger elements and 

element groups, which are a part of the general block layout.  

 

Step in the factory 

planning guide 

Element to consider Comment on the connection 

2.4.0 Produce block 

layout 

1.0.0.0 physical building element Aisles and stuff, storage, extra space for 

personnel, big equipment built in to the 

factory 

  1.1.1.0 foundation element According to the check list on 

produktionslotsen.se 

  1.1.2.0 external wall element According to the check list on 

produktionslotsen.se 

  1.1.3.0 internal wall element According to the check list on 

produktionslotsen.se 

  1.1.4.0 floor and ceiling element According to the check list on 

produktionslotsen.se 

  1.1.5.0 roof element According to the check list on 

produktionslotsen.se 

  1.2.6.0 transport system element 

(built into the structure) 

Those transport systems, which are a part 

of the building, should be considered 

when producing the block layout.  

  1.2.7.0 function-related equipment  

  2.5.2.0 storage equipment  

  2.6.0.0 organisational aid It is put here in order to remember that 

these parts need to be considered as well.  

Table 12: Factory Planning Guide steps with examples of connections to elements 

639 connections between the planning flow steps and the physical elements within the factory 

were made in total. Two elements are not connected to the flow: 1.1.0.0 building construction 

element and 2.0.0.0 equipment. This is because they are too general to be able to define what 

they constitute. Since all elements further down in the hierarchy are connected, one can claim 

that also these two are connected through being a parental of the other elements. There are 22 

elements, which have three connections. This can be explained by the fact that the planning 

process is iterative and some areas are connected to each other.   

3.3.2 CONNECTION OF ELEMENTS OF A FACTORY TO INTERFACES 

The connection between the elements and the interfaces are based on how the elements affect 

or are affected by the interfaces, which are the ways in which elements interact with their 

surroundings. The first distinction made for the connections is whether their impacts is 

outgoing or incoming, thus affecting the interface or being affected by it. For example a white 
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board needs light in order to be used and is thereby affected by light. Windows on the other 

hand do not require light, but can let sunlight into the factory and thereby affects the interface 

light.  

The second distinction is the relation kind of the connections thus saying their impact is 

positive or negative (or neutral). It is quite clear for the previous example that both 

connections are positive. The white board is positively affected by light and windows help 

lighting the factory. It can also be distinguished for some interfaces if the effects strong, 

medium or weak.  

The difference, which can be seen in in figure 11 below, between outgoing and ingoing 

affects are their distinctive values. The outgoing connections can in some cases be assigned 

with a specific value explaining the strength of the impact on the interface. It is for example 

possible to determine how much an element vibrates and thereby assign a specific value to the 

connection.  

In the other direction a specific value describes how much affect an element can take before 

the element’s sustainability is damaged. This is done by assigning a target value and an 

interval in which acceptable values lie. For example, all elements which interact with 

personnel are influenced by the interface Climate with a target value of around 20°C with an 

interval between 14-30°C
113

. 

 

Figure 11: In- and outgoing connections between elements and interfaces 
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It is however not possible to assign values to all connections. Due to the nature of the 

interfaces some interfaces such as light, air quality, sound-noise et cetera can be assigned 

values because the values are a distinctive description. The other kind of interfaces such as 

personnel flow, communication, information et cetera cannot possibly be measured as abstract 

indicators can only describe them. It is thereby not possible to assign values to neither the 

ingoing nor the outgoing connections for this kind of interfaces. 

Even for connections with measureable interfaces it is not always possible to assign values. 

This is because of the generic nature of the element hierarchy where not specific models of 

elements but more a type of element exist. It might also be difficult to find reliable values. 

Such connections were not described with values in this thesis.  

3.3.3 DIRECT CONNECTION OF ELEMENTS TO SUSTAINABILITY 

Physical Elements of a factory have a direct impact on sustainability. Yet the impact an 

element has on sustainability is very much depending on the actual specific element and it is 

impossible for most generic elements to specify their generic impact on sustainability. A 

modern machine for example will have a very different effect on the sustainability aspect 

material usage than a 20-year-older machine of the same model. For some groups of elements 

though the impact on sustainability aspects is a little more obvious. For example decreases a 

foundation element the vulnerability to earth quake damages. An external wall increases 

security and decreases the vulnerability to wind. An internal wall keeps areas of different 

sanitation and danger apart, but increases transportation needs due to longer ways. Floor 

Elements keep chemicals and wastewater away from the grounds. A roof element increases 

the working conditions due to less impact of the sun, but limits the lighting with sunlight. 

Sewerage, water and gas systems increase sanitation, cleanliness of water the access to drinks 

(water), decrease water quantity used, improve water quality, and decreases the impact on the 

environment due to their ability to collect waste water rather than getting it close to the 

ground water. A heat supply increases the access to heat energy, improves the working 

conditions during cold times (night), but uses energy. An air treatment system improves 

sanitation and the working conditions and therefore has an impact on worker's health as they 

breathe cleaner air. It reduces the uncontrolled leakage of climate changing and ozone 

harming gases (like CO2), and decreases the impact on the directly surrounding ecosystem. A 

power installation increases the working conditions through less manual labour and enables 

information (computer) and communication (signals). A communication system enables 

communication. A transport system decreases manual labour thus increasing labour 
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productivity and increases transportation possibilities. Function related equipment increases 

working conditions and access to food (kitchen) and the adjustment to demographics (e.g. 

through elevators). Building automation increases intuitive usability (e.g. through motion 

sensors). Energy supply equipment increases the access to energy, and has an impact on 

energy usage. Water supply improves sanitation and cleanliness of water, reduces netto water 

quantity used and improves water quality. Sophisticated computer equipment raises the need 

for specialist and therefore the pay inequality.  

The database contains several examples of connections of generic physical factory element 

groups to sustainability as can be seen in Appendix 12.2. However to describe the direct 

impact one physical factory element has on sustainability and even more to quantify this 

impact in order to compare its impact much more research needs to be done and is only 

possible if the very generic description of a factory is partly given up to describe one kind or 

one specific factory more detailed.  

3.3.4 CONNECTION OF INTERFACES TO SUSTAINABILITY 

Interfaces are the ways elements interact with their surroundings and therefore with other 

elements (see chapter 3.2.3). UN CSD indicators adjusted to factory design describe how 

sustainability can be achieved. (See chapter 2.4). The interfaces being ways elements interact 

with their surroundings thus also can have an impact on sustainability. Table 13 displays if an 

interface could possibly impact a sustainability theme, based on experience. For example 

improves better air quality in a factory the labour productivity, the price paid for altering the 

air quality through cleaning is a higher energy usage for filters or exhausts.  
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Table 13: Connection between Interfaces and Sustainability 

In total interfaces impact the sustainability indicators in 150 ways. It has also to be noted that 

every interface could impact the sustainability theme profitability in a way (usually in the 

opposite way it impacts another sustainability theme, as typically the improvement of 

sustainable development costs money). Twelve of thirteen interfaces also could impact the 

working environment and through this indirectly or directly eleven of thirteen interfaces have 

impact on labour productivity. On the other hand the sustainability themes pay inequality and 

self-explanatory usability are not as likely impacted by the interfaces as others as less 

connections exist. The explanations for the individual connections can be found in an Excel 

sheet online at www.sustainable-factory.eu.  

Again as stressed so many times before the impact can hardly be quantified while generic 

elements are one key component of a model connecting a factory design flow to 

sustainability. The impact the elements have on their surroundings (interfaces) can only be 

quantified if a specific element is chosen. The impact on their surroundings also would 

quantify their impact on sustainability themes. However the existence of the possible 
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connection is a good indicator for finding possible opposite effects on different themes of 

sustainability when a decision about an element is made during the planning of a factory. 

3.4 IMPLEMENTATION AND MEANS OF REALIZATION 

In order to be able to present the results from the model, it has to be adapted to something 

more user-friendly than large excel lists. This thesis chose to present the results on a webpage 

with a database connection that will be able to handle the logical setup of the model. The 

reason for using a database is the usability of it. The build-up is easier to understand without 

much research having to be made and the results can therefore easily be used again in other 

projects or changed and expanded in order to have a more extensive database.  

3.4.1 DATABASE OF BLOCKS AND CONNECTIONS 

The database is based on the model and structure of the thesis. Based on this model, a 

database structure was drawn up. The four grey boxes in figure 12 represent the four corners 

of the model. The connections in between them also consist of database tables. They are 

represented with a red frame. The complete structure of the database can be reviewed in 

appendix 12.4. In order for this product to be useful over time it is necessary that it can be 

updated and altered in order to fit different users.  

 

Figure 12: Simplified picture of the database model 

The setup of both the database and coding is kept as simple as possible in order for future 

projects to be able to understand the structure as well as to continue working with it. Another 

positive aspect of using a database connection is that not only more instances of all tables can 

be created but also that more attributes can be added if at a later stage this is deemed useful.  
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3.4.2 USED TECHNIQUE 

In order to get the results wanted from the database, SQL-queries (Structured Query 

Language) are used. It can be used to filter results or to show those steps, elements, interfaces 

or aspects of sustainability that are most relevant for the moment. 

The most straightforward use of this is to find the connections between all tables within the 

database in order to present it to the user. It is also possible for those cases where measurable 

interfaces are used, to point out where elements do not fit together. When for example 

element 1 gives out enough heat to raise the temperature over the acceptable interval for 

element 2.  

 

 

Figure 13: Pages and SQL-queries of the website 

3.4.3 FINAL RESULT 

The end result is a webpage built in a similar way to the model in order to achieve consistency 

and user friendliness. To have a closer at this go to www.sustainable-factory.eu.  
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4 RESULTS 

The results that came from the model and the entered the instances are presented in this 

chapter.  

4.1 PRODUKTIONSLOTSEN AND WEBPAGE 

The webpage will guide the user through the factory planning process. The focus of the 

product does not lie on the planning process itself, as the solution will be semi-integrated with 

the FPL (see below). Only a brief description of the planning flow steps is presented. To get 

the more detailed descriptions and explanations the user will have to buy access to 

www.produktionslotsen.se. The focus of the webpage lies on the effects that the elements can 

have on sustainability.  

 

Figure 14: Front page of the website 

When browsing through the website, the user starts by choosing one of the four corners of the 

model. From there it is possible to navigate by clicking specific items within each category to 

get further information. The information can be presented either short and brief or with more 

details.  

4.2 RESULTS FROM THE MODEL  

This thesis has resulted in a total of 3974 entries in the database. Out of that 583 are part of 

the corner structure (that is elements, planning flow steps, interfaces and aspects of 

sustainability) and 3391 connections. The biggest part of the corner structure is the table of 
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elements with just below 500 elements. The largest connection is the one between the 

elements and the interfaces with around 2500 connections. This connection has approximately 

five connections per element with slightly more weight on the outgoing connections. 

 

Type  Total number Positive (if existing) Negative (if existing) 

Number of planning flow steps 38 n/a n/a 

Number of elements 497 n/a n/a 

Number of interfaces 13 n/a n/a 

Number of sustainability aspects 35 n/a n/a 

Connections between flow and 

element 
639 n/a n/a 

Connections between elements 

and interface (outgoing) 
1335 355 980 

Connections between elements 

and interface (ingoing) 
1158 827 331 

Connections between elements 

and sustainability 
109 100 9 

Connections between interface 

and sustainability 
150 n/a n/a 

Total 3974 1282 1320 

Table 14: Statistics of database 

The corner structure only makes up for 15 % of the database entries. The important values for 

results are those connecting the corners. Table 14 it is presents the entries in the database. It 

shows the number of entries for the four blocks of the model and the numbers of connections 

between them. The connections are divided up on positive and negative ones where possible. 

4.2.1 CONNECTION BETWEEN ELEMENTS AND INTERFACES 

As mentioned above the most detailed connections are the ones between elements and 

interfaces. Table 15 shows the numbers for the connections organized by interface and 

positive and negative connections. The interfaces with the largest amount of connections are 

Energy Flow, Climate, Light and Vibration-Force. The reason for this is covered further down 

in this chapter.  

 

Interface Number of connections Positive Negative 

Energy Flow 530 270 260 
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Climate 378 32 346 

Light 374 362 12 

Vibration-Force 372 25 347 

Sound-Noise 210 17 193 

Medium Flow 141 141 0 

Information Flow 129 129 0 

Air Quality 113 27 86 

Space-Room 105 58 47 

Personnel Flow 60 48 12 

Material Flow 50 44 6 

Communication  25 23 2 

Asset flow 6 6 0 

Total 2493 1182 1311 

Table 15: Interface connections 

The following chapter describes the important connections in greater detail. 

Energy Flow 

Energy Flow Number of connections positive negative 

Interface affects the elements 260 260 0 

Interface is affected by elements 270 10 260 

Total 530 270 260 

Table 16: Energy flow connections 

Energy flow is the interface with the most connections to the physical elements of a factory 

with 530 connections as shown the table 16. 260 elements are affected by the interface. All of 

these are positively influenced by it. There are however only ten positive connections for 

elements influencing the interface, whereas 260 elements have a negative impact on it. The 

result that the same amount of elements is positively affected by the interface, as elements 

have a negative impact on the interface is no coincident. The elements positively affected by 

the interface are those, which need electricity in order to function properly. Elements that 

need electricity to function though will also put a strain on energy flow and thereby have a 

negative impact on it. The ten elements having a positive outgoing effect on the interface are 
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distributing or creating electricity and energy (e.g. high and medium voltage plant, power 

installations, low voltage switch-gear et cetera).  

Climate 

Climate Number of connections positive negative 

Element is affected by interface 79 0 79 

Element affects interface 299 32 267 

Total 378 32 346 

Table 17: Climate connections 

Climate is one most connected interface for several reasons. The most influential reason is it 

being an interface with impact on elements without being attached or dedicated to them. It 

affects all surroundings and thus does not need to be connected to an element in order to 

affect it. Since it is part of the surrounding environment it is hard to avoid it without 

enclosures.  As can be seen in the table above, most connections are of elements affecting the 

interfaces. Most of these are negative.  

The reason for the high number of negative impacts from elements is due to inefficiency of 

machines and engines. The energy input for a machine’s desired movement or duty, which is 

not transferred into such, is released into the air as heat. The connections have been given 

values where reliable values could be found, but even then the values most often are an 

average of the different models. The exact amount of heat exuded by the elements should be 

looked into more thoroughly before deciding on a specific model of an element. If engines 

become more efficient this interface will become less and less influenced by the elements.  

Positive impacts on the interface are created mostly by elements whose task is to affect the 

interface (e.g. heater, air conditioning system, windows et cetera).  

The elements affected by the interface are those either occupied or directly handled by 

personnel, those sensitive to fluctuations in temperature or temperature divergence from the 

standard (e.g. servers, desks and almost all elements with human contact).  

Vibration and Force 

Vibration-Force Number of connections positive negative 

Element is affected by interface 146 5 141 

Element affects interface 226 20 206 
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Total 372 25 347 

Table 18: Vibration - Force Connections 

Vibration-Force unlike climate is an interface that needs direct contact to affect. Vibrations 

can be transferred through many elements and its general affect is negative. In similarity with 

Climate, most elements with an engine will affect the interface negatively. All elements 

spinning or moving also have a negative impact. The elements affected are those in contact 

with personnel, measuring equipment where accuracy is hard to achieve with surrounding 

movement and those elements that will have a lower performance with vibrations. As can be 

seen in table 18 the negative connections are more frequent than the positive ones.  

Light 

Light is the interface with the fourth most connections. Out of its’ 402 connections 97% are 

positive which is presented in table 19 below. This is because there are few situations where 

light is not needed or wanted. Those objects that affect light negatively are those blocking it 

and preventing it from spreading further into the building. It is however not only items 

spreading light having a positive impact on the interface but also items such as blinds and 

shades have a positive impact since they help regulate the amount of light available in a 

factory.  

 

Light Number of connections positive negative 

Element is affected by interface 327 327 0 

Element affects interface 47 35 12 

Total 374 362 12 

Table 19: Light connections 

The elements affected by the interface are those requiring large amounts of light in order to be 

functioned or supervised. Even though a system might be automatic is still needs supervision 

and is thereby positively affected by it.  

Asset Flow 

The interface with the least amount of connections is asset flow. The interface only has six 

connections whereas all of them are connections that affect the interface in a positive way. He 

fact that asset flow is hardly connected is due to the fact that the impacts of elements on the 
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interface asset flow are very specific depending on make or buy decisions and specific 

elements chosen. If a connection exists however it is likely to be a strong connection.  

Physical Elements of a Factory 

For the connection between elements and interfaces, the most important aspect lies on the 

elements, as they are the input variable to this connection. Presented below is a table showing 

the elements with the most connections to interfaces. However the number of connections 

cannot be interpreted easily. Just when examined as outgoing or ingoing effects or positive or 

negative relations, as the table 20 does real results are achievable. It is not until then any real 

conclusions can be drawn from the connections.  

 

Element ID Element name Number of 

connections 

2.6.2.6 portable computer 12 

2.4.1.2 automated monorail 12 

2.5.3.3 person-aboard automated storage and 

retrieval machine 

12 

1.2.8.1 automated system 11 

2.6.4.4 Network communication equipment 11 

2.2.4.2 Welding machine 10 

1.2.8.4 room control system 10 

2.4.2.13 Straddle truck 10 

2.4.2.14 Straddle reach truck 10 

2.6.2.7 computer terminal 10 

2.6.2.11 server 10 

2.2.4.7  Multi-purpose machine 10 

2.2.6.10 Motor 10 

2.4.2.11 automated guided vehicle 10 

Table 20: Element Connections 

When taking into account more detail and looking at the effects the elements have on the 

interfaces, it is clear that the automated equipment has the most connections. In the other 

direction the elements with most connections are material transfer and computer equipment 
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elements. In table 20 the elements with most connections of different are shown. Elements 

with the highest amount of positive outgoing effects are automated equipment and 

information and communication equipment. This can also be received as the most 

technological equipment, which leads to higher demands for personnel responsible for 

maintenance and support.  

 

Type of connection Elements reoccurring most often for 

the different types of connections 

Outgoing positive effects 

 

Automated equipment 

Information and communication 

Supply equipment 

Portable equipment 

Outgoing negative effects Equipment for transporting material 

Some machines 

Ingoing positive effects Automated equipment and machines  

Ingoing negative effects Trucks and transport elements, facilities 

for personnel 

Table 21: Elements most reoccurring for connections between elements and interfaces 

Just as elements with higher numbers of connections to the interfaces, there are elements with 

no connections. These can be seen in the table 21. The reasons for these elements not having 

any connection to the interfaces are diverse. For elements four to seven, which all end with 

“other item”, the reason is that they contain rather diverse example elements that have very 

different and therefore no generic effects. As result of this it is difficult to state if these 

elements have a connection to the interfaces or not. Due to this difficulty no generic 

connections exists.  

 

  Element Name 

1 1.1.1.1 Improved soil 

2 1.1.1.4 subsoil  and base slab 

3 1.1.2.7 prefabricated facade unit 

4 1.1.2.9 external walls, other item 
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5 1.1.3.7 internal walls, other item 

6 1.1.4.4 floors and  ceilings, other item 

7 1.1.6.3 structural fitments, other item 

8 2.2.6.7 Industrial diamonds 

9 2.6.5.5 office machinery 

10 2.7.1.5 cabinet 

11 2.7.2.2 fire extinguisher 

12 2.7.4.2 safe 

Table 22: Elements without connection to interfaces 

4.2.2 CONNECTIONS BETWEEN INTERFACES AND SUSTAINABILITY 

Material Flow, Communication and Medium Flow are the interfaces with most connections to 

sustainability. Sustainability aspects with most connections are profitability, labour 

productivity and working conditions, which are all a part of either economical or social 

sustainability. If the connections are organized based on the main categories of sustainability, 

(social, economical and ecological) the results are similar. Connections to the economical and 

social sustainability are more reoccurring than those to ecological sustainability. This might 

be due to the limitations of researching just the inside of factory thus shifting the focus 

towards workers’ health and its’ impacts. 

 

Sustainability aspect Number of connections 

Social Sustainability 59 

Economical Sustainability 53 

Ecological Sustainability 38 

Total 150 

Table 23: Connections between interface and sustainability by sustainability aspects 

4.2.3 DIRECT CONNECTIONS BETWEEN ELEMENTS AND SUSTAINABILITY 

There are 109 direct connections between groups of elements and sustainability aspects. 

These are groups of elements that have a direct impact on sustainability. Nine of these groups 

have negative connections meaning the group of elements will affect sustainability in a 

negative way.  
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The sustainability aspect that is most affected directly by the elements is labour productivity 

with twelve groups of elements connected to it. The second one is works’ impact on workers’ 

long-term health with nine connections. This can be seen in table 24 below. Table 24 shows 

the five sustainability indicators that have the most direct connections to the element groups. 

 

Aspect of sustainability Number of connections 

to elements 

Labour productivity 12 

Works’ impact on workers’ long term health 9 

Transportation 8 

Information and communication technologies 7 

Accident prevention 7 

Table 24: Sustainability aspects with most direct connections to element groups 

Five sustainability indicators have no direct connection to the elements: material 

consumption, production depth, profitability, debt ratio of financing and dependency on 

subsidies. However these indicators are still affected by the interfaces and thus indirectly 

connected to elements. The reason for these indicators not having any direct connections to 

the groups of elements is that they are all rather part of the production side rather than being 

affected by the interior.  

Table 25 shows the connections divided up into the main categories of sustainability (social 

economical and ecological). Social sustainability has the most connections with 50 and 46 % 

of the total number of connections. Economical sustainability has the second most 

connections and ecological has the fewest with less than 20 % of the total amount.   

 

Sustainability  Number of connections 

Social sustainability 50 

Economical sustainability 38 

Ecological Sustainability 21 

Total 109 

Table 25: Direct connections from groups of elements to sustainability by aspect  
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There are a few groups of elements that have more direct connections to the sustainability 

indicators than the rest. These can be seen in table 26 below which shows the six groups of 

elements with the most direct connections to sustainability.  

 

 Element name Number of connection to 

sustainability 

1.2.3.0 Air treatment system element 7 

1.2.1.0 Sewerage, water and gas system element 7 

1.1.3.0 Internal wall element 4 

2.6.6.0 Health and safety equipment 6 

2.4.2.0 Industrial vehicles 4 

2.1.2.0 Water supply and disposal equipment 4 

Table 26: Elements with most direct connections to sustainability indicators 

4.2.4 COMPARISON BETWEEN THE CONNECTIONS 

As can be seen in both the connections between the interfaces and sustainability as well as 

between the elements and sustainability the focus lies on the social sustainability. The 

difference in number of connections between social, economical and ecological sustainability 

is not as great when looking at the interface-sustainability-connection as with the element-

sustainability connection. It does however appear in both. The category with the second most 

is economical with 35% and the category with the least is in both connections the ecological 

sustainability. 

 

Sustainability  Percentage of element-

sustainability-

connections 

Percentage of interface-

sustainability-

connections 

Average percentage of 

all connections to 

sustainability 

Social sustainability 46% 40% 43% 

Economical 

sustainability 

35% 35% 35% 

Ecological Sustainability 19% 25% 22% 

Table 27: Sustainability indicators with most connections divided by three aspects 
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In the direct connection between the elements and sustainability there is also here a majority 

to the indicators belonging to the social sustainability. This means that 43% of the total 

connections going to the sustainability indicators belong to social sustainability. 

When it comes to the sustainability indicators that in the direct connection to the elements did 

not have any connections at all, some remain low in this connection as well. For debt ratio of 

financing, dependency on subsidies and material consumption the number of connections are 

still low. However, profitability, which had no direct connection to the elements, is the one 

sustainability indicator with the most connections to interfaces. This is because profit or cost 

does not come directly from any element when the product or the processes are not included. 

It is however affected by many of the interactions.  

The number of connections for the different interfaces has no real correlation whether it is to 

the elements or the sustainability indicators. Those interfaces with many connections to the 

elements do not have many connections to sustainability indicators. The elements with many 

connections to the sustainability indicators are somewhere in the middle with the amount of 

connections. 
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5 CASE STUDY: CONTAINER SIZED FACTORY FOR SIERRA LEONE 

In order to show the usability of the model and research that has been made, a case study was 

done. The following chapter describes both the method and the results.  

5.1 INTRODUCTION: CONTAINER SIZED FACTORIES IN SIERRA LEONE 

Factories are places of mass production and mass production is a key source for the economic 

development of societies. Traditional factories function best in an industrialised surrounding 

because they can use their potential best when integrated into a production network. They 

need for example the input from power plants and suppliers of raw materials. At the same 

time a factory can be the supplier of parts to other factories in their area thus being part of the 

production network of another factory. In underdeveloped areas of the world however it 

proved to be complicated to establish a production network to enable economic growth and 

prosperity. A project of the Technical University of Berlin attempted to overcome the limiting 

factor of industrial growth in third world countries by developing a proof of concept small 

factory for cocoa mass production in Sierra Leone. This chapter reproduces the results of that 

project using the FPL and the results of this thesis to test them for their ability to bring 

knowledge about sustainable development to small factory concepts in underdeveloped areas.  

5.2 FACTORY PLANNING USING SUSTAINABILITY ASPECTS 

Asses Project Potential 

The factory is set to produce cocoa mass (article type) from cocoa beans in regions where 

cocoa beans are grown. The product is to be sold on the worldwide growing markets
114

 

(market data) for cocoa and chocolate, for which traditionally cocoa is produced in very large 

quantities in large production facilities (business practises). The production limit for small 

factories is defined as 360 tons per year
115

 (production limit). Sierra Leone will be the 

location of the factory thus all social, political, and economic considerations this implies need 

to be considered (social considerations, strategic production requirements). The costs of the 

factory need to be low enough to facilitate the limited available capital for third world 

countries (time limitations and costs restraints).  

                                                 

114
 cf. (Schwald et.al. 2010) page 41 and www.finanzen.net/rohstoffe/kakaopreis  

115
 cf. (Schwald, et al. 2010) page 44 
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Traditionally cocoa is manufactured in two different ways with different production flows 

(inspection, fragmentation and roasting versus roasting, inspection and fragmentation) which 

both can be executed in three differently evolved technologies (high, low and medium 

technology) (existing production processes). The costs for the factory are based on grounds, 

building (container), machinery, development, shipment and set-up
116

 (cost reference data). 

All things considered the mission statement is very clear: Enabling the development of 

industrial infrastructure in third world countries by building very small basic cocoa processing 

factories to enable self-development of underdeveloped areas and communities considering 

all aspects this implies. The step Asses the Project Potential considers no elements and 

therefore is listed empty at www.sustainable-factory.eu. 

Formulate Project Definition 

The identification of the product related requirements rely on the same data used in the 

assessment of the project: Cocoa shall be processed from whole beans to around 200-360 tons 

high quality cocoa mass per year. Analysing of existing resources and support systems deliver 

no results since the factory is built from scratch. The rough manufacturing concept was 

developed fully and very detailed by Schwald et al. in 2010 and came to the result to use the 

high technology based method inspection-fragmentation-roasting. For this the following 

machinery and areas were considered necessary as can be seen in figure 15: roll crusher, air 

leg separator, cocoa roaster, bone and flint mill, ball mill, cocoa pump, tank with mixer, 

packing. All of this is housed in a container. 

 

Figure 15: Cocoa production process 

As can be seen the rough manufacturing concept contains only manufacturing equipment and 

specifically equipment for property enhancing. This will mainly have an impact on the 

interfaces Climate, Light and Vibration-Force: 

 

Figure 16: Impact of element group 2.2.2 on interfaces 

                                                 

116
 cf. (Schwald, et al. 2010) page 40 

roll 
crusher 

air leg 
seperator 

cocoa 
roaster 

bone and 
flint mill 

ball mill 
cocoa 
pump 

tank with 
mixer 

packing 



Sustainability in Factory Design   Annelie Kanold 

 

71 

 

These elements will be affected in a good way by light and badly by climate and vibration-

force. These interfaces themselves will have an impact on different aspects of sustainability. 

This does of course not mean that these are the only things that will have to be considered 

during the more detailed planning of the production facility, but these topics already need to 

be kept in mind for the planning steps to come.  

The block layout chosen for this factory is based on the lengthy form of the container housing 

the factory. The product shall flow from one end to the other (line concept). This defines the 

external walls, roof and ceiling. Internal walls separate the individual process steps and their 

respective machinery.  

 

 

Figure 17: Layout of small cocoa processing factory117 

The external walls have a positive impact on interface vibration and force and on room and 

space. Not surprisingly the product of this thesis shows that an external wall can absorb some 

of the vibrations in a room and thus lowering the vibration to the outside world. The same is 

true for internal walls and the reduction of impact of vibration from one room to the next.  

The rough risk analysis of the Planning Flow does not consider any specific elements, but 

should already discuss the findings up to here. The factory will have major element 

interferences considering the climate (e.g. the roasting oven will heat up its surroundings), 

light (e.g. external walls will limit the amount of daylight but daylight is needed to work with 

the machines) and vibration and force (e.g. the vibration of the mills will have an impact on 

its surroundings, which might be affected by that). 

Other sub steps of the formulation of the project plan are important to the success of the 

factory, but are not as important to the interference of the elements of the factory. Data gained 

during these processes will be needed for the detailed calculation of the machinery and the 

respective impact of those on sustainability (e.g. debt ratio as a sub-theme of sustainability). 

                                                 

117
 picture from (Schwald, et al. 2010) page 36 
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Structure and define the production requirement 

The definition of the production requirements is a very important step for overall 

sustainability. By choosing the elements their individual direct impact on sustainability is 

defined on the one hand side and on the other hand the scope of interrelations between them 

and thus their indirect impact on sustainability are set.  

The production of cocoa needs several major elements
118

. They are listed in table 28 together 

with their impacts on interfaces and the ways they are influenced by them. The information is 

taken from the webpage developed for this thesis and the list was adjusted to the actual 

elements. This is necessary as the webpage lists generic connections. For example are ovens 

generically impacted by medium flow as ovens quite often are fuelled with gas. The oven 

used in this case is however electrically heated. Medium flow is thus not an interface that 

affects the oven. 

 

Element 
Corresponding Element in 

Sustainable Factory Model 

Interface impacts 

Element 
Element impacts Interface 

container 1.1.2.7 prefabricated facade unit n/a 
space/room (+),         

vibration (+), light (-) 

dryer 2.2.2.16 food dryer 
air quality (-), light (+), 

climate (-), energy flow(+) 
noise (-) 

metering 

screw 
2.4.3.16 worm gear conveyor vibration/force (-) 

space/room (+), personnel 

flow (+), noise (-) 

screw 

conveyor 
2.4.3.16 worm gear conveyor vibration/force (-) 

space/room (+), personnel 

flow (+), noise (-) 

roll 

crusher 
2.2.1.4 rolling machine light (+), noise (-), vibration/force (-) 

air leg 

separator 

2.4.3.19 pressure driven 

pneumatic conveyor 
energy flow (+), energy flow (-), noise (-) 

cocoa 

roaster 
2.2.2.2 furnace and oven energy flow (+) 

air quality (-), energy       

flow (-) 

bone and 

flint mill 
2.2.1.29 mill light (+), noise (-), vibration/force (-) 

ball mill 2.2.1.29 mill light (+), noise (-), vibration/force (-) 

cocoa 2.4.3.19 pressure driven energy flow (+), energy flow (-), noise (-) 

                                                 

118
 cf. (Schwald, et al. 2010) page 29 ff 
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pump pneumatic conveyor 

tank with 

mixer 
2.5.1.7 tank n/a medium flow (+) 

industrial 

scale 
2.3.3.2 scale 

climate (-), light (+), 

vibration/force (-) 
n/a 

diesel 

power 

unit 

2.1.1.1 electrical supply 

equipment 
climate (-) 

asset flow (-), climate (-), 

energy flow (+), light (+), 

space/room (-) 

diesel 

tank 
2.5.1.7 tank n/a medium flow (+) 

water 

mould 
2.5.1.7 tank n/a medium flow (+) 

 

Table 28: Elements for small cocoa production 

It can be seen that ten of 13 interfaces are involved with the major elements of the factory. 

Based on this table 29 shows how the interfaces are positively and negatively influenced by 

elements or influence elements. 

 

interface 
positively 

influenced by 

negatively influenced 

by 
influences positively 

influences 

negatively 

air quality n/a roaster n/a food dryer 

energy flow generator 
air leg separator, 

roaster, pump 

air leg separator, roaster, 

pump 
n/a 

light generator container 
food dryer, roll crusher, 

mill, scale 
n/a 

climate n/a generator food dryer, scale, generator n/a 

noise n/a 

dryer, worm gear, 

rolling machine, air leg 

separator, mill, pump 

n/a n/a 

vibration/force container roll crusher, mill n/a 
worm gear, 

scale 

space/room 
container, worm 

gear conveyor 
generator n/a n/a 

personnel flow 
worm gear 

conveyor 
n/a n/a n/a 

asset flow n/a generator n/a n/a 

medium flow tank n/a n/a n/a 

Table 29: Interfaces with influence during planning of small factory 
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The table should be read as the following figure displays exemplary for the interface vibration 

and force. The element roll crusher and mill produce vibrations while working, which can be 

partly absorbed by the container. The vibration has a negative impact on the scale because its 

measurements are falsified by vibration and shock and on the worm gears as vibration has an 

impact on the centre-axis of worm gears due to possible oscillations. 

 

 

 

Figure 18: Relationships of interface vibration and force 

For the planning of the factory these interdependences need to be considered. Since their 

impact is in this case rather small the planning of the logistical components and the support 

needs are not considered.  

Knowing about the impacts of elements on each other the focus can be shifted to 

sustainability. The direct impacts of elements on sustainability depend very much on the 

actual elements chosen. For example might one diesel generator have a very differently strong 

impact on climate change compared to another one. In this particular case for small factories 

the factory consists only of the absolute necessary elements. No element could be left out and 

thus choosing a different brand for the same element can influence the direct impact on 

sustainability only. This will not be followed up here as this thesis concentrates on the 

interactions in between elements and the impact on sustainability created there. This indirect 

impact is followed up during the detailed layout phase. 

Designing the system 

The choice of production resources as said before has a major direct impact on sustainability 

but is not the focus here, neither is the specification of the support systems, however the 

detailed layout very much is. The container walls limit the detailed layout. Since the container 

is narrow and long only an in-line flow can be realised and room for optimizing the layout to 

minimize interrelations in between elements is very limited. A good solution on the other 

hand is the separation of element if they strongly negatively influence each other’s 

sustainability for example by using internal walls. Regarding the indirect influence of 
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elements on sustainability the interface’s impact on sustainability needs to be considered. 

They are completely listed in Appendix 12.5 and exemplary for the interface vibration and 

force in table 30. 

 

Vibration/Force 

Accident Prevention 

Impact on Ecosystem 

Labour Productivity 

Profitability 

Waste Generation and Management 

Work's Impact on Worker's Long Term Health 

Working Conditions 

Table 30: Vibration impact on sustainability factors 

From this table and the information gotten from figure 18 it can be taken that all vibrations 

and forces caused by elements and mainly the elements roll crushers and mills, that cannot be 

absorbed by the container, will affect the elements scale and worm gear and will have a 

negative impact on the sustainability factors accident prevention, impact on ecosystem, labour 

productivity, profitability, waste generation and management, work’s impact on worker’s 

long term health and working conditions. The biggest factors are labour productivity, working 

conditions and work’s impact on worker’s long-term health, as the others are factors that are 

partly relying on the three important ones. The vibration caused by the mills and the roll 

crushers cannot be completely absorbed by the container, as their existence usually calls for 

concrete foundations. Additionally the vibration will be equally distributed to the whole 

container, which also means the floorings. Vibrating floors have a majorly bad impact on the 

working conditions, as the whole floor will be under constant movement. The container will 

therefore be an inhospitable environment and even more on the long run have a major health 

impact on the bone structure of workers and will facilitate the already most common cause for 

inability to work
119

. Health issues and the wish to not be in the container for long as it is an 

inhospitable environment will lead to major productivity loss for the small factory. Also the 

impacts of vibrations on the other elements as mentioned (mainly scale and worm gear 

conveyor) need to be considered when questioning the setup of a small factory in a container.  

                                                 

119
 Back pain and mental depressions are the most common cases of inability to work. c.f. www.destatis.de 
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Another element with major negative impact on three interfaces (and weaker impacts on even 

more) is the generator. It badly influences the interfaces climate, space/room and asset flow. 

The climate is very much impacted by an engine running in enclosed rooms, as the heat 

generated will raise the room temperature. If this is solved by adding internal walls it will 

even further limit the room availability in the container. Further the generator is a major cost 

driver for the factory
120

. Therefore the generator has a negative impact on many sustainability 

factors. It becomes clear that the generator will be a major factor for deciding about the 

sustainability of the whole factory. Solutions for solving the generator issues are a 

replacement for example through electricity generation through photovoltaic elements on the 

roof or lowered electricity needs (for example through more windows or through replacing 

electricity needs by finding other technical solutions, or through using the heat of the 

generator for heating processes like the roasting thus channelling the unwanted heat of the 

generator to a useful purpose). On the other hand a more complex energy distribution 

challenges the sustainability target of intuitive usability. Other connections in between 

elements behave similarly complex. 

Realization and handover of factory 

The realization and the handover of a factory are important as these steps prove if the design 

of the previous steps will hold up to the expectations. In many cases the process of building a 

factory brings up new issues that were not obvious before. These are usually fixed on the spot. 

Still this might ridicule all the thoughts and calculations of the previous design steps. It is 

therefore important that anything that is built differently than it was planned is checked again 

for the impact of the changes on other elements of the factory and thus on the sustainability 

impacts of these other elements. 

5.3 CONCLUSION CONTAINER SIZED FACTORY 

Container sized factories are today seen as solution for several problems of development of 

industrial infrastructures in developing countries. On first side they seem to meet most of 

these issues but if checked for overall sustainability as suggested by this thesis new issues 

regarding the interrelationship of elements appear. Considering the particular case of a factory 

in a box in Sierra Leone for producing cocoa mass the physical force and climate 

interdependencies were focused mainly in this chapter, as they are the most influential ones. 

Though other interrelationships add to the issues of interconnections and their individual 

                                                 

120
 Depending on calculation between 3% and 35% of machinery costs. c.f. (Schwald, et al. 2010) 
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impact on sustainability factors, these impacts of climate and vibration especially on the 

working conditions are so severe that the setup of the factory needs to be seriously questioned 

for overall sustainability.  
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6 DISCUSSION AND CONCLUSION 

The meaning of the results are handled in the following chapter.  

6.1 FOCUS OF RESULTS ON SOCIAL SUSTAINABILITY 

When looking at the connections presented in chapter 4.2 “Results from the model” it can be 

seen that the results focus more on social sustainability than on other sustainability aspects. It 

is firstly shown when looking at the connections between the interfaces and sustainability and 

then again for the connections between the elements and sustainability. Social sustainability 

accounts for 43% of the total amount of sustainability connections, whereas economical 

sustainability for 35% and ecological sustainability for only 22%.  

It is not as obvious when looking at the interfaces. For the interfaces the approach is to see if 

the interfaces affect the work environment for the personnel. The interfaces with most 

connections are energy flow, climate, light and vibration and force. Energy flow is not a direct 

part of the work environment but points more to the dependency on electricity, which exists in 

every factory. The other three interfaces, climate, light and vibration and force, are very much 

important aspects to look at when deciding how well adapted the work place is for its’ 

personnel.  

The elements also show the importance of social sustainability. The elements that are affected 

negatively by most connections are personnel facilities alongside trucks and transport 

equipment. Two out of these three categories are inhabited or controlled directly by 

personnel. The elements that are positively influenced by the interfaces on the other hand are 

automated equipment and machinery. These are elements that are not directly controlled by 

personnel even though people are needed as supervisors and to perform maintenance.  

Thus it is mainly social sustainability that is affected by the elements and interfaces and it is 

this that should be focused on when planning. This is because these are indicators that can be 

best affected and where the most improved sustainability can be achieved.  

If the limitations of this thesis would be changed to also examine the effects on the outside of 

the factory the results would probably shift. It would most likely put more focus on ecological 

sustainability. Inside a factory the human connections determine most negative connections. 

On the outside of the factory the environment is more present and thus the ecological aspect 

of sustainability. The economical focus would most likely be unaffected since it is mostly 

affected by output and input. If the limitations however would be changed to cover the 
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products, consumables and processes more strongly the focus would also shift towards the 

economical aspect.  

6.2 ELEMENTS 

For the model to be generic and adaptable to almost any factory all four corners of the model 

need to be generic. A problem might arise with this is for the element hierarchy. The element 

hierarchy is designed to be very general and to become more specific the further down in the 

hierarchy the user looks. The way the hierarchy is constructed the most specific level is the 

fourth level. These elements are however still not very specific. A fourth level element is for 

example element 2.4.2.4 walkie stacker. There are a great number of different walkie stackers 

with different measurements, different strengths and most definitely different ways of 

affecting the interfaces and different values for the acceptable intervals. This means that the 

accurate values are inexistent and cannot be inserted into the database for a fourth level 

element.  

A solution for this could be that the user when considering choosing an element and going 

further into what model of that element to buy, would fill additional values into the database. 

This would add a fifth level in the element hierarchy and create a more accurate model. This 

would also mean that the database continues to be developed even after the project is finished.  

6.3 AN INTERNATIONAL PROJECT 

This thesis is based on an international project with research done both in Germany and 

Sweden. This has positive aspects in several ways. It broadens the perspective, it creates the 

possibility to compare and contrast the literature found in both countries and also creates the 

possibility to get feedback from two supervisors with different academic and cultural 

backgrounds.  

The target audience for this project is small to medium enterprises around the world. 

 What this thesis can provide for them is a conclusion of the most important aspects of 

sustainability and in the future a platform to connect research on different specific areas 

within sustainability.  

6.4 CONCLUSION 

The mission of this project was to connect a factory planning flow with sustainability through 

connections with physical elements of the factory and with interfaces describing the 
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interactions of the elements. This was done by creating static building blocks in the model and 

then adding connections between these blocks and finally inserting all values into a database. 

This database was then connected to a webpage that presents the results.  

The results show that sustainability focus in factory design lies more within social 

sustainability. The elements that should be considered more closely are automated equipment 

with both as outgoing and ingoing positive connections. The elements that are affected 

negatively are elements that are controlled directly or inhabited by personnel.  

The case study shows that the product is usable. It also showed that without resources and 

options regarding what elements to choose, sustainability is hard to achieve. The webpage can 

show what elements have a negative impact on sustainability, but without the possibility of 

exchanging or removing that element, the possibility of achieving a sustainable factory is not 

great.  

The webpage works to increase sustainability knowledge itself and knowledge about how 

sustainability can be incorporated into factory design. The goal of this thesis was to create a 

product that can show what elements are more sustainable and have a more positive effect on 

sustainability but it also is meant to spread knowledge regarding sustainability. The case 

studies show that the product can be used for this.  

A possibility also exists that the product is not only useful for planning a new factory. The 

webpage works as a base for sustainability knowledge and can be used by anyone interested 

in the effects physical factory elements can have on sustainability and on other elements. This 

thesis in considered the first step of many which need to be taken in order to achieve a 

sustainable factory.  
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7 RECOMMENDATIONS ON FUTURE RESEARCH 

This thesis has built a generic model to show the interactions of the elements of a factory. The 

model was tested on a case study to prove the feasibility of the concept. It remains yet to be 

shown that the model works for a multitude of factories and scenarios. Future research 

therefore needs to test the model on other cases to further stress on the generalness of the 

model. At the same time the generalness of the model proved to be a weakness regarding the 

judgement of strength and quantity of the connections. The more generic an object is 

described the less specific its properties can be specified. Future research should introduce 

further sub categorisation for all building blocks of the model to introduce more detailed 

descriptions in order to quantify and therefore rate the strength of the different connections of 

the model. For the physical factory elements further groups could be introduced to account for 

the great range of company specific elements (especially equipment) in a factory.  

The interfaces partly account for more than just one specific connection of an element with its 

surroundings. For example is the interface air quality host to levels of different gases 

regarding flammability and hazardousness and levels of oxygen. Further description and 

integration of quantification of the impacts of element on the interfaces and the impact of 

interfaces on the elements could help to create even more specific results based on the model.  

The model was technically realized through a database and a webpage. The webpage shows 

all existing connections between the building blocks through a series of mouse-clicks
121

. 

Future development might find it useful to introduce automatic reasoning that can be 

technically integrated with software for factory design. This would ease the incorporation of 

the results of this thesis and quantified future research directly into the planning steps of 

factory design.  

                                                 

121
 As the webpage is focused on functionality, future development for the webpage could be the increase of 

usability. For office buildings a website exists that displays how the webpage of this thesis could be improved to 

show the individual impact of elements more intuitively for the user: www.sftool.org 
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9 GLOSSARY 

Brundtland commission  

A commission that was put together in 1987 by the United Nations in order to address the 

lack of sustainability perspective in the society. 

 

CIRP   

The International Academy for Production Engineering. 

 

Ecological Sustainability  

The ecological aspect of sustainability, also called environmental sustainability. The most 

traditional approach and covers most aspect of the nature and wildlife. 

 

Economical Sustainability  

The economical aspect of sustainability. 

 

Element  

All physical items within a factory that are not consumables. 

 

Fabriksplaneringslotsen (FPL)  

A Factory Planning Guide in Swedish. 

 

Factory Planning Flow  

Any flow presenting the different steps involved in factory planning. 

 

Factory Planning Flow Step  

An individual step within a factory planning flow. 

 

Factory Planning Guide (FPL)  

Same as the Factory Planning Pilot. 

 

Factory Planning Pilot (FPL)  

The factory planning guide developed by Chen et al. in 2009. 
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Interface  

An interface describes the interaction between systems, people or object. 

 

Knowledge Gaining  

The collection and structuring of knowledge. 

 

Ontology  

An ontology describes something that can be seen from different angles based on a formal set 

of given relationships.  

 

PRODCOM-list  

A list produced by Eurostat that includes all products produced within the EU. 

 

Product  

The webpage made in order to present the results from this thesis. 

 

www.produktionslotsen.se  

The address to the set of pilots developed by the department of Industrial Production at KTH. 

 

Social Sustainability  

The social aspect of sustainability brings the people into the sustainability paradigm. 

 

Sustainability  

"Sustainable development is development that meets the needs of the present without 

compromising the ability of future generations to meet their own needs" as defined by the 

Brundtland commission in 1987. 

 

Sustainability Indicator  

Indicators presented by the United Nations in order to be able to measure sustainability 

progress. 

 

www.sustainable-factory.eu  

The address to the webpage built by the authors of this thesis. 
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11.1 APPENDIX FACTORY PLANNING FLOW 

11.1.1 PLANNING FLOW STEPS 

Step Name Step Description 

1.0.0 Asses project potential Assess whether or not the project van be finished within the 

time and cost restraints.  

2.0.0 Formulate project 

definition 

  

2.1.0 Identify product related 

demands 

If the product has specific demands, for example gripping or 

traceability.  

2.2.0 Analyse existing resource 

and support systems 

What resources exist now and can they be used for anything. 

2.2.1 Analyse existing 

resources 

Identify what resources can be reused and if it has any value. 

2.2.2 Analyse existing support 

systems 

Asses the standard, age and technical level of the existing 

support systems. 

2.3.0 Get rough manufacturing 

concept 

Alternative rough manufacturing concepts are produced. The 

alterative concepts differ in number of machines, material 

handling concepts, available production time, batches, 

storage and buffers. Appropriate level of detail can be an 

abstract of product grouping, estimated number of machines 

and estimation of flow volume. Rough new of material 

handling. If it is a line, robot cell, automation level or 

combinations between manual and automated handling.  

2.4.0 Produce block layout Divide the empty existing area to different blocks for line, 

storage, aisles, maintenance, personnel, office, emulsion 

room, transformation room and so on. When creating a block 

layout it is important to make sure that comprehensive 

demands are fulfilled, for example criteria for truck aisles, 

emergency exits, main aisles for transports of machines that 

will need to be changed in the future.  

2.5.0 Get rough layout Visualize rough production concept and other facilities in the 

factory and summarize the area requirements 

2.6.0 Rough risk analysis Evaluate different risks concerning the work environment 

and the outside environment. 

2.7.0 Basis for calculation Create basis for calculations of costs. 

2.8.0 Asses profitability and 

risk 

  

2.9.0 Define project scope   

2.10.0 Rough project plan   

3.0.0 Get production demands Break down overall requirements to specific sub systems. 
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3.1.0 Get production concept To develop a production concept that shows how products, 

processes and resources are related to each other. To have a 

basis for flow analysis and plant layout.  

3.2.0 Specify product flow At the specification the flow is broken down into smaller 

components in order to make sure that the flow meets the 

requirements of for example volume. 

3.3.0 Logistics and material 

handling demands 

External and internal logistics including material handling. 

Receiving, storage and retrieval of goods. Packaging. 

Transport between operations, stations and storages 

3.4.0 Define need for support 

systems 

Facility , Fire and safety, factory information system 

4.0.0 Design system To develop a system that is achievable.  

4.1.0 Evaluate solutions To compare solutions and offers to existing demands.  

4.1.1 Analyse flow   

4.1.2 Create preliminary 

layout and evaluate 

Important aspects 

4.2.0 Choice of production 

resource 

Decide which resource/resources to choose for the project.  

4.3.0 Specify support system 

demands 

Put together the demands from the different processes on the 

support systems. 

4.3.1 Building demands In this activity the facility demands are revised with the 

information received from the suppliers. The different 

layouts are created in liaison with the demands. The layouts 

are used as foundations for further constructions.  

4.3.2 Demands on factory information systems 

4.3.3 Demands on fire and safety systems 

4.3.4 Demands on recycling systems 

4.4.0 Design detailed layout Update preliminary layout with layout proposals from 

supplier. After that, create work stations and other areas 

surrounding these. 

4.5.0 Integrate, evaluate and 

verify data 

Check to see that all data agree 

5.0.0 Realize system Prepare and install 

5.1.0 Prepare and hand over 

facility 

To create/adjust a factory for the future operations.  

5.2.0 Prepare installation of 

system 

Here the installation work is prepared and coordinated 

between the involved parties Everything needs to be 

synchronized.  

5.3.0 Execute equipment installation 

5.4.0 Install program   



Sustainability in Factory Design   Annelie Kanold 

 

91 

 

5.5.0 Test the system   

6.0.0 Hand over and follow up   
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11.1.2 CONNECTION BETWEEN THE FACTORY PLANNING FLOW AND THE ELEMENTS 

 

Step definition Connected to Elements Comment: 

1.0.0 Asses project potential   

2.0.0 Formulate project 

definition 

  

2.1.0 Identify product related 

demands 

 Can be assigned to special grippers and 

the like, this will however not be taken 

into consideration in this thesis.  

2.2.0 Analyse existing resource 

and support systems 

 Old elements 

2.2.1 Analyse existing resources  Old resources 

2.2.2 Analyse existing support 

systems 

 Old support systems 

2.3.0 Get rough manufacturing 

concept 

1.2.6.0 transport system element Groups of elements which are part of 

either the material handling or production 

processes. 

  1.2.8.0 building automation element  

  2.2.1.0 equipment for shaping  

  2.2.2.0 equipment for property 

enhancing (processing operations) 

 

  2.2.3.0 equipment for surface processing 

(processing operations) 

 

  2.2.4.0 equipment for joining processes 

(assembly operations) 

 

  2.2.5.0 equipment for mechanical 

fastening (assembly operations) 

 

  2.4.1.0 hoists, cranes, monorails and 

load carrying equipment 

 

  2.4.2.0 industrial vehicles  

  2.4.3.0 conveyors and auxiliary 

equipment for conveyors 

 

2.4.0 Produce block layout 1.0.0.0 physical building element Aisles and stuff, storage, extra space for 

personnel, big equipment built in to the 

factory 

  1.1.1.0 foundation element According to the check list on 

produktionslotsen.se 

  1.1.2.0 external wall element According to the check list on 

produktionslotsen.se 

  1.1.3.0 internal wall element According to the check list on 

produktionslotsen.se 

  1.1.4.0 floor and ceiling element According to the check list on 

produktionslotsen.se 
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  1.1.5.0 roof element According to the check list on 

produktionslotsen.se 

  1.2.8.3 management and operator 

facility 

 

  1.2.6.0 transport system element (built 

into the structure) 

Those transport systems which are a part 

of the building should be considered when 

producing the block layout.  

  1.2.7.0 function-related equipment  

  2.5.2.0 storage equipment  

  2.6.0.0 organisational aid It is put here in order to remember that 

these parts need to be considered as well.  

2.5.0 Get rough layout   

  2.4.0.0 transport and handling 

equipment 

 

  2.4.1.0 hoists, cranes, monorails and 

load carrying equipment 

 

  2.4.2.0 industrial vehicles  

  2.4.3.0 conveyors and auxiliary 

equipment for conveyors 

 

  2.5.3.0 picking equipment  

  2.5.4.0 stock-to-operator equipment  

  2.5.5.0 auxiliary stock and storage 

equipment 

 

  2.6.6.0 health & safety equipment  

  2.7.0.0 interior  

  2.7.1.0 furniture  

  2.7.2.0 fire protection equipment  

  2.7.3.0 light and lamp  

  2.7.4.0 other interior  

  1.1.2.0 external wall element  

  1.1.3.0 internal wall element  

2.6.0 Rough risk analysis  This step is only meant to analyse the 

potential risks with  

2.7.0 Basis for calculation  Has no connection to the elements 

2.8.0 Asses profitability and risk  Has no connection to the elements 

2.9.0 Define project scope  Has no connection to the elements 

2.10.0 Rough project plan  Has no connection to the elements 

3.0.0 Get production demands   

3.1.0 Get production concept  All elements which can be connected to 

the production processes. Including for 

example processing machines, measuring 

and inspection equipment 
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  1.2.8.1 automated system Part of the automated production concept 

  1.2.8.2 control cabinet Part of the automated production concept 

  1.2.8.3 management and operator 

facility 

Part of the automated production concept 

  1.2.8.4 room control system Part of the automated production concept 

  1.2.8.5 transmission network Part of the automated production concept 

  1.2.8.6 building automation, other item Part of the automated production concept 

  2.2.0.0 manufacturing and tooling 

equipment 

A part of tooling in the production  

  2.2.1.0 equipment for shaping 

(processing operations) 

A part of tooling in the production  

  2.2.1.1 laser A part of tooling in the production  

  2.2.1.2 drill A part of tooling in the production  

  2.2.1.3 saw A part of tooling in the production  

  2.2.1.4 rolling machine A part of tooling in the production  

  2.2.1.5 machine-tool for working any 

material by removal of material 

A part of tooling in the production  

  2.2.1.6 machining centre A part of tooling in the production  

  2.2.1.7 construction machine for 

working metal 

A part of tooling in the production  

  2.2.1.8 turning centre A part of tooling in the production  

  2.2.1.9 drilling machine A part of tooling in the production  

  2.2.1.10 milling machine A part of tooling in the production  

  2.2.1.11 gear cutting machine A part of tooling in the production  

  2.2.1.12 bending, folding, straightening 

and flattening machine 

A part of tooling in the production  

  2.2.1.13 press A part of tooling in the production  

  2.2.1.14 punching and notching machine A part of tooling in the production  

  2.2.1.15 forging and hammer machines A part of tooling in the production  

  2.2.1.16 band saw A part of tooling in the production  

  2.2.1.17 circular saw A part of tooling in the production  

  2.2.1.18 sharpening machine A part of tooling in the production  

  2.2.1.19 honing and lapping machine A part of tooling in the production  

  2.2.1.20 broaching machine A part of tooling in the production  

  2.2.1.21 sawing machine A part of tooling in the production  

  2.2.1.22 planning, shaping and slotting 

machine 

A part of tooling in the production  

  2.2.1.23 shearing machine A part of tooling in the production  

  2.2.1.24 thread rolling machine A part of tooling in the production  
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  2.2.1.25 wire machine A part of tooling in the production  

  2.2.1.26 wood, cork et.al. Machine A part of tooling in the production  

  2.2.1.27 splitting and slicing machine A part of tooling in the production  

  2.2.1.28 converter, ladle, mould and 

casting machine 

A part of tooling in the production  

  2.2.1.29 mill A part of tooling in the production  

  2.2.1.30 cable and rope production 

machine 

A part of tooling in the production  

  2.2.1.31 lathe A part of tooling in the production  

  2.2.1.32 threading and tapping machine A part of tooling in the production  

  2.2.1.33 cutting machine A part of tooling in the production  

  2.2.1.34 injection-moulding machine A part of tooling in the production  

  2.2.1.35 extruder machine A part of tooling in the production  

  2.2.1.36 moulding machine A part of tooling in the production  

  2.2.1.37 folding machine A part of tooling in the production  

  2.2.2.0 equipment for property 

enhancing (processing operations) 

A part of tooling in the production  

  2.2.2.1 radiation based machine A part of tooling in the production  

  2.2.2.2 furnace and oven A part of tooling in the production  

  2.2.2.3 centrifuge A part of tooling in the production  

  2.2.2.4 material treatment machine A part of tooling in the production  

  2.2.2.5 metal treating machine A part of tooling in the production  

  2.2.2.6 machine for isotopic separation A part of tooling in the production  

  2.2.2.7 rubber and plastic production 

machine 

A part of tooling in the production  

  2.2.2.8 foam production machine A part of tooling in the production  

  2.2.2.9 size reduction machine A part of tooling in the production  

  2.2.2.10 mixer A part of tooling in the production  

  2.2.2.11 electrolysis machine A part of tooling in the production  

  2.2.2.12 dairy machine A part of tooling in the production  

  2.2.2.13 vegetable preparation machine A part of tooling in the production  

  2.2.2.14 food press A part of tooling in the production  

  2.2.2.15 oven A part of tooling in the production  

  2.2.2.16 food dryer A part of tooling in the production  

  2.2.2.17 bakery machine A part of tooling in the production  

  2.2.2.18 pasta machine A part of tooling in the production  

  2.2.2.19 sweets machine A part of tooling in the production  

  2.2.2.20 sugar preparation machine A part of tooling in the production  

  2.2.2.21 brewery machine A part of tooling in the production  

  2.2.2.22 meat preparation machine A part of tooling in the production  
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  2.2.2.23 fruit preparation machine A part of tooling in the production  

  2.2.2.24 drink preparation machine A part of tooling in the production  

  2.2.2.25 oil preparation machine A part of tooling in the production  

  2.2.2.26 tobacco machine A part of tooling in the production  

  2.2.2.27 felt finishing machine A part of tooling in the production  

  2.2.2.28 linoleum production machine A part of tooling in the production  

  2.2.2.29 drying machine A part of tooling in the production  

  2.2.2.30 skin and leather treatment 

machine 

A part of tooling in the production  

  2.2.2.31 pulp production machine A part of tooling in the production  

  2.2.2.32 paper production machine A part of tooling in the production  

  2.2.2.33 machinery to liquefy gas A part of tooling in the production  

  2.2.2.34 gas purifier A part of tooling in the production  

  2.2.2.35 liquid purifier A part of tooling in the production  

  2.2.3.0 equipment for surface processing 

(processing operations) 

A part of tooling in the production  

  2.2.3.1 grinder A part of tooling in the production  

  2.2.3.2 spray gun A part of tooling in the production  

  2.2.3.3 sand blasting machine A part of tooling in the production  

  2.2.3.4 spraying machine A part of tooling in the production  

  2.2.3.5 polishing machine A part of tooling in the production  

  2.2.3.6 grinding machine A part of tooling in the production  

  2.2.3.7 earth, stone et.al. treatment 

machine 

A part of tooling in the production  

  2.2.3.8 textile printing machine A part of tooling in the production  

  2.2.3.9 ironing machine and press A part of tooling in the production  

  2.2.3.10 dry-cleaning machine A part of tooling in the production  

  2.2.3.11 printing machine A part of tooling in the production  

  2.2.4.0 equipment for joining processes 

(assembly operations) 

A part of tooling in the production  

  2.2.4.1 soldering machine A part of tooling in the production  

  2.2.4.2 welding machine A part of tooling in the production  

  2.2.4.3 assembly machine for 

electronics 

A part of tooling in the production  

  2.2.4.4 glass production machine A part of tooling in the production  

  2.2.4.5 assembly machine A part of tooling in the production  

  2.2.4.6 electronic appliance production 

machine 

A part of tooling in the production  

  2.2.4.7 multi-purpose machine A part of tooling in the production  

  2.2.4.8 bending and assembling machine 

for wood 

A part of tooling in the production  

  2.2.4.9 textile extruding machine A part of tooling in the production  
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  2.2.4.10 textile spinning machine A part of tooling in the production  

  2.2.4.11 weaving machine A part of tooling in the production  

  2.2.4.12 knitting machine A part of tooling in the production  

  2.2.4.13 yarn production machine A part of tooling in the production  

  2.2.4.14 sewing machine A part of tooling in the production  

  2.2.4.15 footwear production machine A part of tooling in the production  

  2.2.5.0 equipment for mechanical 

fastening (assembly operations) 

A part of tooling in the production  

  2.2.5.1 hand tool A part of tooling in the production  

  2.2.5.2 riveting machine, swaging 

machine and spinning lathes 

A part of tooling in the production  

  2.2.5.3 balancing machine A part of tooling in the production  

  2.2.5.4 binding machine A part of tooling in the production  

  2.2.6.0 auxiliary equipment for 

manufacturing operations 

A part of tooling in the production  

  2.2.6.1 moulding boxes A part of tooling in the production  

  2.2.6.2 mould A part of tooling in the production  

  2.2.6.3 electric blanket A part of tooling in the production  

  2.2.6.4 cooling machine A part of tooling in the production  

  2.2.6.5 transfer machine A part of tooling in the production  

  2.2.6.6 draw-bench A part of tooling in the production  

  2.2.6.7 industrial diamonds A part of tooling in the production  

  2.2.6.8 industrial robot A part of tooling in the production  

  2.2.6.9 arbors, collets and sleeves A part of tooling in the production  

  2.2.6.10 motor A part of tooling in the production  

  2.2.6.11 tool holder A part of tooling in the production  

  2.2.6.12 diehead A part of tooling in the production  

  2.2.6.13 jigs and fixtures A part of tooling in the production  

  2.2.6.14 dividing heads A part of tooling in the production  

  2.2.6.15 textile tools A part of tooling in the production  

  2.2.6.16 way-type unit head for working 

metal 

A part of tooling in the production  

  2.2.6.17 textile auxiliary machine A part of tooling in the production  

  2.2.6.18 textile handling machines A part of tooling in the production  

  2.2.6.19 spindle A part of tooling in the production  

  2.2.6.20 collating machine A part of tooling in the production  

  2.2.6.21 greasing system A part of tooling in the production  

  2.2.6.22 manufacturing and tooling 

equipment 

A part of tooling in the production  

  2.2.6.23 engine A part of tooling in the production  

  2.3.0.0 measuring and inspection device Used to inspect and measure during and 

after the production. 
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  2.3.1.0 equipment for measuring 

geometrical indicators 

Used to inspect and measure during and 

after the production. 

  2.3.1.1 micrometre Used to inspect and measure during and 

after the production. 

  2.3.1.2 gauge Used to inspect and measure during and 

after the production. 

  2.3.1.3 measuring machine Used to inspect and measure during and 

after the production. 

  2.3.1.4 level Used to inspect and measure during and 

after the production. 

  2.3.1.5 measuring rod Used to inspect and measure during and 

after the production. 

  2.3.2.0 equipment for measuring 

kinematic and oscillation indicators 

Used to inspect and measure during and 

after the production. 

  2.3.2.1 measuring kinematic and 

oscillation indicators 

Used to inspect and measure during and 

after the production. 

  2.3.3.0 equipment for measuring 

mechanical load 

Used to inspect and measure during and 

after the production. 

  2.3.3.1 metal property testing machine Used to inspect and measure during and 

after the production. 

  2.3.3.2 scale Used to inspect and measure during and 

after the production. 

  2.3.3.3 label and weighing machine Used to inspect and measure during and 

after the production. 

  2.3.4.0 equipment for measuring fluidic 

indicators 

Used to inspect and measure during and 

after the production. 

  2.3.4.1 hydrometer Used to inspect and measure during and 

after the production. 

  2.3.4.2 flow meter Used to inspect and measure during and 

after the production. 

  2.3.4.3 level meter Used to inspect and measure during and 

after the production. 

  2.3.4.4 pressure gauge Used to inspect and measure during and 

after the production. 

  2.3.4.5 instrument to check variables of 

gas or liquid 

Used to inspect and measure during and 

after the production. 

  2.3.4.6 manostat Used to inspect and measure during and 

after the production. 

  2.3.5.0 equipment for measuring 

thermal indicators 

Used to inspect and measure during and 

after the production. 

  2.3.5.1 thermometer Used to inspect and measure during and 

after the production. 

  2.3.5.2 thermostat Used to inspect and measure during and 

after the production. 
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  2.3.6.0 equipment for measuring optical 

indicators 

Used to inspect and measure during and 

after the production. 

  2.3.6.1 optical testing machine Used to inspect and measure during and 

after the production. 

  2.3.6.2 optical element Used to inspect and measure during and 

after the production. 

  2.3.7.0 equipment for measuring 

environmental interactions 

Used to inspect and measure during and 

after the production. 

  2.3.7.1 instruments for measuring 

ionising radiations 

Used to inspect and measure during and 

after the production. 

  2.3.7.2 barometer Used to inspect and measure during and 

after the production. 

  2.3.8.0 equipment for inspecting 

composition and structure 

Used to inspect and measure during and 

after the production. 

  2.3.8.1 gas or smoke analyser Used to inspect and measure during and 

after the production. 

  2.3.8.2 chromatograph Used to inspect and measure during and 

after the production. 

  2.3.8.3 spectrometer Used to inspect and measure during and 

after the production. 

  2.3.8.4 microscope Used to inspect and measure during and 

after the production. 

  2.3.8.5 x-ray machine Used to inspect and measure during and 

after the production. 

  2.3.9.0 equipment for measuring 

electrical indicators 

Used to inspect and measure during and 

after the production. 

  2.3.9.1 oscilloscope Used to inspect and measure during and 

after the production. 

  2.3.9.2 multimeter Used to inspect and measure during and 

after the production. 

  2.3.9.3 voltmeter and current meter and 

resistance meter and power meter 

Used to inspect and measure during and 

after the production. 

  2.3.10.0 equipment for measuring 

magnetic indicators 

Used to inspect and measure during and 

after the production. 

  2.3.10.1 magnet Used to inspect and measure during and 

after the production. 

  2.3.11.0 auxiliary equipment for 

measurement and inspection 

Used to inspect and measure during and 

after the production. 

  2.3.11.1 test bench Used to inspect and measure during and 

after the production. 

  2.3.11.2 specialised measuring device Used to inspect and measure during and 

after the production. 

3.2.0 Specify product flow   
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3.3.0 Logistics and material 

handling demands 

1.2.6.0 transport system element A part of the built in transport system 

  1.2.6.1 lift A part of the built in transport system 

  1.2.6.2 escalator, moving pavement A part of the built in transport system 

  1.2.6.3 inspection and maintenance 

conveyor 

A part of the built in transport system 

  1.2.6.4 conveying plant A part of the built in transport system 

  1.2.6.5 crane A part of the built in transport system 

  1.2.6.6 transport systems, other item A part of the built in transport system 

  2.4.0.0 transport and handling 

equipment 

Logistics and material handling 

  2.4.1.0 hoists, cranes, monorails and 

load carrying equipment 

A part of the transport system 

  2.4.1.1 monorail A part of the transport system 

  2.4.1.2 automated monorail A part of the transport system 

  2.4.1.3 electrical hoist A part of the transport system 

  2.4.1.4 peneumatic hoist A part of the transport system 

  2.4.1.5 individual hoist A part of the transport system 

  2.4.1.6 bridge crane A part of the transport system 

  2.4.1.7 gantry crane A part of the transport system 

  2.4.1.8 tower crane A part of the transport system 

  2.4.1.9 stacker crane A part of the transport system 

  2.4.1.10 lifting hook A part of the transport system 

  2.4.1.11 clamp, gripper, jaw A part of the transport system 

  2.4.1.12 lifting by vacuum equipment A part of the transport system 

  2.4.1.13 lifting magnet A part of the transport system 

  2.4.1.14 lifting by freezing equipment A part of the transport system 

  2.4.1.15 claw A part of the transport system 

  2.4.2.0 industrial vehicles A part of the transport system 

  2.4.2.1 hand truck / hand cart A part of the transport system 

  2.4.2.2 pallet jack A part of the transport system 

  2.4.2.3 platform truck A part of the transport system 

  2.4.2.4 walkie stacker A part of the transport system 

  2.4.2.5 pallet truck A part of the transport system 

  2.4.2.6 tow tractor A part of the transport system 

  2.4.2.7 tractor trailer A part of the transport system 

  2.4.2.8 counterbalanced lift truck A part of the transport system 

  2.4.2.9 straddle carrier A part of the transport system 

  2.4.2.10 mobile yard crane A part of the transport system 

  2.4.2.11 automated guided vehicle A part of the transport system 

  2.4.2.12 sorting transfer vehicle A part of the transport system 

  2.4.2.13 straddle truck A part of the transport system 
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  2.4.2.14 straddle reach truck A part of the transport system 

  2.4.2.15 sideloader truck A part of the transport system 

  2.4.2.16 turret truck A part of the transport system 

  2.4.2.17 hybrid truck A part of the transport system 

  2.4.2.18 automated storage & retrieval 

machine 

A part of the transport system 

  2.4.2.19 railway vehicle A part of the transport system 

  2.4.2.20 bicycle A part of the transport system 

  2.4.3.0 conveyors and auxiliary 

equipment for conveyors 

A part of the transport system 

  2.4.3.1 chute conveyor A part of the transport system 

  2.4.3.2 belt conveyor A part of the transport system 

  2.4.3.3 roller conveyor A part of the transport system 

  2.4.3.4 wheel conveyor A part of the transport system 

  2.4.3.5 slat conveyor A part of the transport system 

  2.4.3.6 chain conveyor A part of the transport system 

  2.4.3.7 towline conveyor A part of the transport system 

  2.4.3.8 trolley conveyor A part of the transport system 

  2.4.3.9 power-and-free conveyor A part of the transport system 

  2.4.3.10 cart-on-track conveyor A part of the transport system 

  2.4.3.11 tray type conveyor A part of the transport system 

  2.4.3.12 sorter A part of the transport system 

  2.4.3.13 bucket elevator A part of the transport system 

  2.4.3.14 scraper conveyor A part of the transport system 

  2.4.3.15 chain through conveyors A part of the transport system 

  2.4.3.16 worm gear conveyor A part of the transport system 

  2.4.3.17 oscillatory conveyor A part of the transport system 

  2.4.3.18 suction driven pneumatic 

conveyor 

A part of the transport system 

  2.4.3.19 pressure driven pneumatic 

conveyor 

A part of the transport system 

  2.4.3.20 hydraulic conveyor A part of the transport system 

  2.5.0.0 stock and storage equipment Storage facilities 

  2.5.1.0 containers and unitizing 

equipment 

Storage facilities 

  2.5.1.1 pallet Storage facilities 

  2.5.1.2 skid and skid box Storage facilities 

  2.5.1.3 tote pan Storage facilities 

  2.5.1.4 stretch wrap Storage facilities 

  2.5.1.5 palletizer Storage facilities 

  2.5.1.6 pallet container Storage facilities 

  2.5.1.7 tank Storage facilities 
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  2.5.1.8 container cleaning machine Storage facilities 

  2.5.1.9 container closing and sealing 

machine 

Storage facilities 

  2.5.1.10 vacuum flask Storage facilities 

  2.5.2.0 storage equipment Storage facilities 

  2.5.2.1 bin shelving equipment Storage facilities 

  2.5.2.2 modular storage drawers in 

cabinets 

Storage facilities 

  2.5.2.3 carton flow rack Storage facilities 

  2.5.2.4 mezzanine Storage facilities 

  2.5.2.5 mobile storage Storage facilities 

  2.5.2.6 cold house Storage facilities 

  2.5.3.0 picking equipment Handling to and from storage  

  2.5.3.1 picking cart Handling to and from storage  

  2.5.3.2 order picking truck Handling to and from storage  

  2.5.3.3 person-aboard automated storage 

and retrieval machine 

Handling to and from storage  

  2.5.4.0 stock-to-operator equipment Handling to and from storage  

  2.5.4.1 carousel Handling to and from storage  

  2.5.4.2 automated storage and retrieval 

machine 

Handling to and from storage  

  2.5.4.3 high-density vertical storage Handling to and from storage  

  2.5.4.4 automatic dispenser Handling to and from storage  

  2.5.5.0 auxiliary stock and storage 

equipment 

Aid for stock and storage 

  2.5.5.1 bar codes Aid for stock and storage 

  2.5.5.2 bar code reader Aid for stock and storage 

  2.5.5.3 bar code scanner Aid for stock and storage 

  2.5.5.4 optical character recognition 

equipment 

Aid for stock and storage 

  2.5.5.5 radio frequency tag Aid for stock and storage 

  2.5.5.6 magnetic stripe Aid for stock and storage 

  2.5.5.7 machine vision Aid for stock and storage 

  2.5.5.8 radio frequency data terminal Aid for stock and storage 

  2.5.5.9 voice headset  for stock and 

storage processes 

Aid for stock and storage 

  2.5.5.10 light and computer aids for 

stock and storage processes 

Aid for stock and storage 

3.4.0 Define need for support 

systems 

1.1.1.0 foundation element Support systems for facility 

 1.1.1.1 improved soil Support systems for facility 

  1.1.1.2 shallow foundation Support systems for facility 
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  1.1.1.3 deep foundation Support systems for facility 

  1.1.1.4 subsoil and base slab Support systems for facility 

  1.1.1.5 flooring Support systems for facility 

  1.1.1.6 waterproofing element Support systems for facility 

  1.1.1.7 drainage Support systems for facility 

  1.1.1.8 foundations, other item Support systems for facility 

  1.1.6.0 structural fitment element Support systems for facility 

  1.1.6.1 general purpose fitment Support systems for facility 

  1.1.6.2 special purpose fitment Support systems for facility 

  1.1.6.3 structural fitments, other item Support systems for facility 

  1.2.0.0 building service structure 

element 

Support systems for facility 

  1.2.1.0 sewerage, water and gas system 

element 

Support systems for facility 

  1.2.1.1 sewerage system Support systems for facility 

  1.2.1.2 water supply system Support systems for facility 

  1.2.1.3 gas supply system Support systems for facility 

  1.2.1.4 sewerage, water and gas system, 

other item 

Support systems for facility 

  1.2.2.0 heat supply system element Support systems for facility 

  1.2.2.1 heat generator Support systems for facility 

  1.2.2.2 heat distribution network Support systems for facility 

  1.2.2.3 space heating Support systems for facility 

  1.2.2.4 heat supply systems, other item Support systems for facility 

  1.2.3.0 air treatment system element Support systems for facility 

  1.2.3.1 ventilation system Support systems for facility 

  1.2.3.2 partial air conditioning system Support systems for facility 

  1.2.3.3 air conditioning system Support systems for facility 

  1.2.3.4 refrigerating plant Support systems for facility 

  1.2.3.5 air treatment systems, other item Support systems for facility 

  1.2.4.0 power installation element Support systems for facility 

  1.2.4.1 high and medium voltage plant Support systems for facility 

  1.2.4.2 independent power supply 

installation 

Support systems for facility 

  1.2.4.3 low voltage switch-gear Support systems for facility 

  1.2.4.4 low voltage installation 

equipment 

Support systems for facility 

  1.2.4.5 lighting system Support systems for facility 

  1.2.4.6 lighting protection and earthing 

system 

Support systems for facility 
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  1.2.4.7 power installations, other item Support systems for facility 

  1.2.7.3 media supply system Support systems for facility 

  1.2.7.6 swimming baths equipment Support systems for facility 

  1.2.7.7 process heat plant, refrigeration 

plant, process air plant 

Support systems for facility 

  1.2.7.8 disposal facility Support systems for facility 

  1.2.7.9 function-related equipment and 

fitments, other item 

Support systems for facility 

  2.1.0.0 supply and disposal equipment Support systems for facility 

  2.1.1.0 energy supply equipment Support systems for facility 

  2.1.1.1 electrical supply equipment Support systems for facility 

  2.1.1.2 heat supply equipment Support systems for facility 

  2.1.2.0 water supply and disposal 

equipment 

Support systems for facility 

  2.1.2.1 compressed air system Support systems for facility 

  2.1.2.2 fire water supply equipment Support systems for facility 

  2.1.2.3 drinking water supply equipment Support systems for facility 

  2.1.2.4 waste water system Support systems for facility 

  2.1.4.0 air supply and disposal 

equipment 

Support systems for facility 

  2.1.4.1 ventilation Support systems for facility 

  2.1.4.2 exhaust system Support systems for facility 

  2.1.5.0 production plant related systems Support systems for facility 

  2.1.5.1 coolant supply and disposal 

equipment 

Support systems for facility 

  2.1.5.2 lubricant supply and disposal 

equipment 

Support systems for facility 

  2.1.5.3 extractors Support systems for facility 

  2.1.5.4 municipal waste disposal 

equipment 

Support systems for facility 

  2.1.5.5 industrial waste disposal 

equipment (e.g. chips and waste 

turnings) 

Support systems for facility 

  2.1.5.6 steam supply Support systems for facility 

  2.1.5.7 emergency power supply Support systems for facility 

  2.1.5.8 solvent supply equipment Support systems for facility 

  2.1.5.9 technical gas supply equipment Support systems for facility 

  2.1.5.10 vacuum supply equipment Support systems for facility 

  2.1.5.11 protection rating equipment Support systems for facility 
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  1.2.5.0 communication system element Part of information system 

  1.2.5.1 telecommunications system Part of information system 

  1.2.5.2 search and signalling equipment Part of information system 

  1.2.5.3 time metering system Part of information system 

  1.2.5.4 electroacoustic equipment Part of information system 

  1.2.5.5 television and aerial system Part of information system 

  1.2.5.6 security system Part of information system 

  1.2.5.7 transmission network Part of information system 

  1.2.5.8 telecommunications and other 

communications system, other item 

Part of information system 

  2.1.3.0 information supply equipment Part of information system 

  2.1.3.1 information system Part of information system 

  2.1.3.2 security related information 

system 

Part of information system 

  2.1.3.3 communication system Part of information system 

  2.5.5.1 bar codes Part of information system 

  2.5.5.2 bar code reader Part of information system 

  2.5.5.3 bar code scanner Part of information system 

  2.5.5.4 optical character recognition 

equipment 

Part of information system 

  2.5.5.5 radio frequency tag Part of information system 

  2.5.5.6 magnetic stripe Part of information system 

  2.5.5.7 machine vision Part of information system 

  2.5.5.8 radio frequency data terminal Part of information system 

  2.5.5.9 voice headset  for stock and 

storage processes 

Part of information system 

  2.5.5.10 light and computer aids for 

stock and storage processes 

Part of information system 

  2.6.4.0 communication equipment Part of information system 

  2.6.4.1 phone Part of information system 

  2.6.4.2 telephone exchanger Part of information system 

  2.6.4.3 mobile phone Part of information system 

  2.6.4.4 network communication 

equipment 

Part of information system 

  2.6.4.5 fax Part of information system 

  2.6.4.6 newstube Part of information system 

  2.6.4.7 time-register equipment Part of information system 

  2.6.4.8 white board Part of information system 

  2.6.4.9 bulletin board Part of information system 

  2.6.4.10 aerial Part of information system 

  1.2.7.4 medical and laboratory Part of fire and safety equipment 
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equipment 

  1.2.7.5 fire fighting installation Part of fire and safety equipment 

  2.6.6.0 health & safety equipment Part of fire and safety equipment 

  2.6.6.1 first-aid kit Part of fire and safety equipment 

  2.6.6.2 gas mask and breathing 

appliance 

Part of fire and safety equipment 

  2.6.6.3 helmet/glasses/ear protection Part of fire and safety equipment 

  2.6.6.4 alarm Part of fire and safety equipment 

  2.6.6.5 signal Part of fire and safety equipment 

  2.6.6.6 flash cube / light signal Part of fire and safety equipment 

  2.7.2.0 fire protection equipment Part of fire and safety equipment 

  2.7.2.1 fire alarm system equipment Part of fire and safety equipment 

  2.7.2.2 fire extinguisher Part of fire and safety equipment 

  2.7.2.3 sprinkler system Part of fire and safety equipment 

  2.6.0.0 organisational aid Organisational and administrative 

equipment 

  2.6.1.0 image handling equipment Organisational and administrative 

equipment 

  2.6.1.1 printer Organisational and administrative 

equipment 

  2.6.1.2 copier machine Organisational and administrative 

equipment 

  2.6.1.3 scanner Organisational and administrative 

equipment 

  2.6.1.4 microfilm reader Organisational and administrative 

equipment 

  2.6.2.0 computer equipment Organisational and administrative 

equipment 

  2.6.2.1 computer screen Organisational and administrative 

equipment 

  2.6.2.2 other computer input/output 

equipment (mouse, etc.) 

Organisational and administrative 

equipment 

  2.6.2.3 keyboard Organisational and administrative 

equipment 

  2.6.2.4 loudspeaker Organisational and administrative 

equipment 

  2.6.2.5 microphone / headset Organisational and administrative 

equipment 

  2.6.2.6 portable computer Organisational and administrative 

equipment 

  2.6.2.7 computer terminal Organisational and administrative 

equipment 
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  2.6.2.8 stationary computer Organisational and administrative 

equipment 

  2.6.2.9 data storage Organisational and administrative 

equipment 

  2.6.2.10 PDA Organisational and administrative 

equipment 

  2.6.2.11 server Organisational and administrative 

equipment 

  2.6.2.12 positioning device Organisational and administrative 

equipment 

  2.6.3.0 audiovisual equipment  Organisational and administrative 

equipment 

  2.6.3.1 image projector Organisational and administrative 

equipment 

  2.6.3.2 projector screen Organisational and administrative 

equipment 

  2.6.3.3 television screen Organisational and administrative 

equipment 

  2.6.3.4 presentation easel Organisational and administrative 

equipment 

  2.6.3.5 camera (photo and video) Organisational and administrative 

equipment 

  2.6.5.0 organisational tools Organisational and administrative 

equipment 

  2.6.5.1 reference system / filing machine Organisational and administrative 

equipment 

  2.6.5.2 card index Organisational and administrative 

equipment 

  2.6.5.3 binder Organisational and administrative 

equipment 

  2.6.5.4 file folder Organisational and administrative 

equipment 

  2.6.5.5 special purpose board Organisational and administrative 

equipment 

  2.6.5.6 office machinery (typewriter, 

calculator, etc.) 

Organisational and administrative 

equipment 

4.0.0 Design system   

4.1.0 Evaluate solutions   

4.1.1 Analyse flow   

4.1.2 Create preliminary layout 

and evaluate 

  

4.2.0 Choice of production 

resource 
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4.3.0 Specify support system 

demands 

  

4.3.1 Building demands 1.1.1.0 foundation element Building demands 

  1.1.1.1 improved soil Building demands 

  1.1.1.2 shallow foundation Building demands 

  1.1.1.3 deep foundation Building demands 

  1.1.1.4 subsoil and base slab Building demands 

  1.1.1.5 flooring Building demands 

  1.1.1.6 waterproofing element Building demands 

  1.1.1.7 drainage Building demands 

  1.1.1.8 foundations, other item Building demands 

  1.1.2.0 external wall element Building demands 

  1.1.2.1 loadbearing external wall Building demands 

  1.1.2.2 non-loadbearing external wall Building demands 

  1.1.2.3 external column Building demands 

  1.1.2.4 external door or window Building demands 

  1.1.2.5 cladding unit Building demands 

  1.1.2.6 internal lining of external walls Building demands 

  1.1.2.7 prefabricated facade unit Building demands 

  1.1.2.8 solar protection Building demands 

  1.1.2.9 external walls, other item Building demands 

  1.1.3.0 internal wall element Building demands 

  1.1.3.1 loadbearing internal wall Building demands 

  1.1.3.2 non-loadbearing internal wall Building demands 

  1.1.3.3 internal column Building demands 

  1.1.3.4 internal door or window  Building demands 

  1.1.3.5 internal lining of internal walls Building demands 

  1.1.3.6 prefabricated wall unit Building demands 

  1.1.3.7 internal walls, other item Building demands 

  1.1.4.0 floor and ceiling element Building demands 

  1.1.4.1 floor structure Building demands 

  1.1.4.2 flooring Building demands 

  1.1.4.3 ceiling lining Building demands 

  1.1.4.4 floors and ceilings, other item Building demands 

  1.1.5.0 roof element Building demands 

  1.1.5.1 roof structure Building demands 

  1.1.5.2 roof light or roof opening Building demands 

  1.1.5.3 roof covering Building demands 

  1.1.5.4 roof lining Building demands 

  1.1.5.5 roofs, other item Building demands 

  1.1.6.0 structural fitment element Building demands 
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  1.1.6.1 general purpose fitment Building demands 

  1.1.6.2 special purpose fitment Building demands 

  1.1.6.3 structural fitments, other item Building demands 

  1.2.0.0 building service structure 

element 

Building demands 

  1.2.1.0 sewerage, water and gas system 

element 

Building demands 

  1.2.1.1 sewerage system Building demands 

  1.2.1.2 water supply system Building demands 

  1.2.1.3 gas supply system Building demands 

  1.2.1.4 sewerage, water and gas system, 

other item 

Building demands 

  1.2.2.0 heat supply system element Building demands 

  1.2.2.1 heat generator Building demands 

  1.2.2.2 heat distribution network Building demands 

  1.2.2.3 space heating Building demands 

  1.2.2.4 heat supply systems, other item Building demands 

  1.2.3.0 air treatment system element Building demands 

  1.2.3.1 ventilation system Building demands 

  1.2.3.2 partial air conditioning system Building demands 

  1.2.3.3 air conditioning system Building demands 

  1.2.3.4 refrigerating plant Building demands 

  1.2.3.5 air treatment systems, other item Building demands 

  1.2.4.0 power installation element Building demands 

  1.2.4.1 high and medium voltage plant Building demands 

  1.2.4.2 independent power supply 

installation 

Building demands 

  1.2.4.3 low voltage switch-gear Building demands 

  1.2.4.4 low voltage installation 

equipment 

Building demands 

  1.2.4.5 lighting system Building demands 

  1.2.4.6 lighting protection and earthing 

system 

Building demands 

  1.2.4.7 power installations, other item Building demands 

  2.1.0.0 supply and disposal equipment Building demands 

  2.1.1.0 energy supply equipment Building demands 

  2.1.1.1 electrical supply equipment Building demands 

  2.1.1.2 heat supply equipment Building demands 

  2.1.2.0 water supply and disposal 

equipment 

Building demands 
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  2.1.2.1 compressed air system Building demands 

  2.1.2.2 fire water supply equipment Building demands 

  2.1.2.3 drinking water supply equipment Building demands 

  2.1.2.4 waste water system Building demands 

  2.1.4.0 air supply and disposal 

equipment 

Building demands 

  2.1.4.1 ventilation Building demands 

  2.1.4.2 exhaust system Building demands 

  2.1.5.0 production plant related systems Building demands 

  2.1.5.1 coolant supply and disposal 

equipment 

Building demands 

  2.1.5.2 lubricant supply and disposal 

equipment 

Building demands 

  2.1.5.3 extractors Building demands 

  2.1.5.4 municipal waste disposal 

equipment 

Building demands 

  2.1.5.5 industrial waste disposal 

equipment (e.g. chips and waste 

turnings) 

Building demands 

  2.1.5.6 steam supply Building demands 

  2.1.5.7 emergency power supply Building demands 

  2.1.5.8 solvent supply equipment Building demands 

  2.1.5.9 technical gas supply equipment Building demands 

  2.1.5.10 vacuum supply equipment Building demands 

  2.1.5.11 protection rating equipment Building demands 

  1.2.7.1 kitchen fitment Building demands 

  1.2.7.2 laundry and dry cleaning 

equipment 

Building demands 

4.3.2 Demands on factory 

information systems 

1.2.5.0 communication system element Information system demands 

  1.2.5.1 telecommunications system Information system demands 

  1.2.5.2 search and signalling equipment Information system demands 

  1.2.5.3 time metering system Information system demands 

  1.2.5.4 electroacoustic equipment Information system demands 

  1.2.5.5 television and aerial system Information system demands 

  1.2.5.6 security system Information system demands 

  1.2.5.7 transmission network Information system demands 

  1.2.5.8 telecommunications and other 

communications system, other item 

Information system demands 

  2.1.3.0 information supply equipment Information system demands 
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  2.1.3.1 information system Information system demands 

  2.1.3.2 security related information 

system 

Information system demands 

  2.1.3.3 communication system Information system demands 

  2.5.5.1 bar codes Information system demands 

  2.5.5.2 bar code reader Information system demands 

  2.5.5.3 bar code scanner Information system demands 

  2.5.5.4 optical character recognition 

equipment 

Information system demands 

  2.5.5.5 radio frequency tag Information system demands 

  2.5.5.6 magnetic stripe Information system demands 

  2.5.5.7 machine vision Information system demands 

  2.5.5.8 radio frequency data terminal Information system demands 

  2.5.5.9 voice headset  for stock and 

storage processes 

Information system demands 

  2.5.5.10 light and computer aids for 

stock and storage processes 

Information system demands 

  2.6.4.0 communication equipment Information system demands 

  2.6.4.1 phone Information system demands 

  2.6.4.2 telephone exchanger Information system demands 

  2.6.4.3 mobile phone Information system demands 

  2.6.4.4 network communication 

equipment 

Information system demands 

  2.6.4.5 fax Information system demands 

  2.6.4.6 newstube Information system demands 

  2.6.4.7 time-register equipment Information system demands 

  2.6.4.8 white board Information system demands 

  2.6.4.9 bulletin board Information system demands 

  2.6.4.10 aerial Information system demands 

4.3.3 Demands on fire and safety 

systems 

1.2.7.4 medical and laboratory 

equipment 

Fire and safety demands 

  1.2.7.5 fire fighting installation Fire and safety demands 

  2.6.6.0 health & safety equipment Fire and safety demands 

  2.6.6.1 first-aid kit Fire and safety demands 

  2.6.6.2 gas mask and breathing 

appliance 

Fire and safety demands 

  2.6.6.3 helmet/glasses/ear protection Fire and safety demands 

  2.6.6.4 alarm Fire and safety demands 

  2.6.6.5 signal Fire and safety demands 

  2.6.6.6 flash cube / light signal Fire and safety demands 

  2.7.2.0 fire protection equipment Fire and safety demands 

  2.7.2.1 fire alarm system equipment Fire and safety demands 
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  2.7.2.2 fire extinguisher Fire and safety demands 

  2.7.2.3 sprinkler system Fire and safety demands 

  2.7.3.0 light and lamp Fire and safety demands 

  2.7.3.1 ceiling lamp Fire and safety demands 

  2.7.3.2 desk lamp Fire and safety demands 

  2.7.3.3 wall light Fire and safety demands 

  2.7.3.4 flash light Fire and safety demands 

4.3.4 Demands on recycling 

systems 

2.1.2.4 waste water system Recycling demands 

  2.1.4.0 air supply and disposal 

equipment 

Recycling demands 

  2.1.4.1 ventilation Recycling demands 

  2.1.4.2 exhaust system Recycling demands 

  2.1.5.0 production plant related systems Recycling demands 

  2.1.5.1 coolant supply and disposal 

equipment 

Recycling demands 

  2.1.5.2 lubricant supply and disposal 

equipment 

Recycling demands 

  2.1.5.3 extractors Recycling demands 

  2.1.5.4 municipal waste disposal 

equipment 

Recycling demands 

  2.1.5.5 industrial waste disposal 

equipment (e.g. chips and waste 

turnings) 

Recycling demands 

4.4.0 Design detailed layout 2.7.0.0 interior Part of the surrounding areas 

  2.7.1.0 furniture Part of the surrounding areas 

  2.7.1.1 chair Part of the surrounding areas 

  2.7.1.2 desk Part of the surrounding areas 

  2.7.1.3 table Part of the surrounding areas 

  2.7.1.4 drafting table Part of the surrounding areas 

  2.7.1.5 cabinet Part of the surrounding areas 

  2.7.1.6 book case Part of the surrounding areas 

  2.7.1.7 shelf Part of the surrounding areas 

  2.7.1.8 carpet / floor cover Part of the surrounding areas 

  2.7.1.9 drawer unit Part of the surrounding areas 

  2.7.1.10 couch Part of the surrounding areas 

  2.7.1.11 garbage can Part of the surrounding areas 

  2.7.1.12 curtain Part of the surrounding areas 

  2.7.1.13 mirror Part of the surrounding areas 

  2.7.1.14 coat rack Part of the surrounding areas 

  2.7.1.15 bed Part of the surrounding areas 

  2.7.4.0 other interior Part of the surrounding areas 
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  2.7.4.1 laboratory equipment Part of the surrounding areas 

  2.7.4.2 safe Part of the surrounding areas 

  2.7.4.3 portable radiator Part of the surrounding areas 

  2.7.4.4 portable fan Part of the surrounding areas 

  2.7.4.5 coffee maker Part of the surrounding areas 

  2.7.4.6 kitchen appliance Part of the surrounding areas 

  2.7.4.7 fridge / freezer Part of the surrounding areas 

  2.7.4.8 dishwasher Part of the surrounding areas 

  2.7.4.9 kitchenware Part of the surrounding areas 

  2.7.4.10 decorative element Part of the surrounding areas 

  2.7.4.11 ladder Part of the surrounding areas 

  2.7.4.12 TV Part of the surrounding areas 

  2.7.4.13 radio / stereo Part of the surrounding areas 

  2.7.4.14 washing machine Part of the surrounding areas 

  2.7.4.15 vending machine Part of the surrounding areas 

4.5.0 Integrate, evaluate and 

verify data 

 Has no connection to the elements 

5.0.0 Realize system  Has no connection to the elements 

5.1.0 Prepare and hand over 

facility 

 Has no connection to the elements 

5.2.0 Prepare installation of 

system 

 Has no connection to the elements 

5.3.0 Execute equipment 

installation 

 Has no connection to the elements 

5.4.0 Install program  Has no connection to the elements 

5.5.0 Test the system  Has no connection to the elements 

6.0.0 Hand over and follow up  Has no connection to the elements 
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11.2 APPENDIX ELEMENTS 

11.2.1 EMAIL FROM VDI REGARDING VDI 2815 

 

Betreff: AW: VDI Richtlinie 2815  

Datum: 20. Dezember 2010 12:02:29 MEZ 

An: Hendrik Borges <hendrik.borges@googlemail.com> 

 

Sehr geehrter Herr Borgen,  

leider können wir nicht mehr nachvollziehen, warum die Richtlinie VDI 2815 Anfang 2001 

komplett zurückgezogen wurde. 

Es liegen weder ein Protokoll noch irgendwelche Notizen vor und der Mitarbeiter, der dies 

damals betreut hat, befindet sich mittlerweile im Ruhestand. 

Mit freundlichem Gruß aus dem VDI-Haus  

Jutta Lavreau 

--  

Jutta Lavreau  

Technik und Wissenschaft 

Verein Deutscher Ingenieure e.V.  

VDI-Platz 1  

40468 Düsseldorf 

Tel.: +49 211 6214 - 232  

Fax.: +49 211 6214 - 155  

lavreau@vdi.de  

 

Appendix Interfaces 

Appendix Sustainability 

www .vdi.de/gpl 

11.2.2 PHYSICAL ELEMENTS OF A FACTORY 

 

Level 0 Level 1 Level 2 #  name 

physical 

building 

element 

building 

construction 

element 

foundation element 1.1.1.1 improved soil 
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   1.1.1.2 shallow foundation 

   1.1.1.3 deep foundation 

   1.1.1.4 subsoil and base slab 

   1.1.1.5 flooring 

   1.1.1.6 waterproofing element 

   1.1.1.7 drainage 

   1.1.1.8 foundations, other item 

  external wall element 1.1.2.1 loadbearing external wall 

   1.1.2.2 non-loadbearing external 

wall 

   1.1.2.3 external column 

   1.1.2.4 external door or window 

   1.1.2.5 cladding unit 

   1.1.2.6 internal lining of external 

walls 

   1.1.2.7 prefabricated facade unit 

   1.1.2.8 solar protection 

   1.1.2.9 external walls, other item 

  internal wall element 1.1.3.1 loadbearing internal wall 

   1.1.3.2 non-loadbearing internal 

wall 

   1.1.3.3 internal column 

   1.1.3.4 internal door or window  

   1.1.3.5 internal lining of internal 

walls 

   1.1.3.6 prefabricated wall unit 

   1.1.3.7 internal walls, other item 

  floor and ceiling 

element 

1.1.4.1 floor structure 

   1.1.4.2 flooring 

   1.1.4.3 ceiling lining 

   1.1.4.4 floors and ceilings, other 
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item 

  roof element 1.1.5.1 roof structure 

   1.1.5.2 roof light or roof opening 

   1.1.5.3 roof covering 

   1.1.5.4 roof lining 

   1.1.5.5 roofs, other item 

  structural fitment 

element 

1.1.6.1 general purpose fitment 

   1.1.6.2 special purpose fitment 

   1.1.6.3 structural fitments, other 

item 

 building service 

structure 

element 

sewerage, water and 

gas system element 

1.2.1.1 sewerage system 

   1.2.1.2 water supply system 

   1.2.1.3 gas supply system 

   1.2.1.4 sewerage, water and gas 

system, other item 

  heat supply system 

element 

1.2.2.1 heat generator 

   1.2.2.2 heat distribution network 

   1.2.2.3 space heating 

   1.2.2.4 heat supply systems, other 

item 

  air treatment system 

element 

1.2.3.1 ventilation system 

   1.2.3.2 partial air conditioning 

system 

   1.2.3.3 air conditioning system 

   1.2.3.4 refrigerating plant 

   1.2.3.5 air treatment systems, 

other item 

  power installation 1.2.4.1 high and medium voltage 
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element plant 

   1.2.4.2 independent power supply 

installation 

   1.2.4.3 low voltage switch-gear 

   1.2.4.4 low voltage installation 

equipment 

   1.2.4.5 lighting system 

   1.2.4.6 lighting protection and 

earthing system 

   1.2.4.7 power installations, other 

item 

  communication system 

element 

1.2.5.1 telecommunications 

system 

   1.2.5.2 search and signalling 

equipment 

   1.2.5.3 time metering system 

   1.2.5.4 electroacoustic equipment 

   1.2.5.5 television and aerial 

system 

   1.2.5.6 security system 

   1.2.5.7 transmission network 

   1.2.5.8 telecommunications and 

other communications system, 

other item 

  transport system 

element 

1.2.6.1 lift 

   1.2.6.2 escalator, moving 

pavement 

   1.2.6.3 inspection and 

maintenance conveyor 

   1.2.6.4 conveying plant 

   1.2.6.5 crane 

   1.2.6.6 transport systems, other 
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item 

  function-related 

equipment 

1.2.7.1 kitchen fitment 

   1.2.7.2 laundry and dry cleaning 

equipment 

   1.2.7.3 media supply system 

   1.2.7.4 medical and laboratory 

equipment 

   1.2.7.5 fire-fighting installation 

   1.2.7.6 swimming baths 

equipment 

   1.2.7.7 process heat plant, 

refrigeration plant, process air 

plant 

   1.2.7.8 disposal facility 

   1.2.7.9 function-related equipment 

and fitments, other item 

  building automation 

element 

1.2.8.1 automated system 

   1.2.8.2 control cabinet 

   1.2.8.3 management and operator 

facility 

   1.2.8.4 room control system 

   1.2.8.5 transmission network 

   1.2.8.6 building automation, other 

item 

equipmen

t 

supply and 

disposal 

equipment 

energy supply 

equipment 

2.1.1.1 electrical supply 

equipment 

   2.1.1.2 heat supply equipment 

   2.1.1.3 compressed air system 

  water supply and 

disposal equipment 

2.1.2.1 fire water supply 

equipment 
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   2.1.2.2 drinking water supply 

equipment 

   2.1.2.3 waste water system 

  information supply 

equipment 

2.1.3.1 information system 

   2.1.3.2 security related 

information system 

   2.1.3.3 communication system 

  air supply and disposal 

equipment 

2.1.4.1 ventilation 

   2.1.4.2 exhaust system 

  production plant related 

systems 

2.1.5.1 coolant supply and 

disposal equipment 

   2.1.5.2 lubricant supply and 

disposal equipment 

   2.1.5.3 extractors 

   2.1.5.4 municipal waste disposal 

equipment 

   2.1.5.5 industrial waste disposal 

equipment (e.g. chips and waste 

turnings) 

   2.1.5.6 steam supply 

   2.1.5.7 emergency power supply 

   2.1.5.8 solvent supply equipment 

   2.1.5.9 technical gas supply 

equipment 

   2.1.5.10 vacuum supply 

equipment 

   2.1.5.11 protection rating 

equipment 

 manufacturing 

and tooling 

equipment 

equipment for shaping 

(processing operations) 

2.2.1.1 laser 
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   2.2.1.2 drill 

   2.2.1.3 saw 

   2.2.1.4 rolling machine 

   2.2.1.5 machine-tool for working 

any material by removal of 

material 

   2.2.1.6 machining centre 

   2.2.1.7 construction machine for 

working metal 

   2.2.1.8 turning centre 

   2.2.1.9 drilling machine 

   2.2.1.10 milling machine 

   2.2.1.11 gear cutting machine 

   2.2.1.12 bending, folding, 

straightening and flattening 

machine 

   2.2.1.13 press 

   2.2.1.14 punching and notching 

machine 

   2.2.1.15 forging and hammer 

machines 

   2.2.1.16 band saw 

   2.2.1.17 circular saw 

   2.2.1.18 sharpening machine 

   2.2.1.19 honing and lapping 

machine 

   2.2.1.20 broaching machine 

   2.2.1.21 sawing machine 

   2.2.1.22 planing, shaping and 

slotting machine 

   2.2.1.23 shearing machine 

   2.2.1.24 thread rolling machine 

   2.2.1.25 wire machine 
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   2.2.1.26 wood, cork et.al. 

Machine 

   2.2.1.27 splitting and slicing 

machine 

   2.2.1.28 converter, ladle, mould 

and casting machine 

   2.2.1.29 mill 

   2.2.1.30 cable and rope 

production machine 

   2.2.1.31 lathe 

   2.2.1.32 threading and tapping 

machine 

   2.2.1.33 cutting machine 

   2.2.1.34 injection-moulding 

machine 

   2.2.1.35 extruder machine 

   2.2.1.36 moulding machine 

   2.2.1.37 folding machine 

  equipment for property 

enhancing (processing 

operations) 

2.2.2.1 radiation based machine 

   2.2.2.2 furnace and oven 

   2.2.2.3 centrifuge 

   2.2.2.4 material treatment 

machine 

   2.2.2.5 metal treating machine 

   2.2.2.6 machine for isotopic 

separation 

   2.2.2.7 rubber and plastic 

production machine 

   2.2.2.8 foam production machine 

   2.2.2.9 size reduction machine 

   2.2.2.10 mixer 
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   2.2.2.11 electrolysis machine 

   2.2.2.12 dairy machine 

   2.2.2.13 vegetable preparation 

machine 

   2.2.2.14 food press 

   2.2.2.15 oven 

   2.2.2.16 food dryer 

   2.2.2.17 bakery machine 

   2.2.2.18 pasta machine 

   2.2.2.19 sweets machine 

   2.2.2.20 sugar preparation 

machine 

   2.2.2.21 brewery machine 

   2.2.2.22 meat preparation machine 

   2.2.2.23 fruit preparation machine 

   2.2.2.24 drink preparation 

machine 

   2.2.2.25 oil preparation machine 

   2.2.2.26 tobacco machine 

   2.2.2.27 felt finishing machine 

   2.2.2.28 linoleum production 

machine 

   2.2.2.29 drying machine 

   2.2.2.30 skin and leather treatment 

machine 

   2.2.2.31 pulp production machine 

   2.2.2.32 paper production 

machine 

   2.2.2.33 machinery to liquefy gas 

   2.2.2.34 gas purifier 

   2.2.2.35 liquid purifier 

  equipment for surface 2.2.3.1 grinder 
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processing (processing 

operations) 

   2.2.3.2 spray gun 

   2.2.3.3 sand blasting machine 

   2.2.3.4 spraying machine 

   2.2.3.5 polishing machine 

   2.2.3.6 grinding machine 

   2.2.3.7 earth, stone et.al. treatment 

machine 

   2.2.3.8 textile printing machine 

   2.2.3.9 ironing machine and press 

   2.2.3.10 dry-cleaning machine 

   2.2.3.11 printing machine 

  equipment for joining 

processes (assembly 

operations) 

2.2.4.1 soldering machine 

   2.2.4.2 welding machine 

   2.2.4.3 assembly machine for 

electronics 

   2.2.4.4 glass production machine 

   2.2.4.5 assembly machine 

   2.2.4.6 electronic appliance 

production machine 

   2.2.4.7 multi-purpose machine 

   2.2.4.8 bending and assembling 

machine for wood 

   2.2.4.9 textile extruding machine 

   2.2.4.10 textile spinning machine 

   2.2.4.11 weaving machine 

   2.2.4.12 knitting machine 

   2.2.4.13 yarn production machine 

   2.2.4.14 sewing machine 
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   2.2.4.15 footwear production 

machine 

  equipment for 

mechanical fastening 

(assembly operations) 

2.2.5.1 hand tool 

   2.2.5.2 riveting machine, swaging 

machine and spinning lathes 

   2.2.5.3 balancing machine 

   2.2.5.4 binding machine 

  auxiliary equipment for 

manufacturing 

operations 

2.2.6.1 moulding boxes 

   2.2.6.2 mould 

   2.2.6.3 electric blanket 

   2.2.6.4 cooling machine 

   2.2.6.5 transfer machine 

   2.2.6.6 draw-bench 

   2.2.6.7 industrial diamonds 

   2.2.6.8 industrial robot 

   2.2.6.9 arbors, collets and sleeves 

   2.2.6.10 motor 

   2.2.6.11 tool holder 

   2.2.6.12 diehead 

   2.2.6.13 jigs and fixtures 

   2.2.6.14 dividing heads 

   2.2.6.15 textile tools 

   2.2.6.16 way-type unit head for 

working metal 

   2.2.6.17 textile auxiliary machine 

   2.2.6.18 textile handling machines 

   2.2.6.19 spindle 

   2.2.6.20 collating machine 
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   2.2.6.21 greasing system 

   2.2.6.22 manufacturing and 

tooling equipment 

   2.2.6.23 engine 

 measuring and 

inspection 

device 

equipment for 

measuring geometrical 

indicators 

2.3.1.1 micrometer 

   2.3.1.2 gauge 

   2.3.1.3 measuring machine 

   2.3.1.4 level 

   2.3.1.5 measuring rod 

  equipment for 

measuring kinematic 

and oscillation 

indicators 

2.3.2.1 measuring kinematic and 

oscillation indicators 

  equipment for 

measuring mechanical 

load 

2.3.3.1 metal property testing 

machine 

   2.3.3.2 scale 

   2.3.3.3 label and weighing 

machine 

  equipment for 

measuring fluidic 

indicators 

2.3.4.1 hydrometer 

   2.3.4.2 flowmeter 

   2.3.4.3 levelmeter 

   2.3.4.4 pressure gauge 

   2.3.4.5 instrument to check 

variables of gas or liquid 

   2.3.4.6 manostat 

  equipment for 

measuring thermal 

indicators 

2.3.5.1 thermometer 
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   2.3.5.2 thermostat 

  equipment for 

measuring optical 

indicators 

2.3.6.1 optical testing machine 

   2.3.6.2 optical element 

  equipment for 

measuring 

environmental 

interactions 

2.3.7.1 instruments for measuring 

ionizing radiations 

   2.3.7.2 barometer 

  equipment for 

inspecting composition 

and structure 

2.3.8.1 gas or smoke analyser 

   2.3.8.2 chromatograph 

   2.3.8.3 spectrometer 

   2.3.8.4 microscope 

   2.3.8.5 x-ray machine 

  equipment for 

measuring electrical 

indicators 

2.3.9.1 oscilloscope 

   2.3.9.2 multimeter 

   2.3.9.3 voltmeter and current 

meter and resistance meter and 

power meter 

  equipment for 

measuring magnetic 

indicators 

2.3.10.1 magnet 

  auxiliary equipment for 

measurement and 

inspection 

2.3.11.1 test bench 

   2.3.11.2 specialized measuring 

device 

 transport and hoists, cranes, 2.4.1.1 monorail 
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handling 

equipment 

monorails and load 

carrying equipment 

   2.4.1.2 automated monorail 

   2.4.1.3 electrical hoist 

   2.4.1.4 pneumatic hoist 

   2.4.1.5 individual hoist 

   2.4.1.6 bridge crane 

   2.4.1.7 gantry crane 

   2.4.1.8 tower crane 

   2.4.1.9 stacker crane 

   2.4.1.10 lifting hook 

   2.4.1.11 clamp, gripper, jaw 

   2.4.1.12 lifting by vacuum 

equipment 

   2.4.1.13 lifting magnet 

   2.4.1.14 lifting by freezing 

equipment 

   2.4.1.15 claw 

  industrial vehicles 2.4.2.1 hand truck / hand cart 

   2.4.2.2 pallet jack 

   2.4.2.3 platform truck 

   2.4.2.4 walkie stacker 

   2.4.2.5 pallet truck 

   2.4.2.6 tow tractor 

   2.4.2.7 tractor trailer 

   2.4.2.8 counterbalanced lift truck 

   2.4.2.9 straddle carrier 

   2.4.2.10 mobile yard crane 

   2.4.2.11 automated guided vehicle 

   2.4.2.12 sorting transfer vehicle 

   2.4.2.13 straddle truck 

   2.4.2.14 straddly reach truck 
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   2.4.2.15 sideloader truck 

   2.4.2.16 turret truck 

   2.4.2.17 hybrid truck 

   2.4.2.18 automated storage & 

retrieval machine 

   2.4.2.19 railway vehicle 

   2.4.2.20 bicycle 

  conveyors and auxiliary 

equipment for 

conveyors 

2.4.3.1 chute conveyor 

   2.4.3.2 belt conveyor 

   2.4.3.3 roller conveyor 

   2.4.3.4 wheel conveyor 

   2.4.3.5 slat conveyor 

   2.4.3.6 chain conveyor 

   2.4.3.7 towline conveyor 

   2.4.3.8 trolley conveyor 

   2.4.3.9 power-and-free conveyor 

   2.4.3.10 cart-on-track conveyor 

   2.4.3.11 tray type conveyor 

   2.4.3.12 sorter 

   2.4.3.13 bucket elevator 

   2.4.3.14 scraper conveyor 

   2.4.3.15 chain through conveyors 

   2.4.3.16 worm gear conveyor 

   2.4.3.17 oscillatory conveyor 

   2.4.3.18 suction driven pneumatic 

conveyor 

   2.4.3.19 pressure driven 

pneumatic conveyor 

   2.4.3.20 hydraulic conveyor 

 stock and containers and unitizing 2.5.1.1 pallet 
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storage 

equipment 

equipment 

   2.5.1.2 skid and skid box 

   2.5.1.3 tote pan 

   2.5.1.4 stretchwrap 

   2.5.1.5 palletizer 

   2.5.1.6 pallet container 

   2.5.1.7 tank 

   2.5.1.8 container cleaning 

machine 

   2.5.1.9 container closing and 

sealing machine 

   2.5.1.10 vacuum flask 

  storage equipment 2.5.2.1 bin shelving equipment 

   2.5.2.2 modular storage drawers 

in cabinets 

   2.5.2.3 carton flow rack 

   2.5.2.4 mezzanine 

   2.5.2.5 mobile storage 

   2.5.2.6 cold house 

  picking equipment 2.5.3.1 picking cart 

   2.5.3.2 order picking truck 

   2.5.3.3 person-aboard automated 

storage and retrieval machine 

  stock-to-operator 

equipment 

2.5.4.1 carousel 

   2.5.4.2 automated storage and 

retrieval machine 

   2.5.4.3 high-density vertical 

storage 

   2.5.4.4 automatic dispenser 

  auxiliary stock and 

storage equipment 

2.5.5.1 bar codes 
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   2.5.5.2 bar code reader 

   2.5.5.3 bar code scanner 

   2.5.5.4 optical character 

recognition equipment 

   2.5.5.5 radio frequency tag 

   2.5.5.6 magnetic stripe 

   2.5.5.7 machine vision 

   2.5.5.8 radio frequency data 

terminal 

   2.5.5.9 voice headset  for stock 

and storage processes 

   2.5.5.10 light and computer aids 

for stock and storage processes 

 organizational 

aid 

image handling 

equipment 

2.6.1.1 printer 

   2.6.1.2 copier machine 

   2.6.1.3 scanner 

   2.6.1.4 microfilm reader 

  computer equipment 2.6.2.1 computer screen 

   2.6.2.2 other computer 

input/output equipment (mouse, 

etc.) 

   2.6.2.3 keyboard 

   2.6.2.4 loudspeaker 

   2.6.2.5 microphone / headset 

   2.6.2.6 portable computer 

   2.6.2.7 computer terminal 

   2.6.2.8 stationary computer 

   2.6.2.9 data storage 

   2.6.2.10 PDA 

   2.6.2.11 server 

   2.6.2.12 positioning device 
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  audiovisual equipment  2.6.3.1 image projector 

   2.6.3.2 projector screen 

   2.6.3.3 television screen 

   2.6.3.4 presentation easel 

   2.6.3.5 camera (photo and video) 

  communication 

equipment 

2.6.4.1 phone 

   2.6.4.2 telephone exchanger 

   2.6.4.3 mobile phone 

   2.6.4.4 network communication 

equipment 

   2.6.4.5 fax 

   2.6.4.6 newstube 

   2.6.4.7 time-register equipment 

   2.6.4.8 white board 

   2.6.4.9 bulletin board 

   2.6.4.10 aerial 

  organizational tools 2.6.5.1 reference system / filing 

machine 

   2.6.5.2 card index 

   2.6.5.3 binder 

   2.6.5.4 file folder 

   2.6.5.5 special purpose board 

   2.6.5.6 office machinery 

(typewriter, calculator, etc.) 

  health & safety 

equipment 

2.6.6.1 first-aid kit 

   2.6.6.2 gas mask and breathing 

appliance 

   2.6.6.3 helmet/glasses/ear 

protection 

   2.6.6.4 alarm 
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   2.6.6.5 signal 

   2.6.6.6 flash cube / light signal 

 interior furniture 2.7.1.1 chair 

   2.7.1.2 desk 

   2.7.1.3 table 

   2.7.1.4 drafting table 

   2.7.1.5 cabinet 

   2.7.1.6 book case 

   2.7.1.7 shelf 

   2.7.1.8 carpet / floor cover 

   2.7.1.9 drawer unit 

   2.7.1.10 couch 

   2.7.1.11 garbage can 

   2.7.1.12 curtain 

   2.7.1.13 mirror 

   2.7.1.14 coat rack 

   2.7.1.15 bed 

  fire protection 

equipment 

2.7.2.1 fire alarm system 

equipment 

   2.7.2.2 fire extinguisher 

   2.7.2.3 sprinkler system 

  light and lamp 2.7.3.1 ceiling lamp 

   2.7.3.2 desk lamp 

   2.7.3.3 wall light 

   2.7.3.4 flash light 

  other interior 2.7.4.1 laboratory equipment 

   2.7.4.2 safe 

   2.7.4.3 portable radiator 

   2.7.4.4 portable fan 

   2.7.4.5 coffee maker 

   2.7.4.6 kitchen appliance 

   2.7.4.7 fridge / freezer 
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   2.7.4.8 dishwasher 

   2.7.4.9 kitchenware 

   2.7.4.10 decorative element 

   2.7.4.11 ladder 

   2.7.4.12 TV 

   2.7.4.13 radio / stereo 

   2.7.4.14 washing machine 

   2.7.4.15 vending machine 
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11.2.3 PRODCOM LIST 

 

The PRODCOM list is too large to print. To see a full version email  

hendrik@sustainable-factory.eu 
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11.2.4 ELEMENTS WITH DIRECT IMPACT ON SUSTAINABILITY 

 

 

11.3 APPENDIX INTERFACES 

11.3.1 CONNECTION BETWEEN THE INTERFACES AND SUSTAINABILITY 
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11.3.2 INTERFACE DESCRIPTIONS 

 

Air Quality: OEL Classification 

Classification Scheme of Target Levels for Common Air Contaminants in Industrial 

Settings 

as Table 6.19 on page 403 in Goodfellow: Industrial ventilation design guidebook 

OEL of Finland 

      

Contaminant unit I. Special 

Room 

II. Good 

Industrial 

Level 

III. General 

Industrial 

Level 

IV. 

Minimum 

Industrial 

Level 

inorganic dust mg/m
3
 < 0,01 < 0,5 0,5 - 2,5 2,5 - 10 

Cr (III) compounds  μg/m
3
  < 10 10 - 100 100 - 500 

Cr (VI) compounds μg/m
3
  < 2 2 - 10 10 - 50 

Nickel compounds μg/m
3
  < 5 5 -20 20 - 100 

oil mist mg/m
3
  < 0,2 0,2 -  1 1 - 5 

formaldehyde mg/m
3
 0,02 < 0,1 0,1 - 0,2 0,2 - 0,37 

nitron dioxide mg/m
3
 < 0,1 < 0,2 0,2 - 1,4 1,4 - 5,7 

carbon monoxide mg/m
3
  < 3 3 - 12 12 - 35 

ozone μg/m
3
 10 < 50 50 - 75 75 - 100 

acetone mg/m
3
  < 12 12 - 120 120 - 1200 

butanol mg/m
3
  < 2 2 - 20 20 - 150 

aliphatic mineral 

spirits 

mg/m
3
  < 10 10 - 100 100 - 1200 

isopropanol mg/m
3
  < 5 5 - 50 50 - 500 

toluene mg/m
3
  < 5 5 - 40 40 - 190 

xylenes mg/m
3
  < 5 5 - 40 40 - 440 

sryrene mg/m
3
  < 1 1 - 20 20 - 86 

other contaminants   < 0,1 x OEL 0,1 - 0,25 x 

OEL 

< OEL 
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Air Quality: LFL and UFL of gases 

LFL and UFL for some common vapours 

Source: http://www.engineeringtoolbox.com/explosive-concentration-limits-

d_423.html 

The limits indicated are for gas and air at 20oC and atmospheric pressure. 

   

Fuel Gas (LEL/LFL) in % (UEL/UFL) in % 

Acetaldehyde 4,0 60,0 

Acetone 2,6 12,8 

Acetylene 2,5 81,0 

Ammonia 15,0 28,0 

Arsine 5,1 78,0 

Benzene 1,4 6,7 

n-Butane 1,9 8,4 

iso-Butane 1,8 8,4 

iso-Butene 1,8 9,0 

Butylene 2,0 9,7 

Carbon Disulfide 1,3 50,0 

Carbon Monoxide 12,0 75,0 

Cyclohexane 1,3 8,0 

Cyclopropane 2,4 10,4 

Diethyl Ether 1,9 36,0 

Ethane 3,0 12,4 

Ethylene 2,8 28,6 

Ethyl Alcohol 3,3 19,0 

Ethyl Chloride 3,8 15,4 

Fuel Oil No.1 0,7 5,0 

Hydrogen 4,0 75,0 

Isobutane 1,8 9,6 

Isopropyl Alcohol 2,0 12,0 

Gasoline 1,4 7,6 

Kerosine 0,7 5,0 
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Methane 5,0 15,0 

Methyl Alcohol 6,7 36,0 

Methyl Chloride 10,7 17,4 

Methyl Ethyl Ketone 1,8 10,0 

Naphthalene 0,9 5,9 

n-Heptane 1,0 6,0 

n-Hexane 1,3 7,0 

n-Pentene 1,7 7,7 

Neopentane 1,4 7,2 

Neohexane 1,2 7,6 

n-Octane 1,0 3,2 

iso-Octane 0,8 5,9 

n-Pentane 1,4 7,8 

iso-Pentane 1,3 9,2 

Propane 2,1 10,1 

Propylene 2,0 11,1 

Silane 1,5 98,0 

Styrene 1,1 6,1 

Toluene 1,3 6,8 

Triptane 1,1 6,7 

p-Xylene 1,0 6,0 
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Sound: Comparison of EU Directives 

Comparison of the previous Noise Directive with the Physical Agents Noise Directive 

Source: NON BINDING GUIDE TO GOOD PRACTICE FOR THE APPLICATION OF DIRECTIVE 

2003/10/EC “NOISE AT WORK” page 13 

   

Provision 86/188/EEC Noise Directive 2003/10/EC New Noise Directive 

Reduce risk To lowest level reasonably 

practicable 

Eliminated at source or reduced to a 

minimum 

Assess and where necessary 

measure exposure 

Where noise experienced Where workers are, or are likely to be, 

exposed to risk 

Assessment period Working day Working day or one week 

Information and training to 

workers and representatives 

Above 85 dB(A) daily exposure 

and 140 dB peak level 

Above 80 dB(A) daily/ weekly 

exposure and 135 dB(C) peak level 

Health surveillance Good practice at and above 90 

dB(A) 

Regularly exposed at or above 85 

dB(A) daily exposure or 137 dB(C) 

peak 

Workers’ right to hearing checks 

/ audiometric testing 

Above 85 dB(A) daily exposure 

and 140 dB peak level 

Above 85 dB(A) daily/ weekly 

exposure and 137 dB(C) peak level. To 

be available at 80 dB(A) and 112 Pa 

where risk indicated 

Make hearing protection 

available 

Above 85 dB(A) daily exposure 

and 140 dB peak 

Above 80 dB(A) daily/ weekly 

exposure and 135 dB(C) peak level 

Hearing protection to be worn Above 90 dB(A) daily exposure 

and 140 dB peak 

At or above 85 dB(A) daily/ weekly 

exposure and 137 dB(C) peak; 

protectors to eliminate risk or reduce to 

a minimum 

Limit on exposure - 87 dB(A) daily/ weekly exposure and 

140 dB(C) peak at the ear 

Program of control measures Above 90 dB(A) daily exposure 

and 140 dB peak 

Above 85 dB(A) daily exposure and 

137 dB(C) peak 

Delimit areas, put up signs and 

control access 

Where reasonably practicable 

above 90 dB(A) daily exposure 

and 140 dB peak 

Above 85 dB(A) daily/ weekly 

exposure and 137 dB(C) peak 

Workers’ representatives to 

receive information 

>85 dB(A) daily exposure and 

140 dB peak (assessments) >90 

dB(A) daily exposure and 140 

dB peak (programmes of 

measures) 

Refers back to Directive 89/391/EEC 
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Derogations Weekly exposure averaging; 

From use of hearing protection 

where health and safety risk 

From use of hearing protection where 

health and safety risk 

Transitional periods - Additional transitional period for 

shipping and for music and 

entertainment sectors 

Non-application Sea and air transport Conflict with public service activities 
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11.4 APPENDIX DATABASE MODEL 

 

Element

PK Ele_ID

 Ele_Name

 Ele_Level

 Ele_FirstLevel

 Ele_SecondLevel

 Ele_ThirdLevel

 Ele_FourthLevel

 Ele_Desciption

Interface

PK Int_ID

 Int_Name

 Int_Considerations

Sustainability

PK Sus_ID

 Sus_Name

 Sus_FirstLevel

 Sus_SecondLevel

 Sus_Considerations

PlanningFlowStep

PK Pla_ID

 Pla_Name

 Pla_Level

 Pla_FirstLevel

 Pla_SecondLevel

 Pla_ThirdLevel

 Pla_Description

 Pla_Link

ElementInterface

PK EI_ID

FK1 Ele_ID

FK2 Int_ID

 EI_Out

 Ei_ObjectiveRelation

 EI_StrengthText

 EI_StrengthNumber

 EI_TargetValue

 EI_BorderMaxValue

 EI_BorderMinValue

 EI_Reasoning

SustainabilityInterface

PK SI_ID

FK2 Int_ID

FK1 Sus_ID

 SI_Reasoning

SustainabilityElement

PK SE_ID

FK2 Sus_ID

FK1 Ele_ID

 SE_Relation

 SE_Reasoning

PlanningFlowElement

PK PFE_ID

FK2 Ele_ID

FK1 Pla_ID

 PFE_Reasoning

 

 

 

 

 

 

 

11.5 APPENDIX CASE STUDY: RELEVANT INTERFACES  

 

This Appendix lists the relevant interfaces for the Small Factory in Sierra Leone and their 

relevant sustainability factors. 
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air quality energy flow light 

Air Quality Access to Energy Accident Prevention 

Energy Use Dependency on Subsidies Disaster Preparedness and response 

Impact on Climate Change Disaster Preparedness and 

response 

Energy Use 

Impact on Ecosystem Energy Use Labour Productivity 

Impact on Ozone Layer Depletion Impact on Climate Change Profitability 

Labour Productivity Impact on Ozone Layer 

Depletion 

Security 

Profitability Intuitive Usability Work's Impact on Worker's Long 

Term Health 

Sanitation Production Depth Working Conditions 

Work's Impact on Worker's Long 

Term Health 

Profitability  

Working Conditions Vulnerability to Natural 

Hazards 

 

 Waste Generation and 

Management 

 

 Water Quality  

 Working Conditions  

 

 

climate noise vibration/force 

Air Quality Accident Prevention Accident Prevention 

Energy Use Impact on Ecosystem Impact on Ecosystem 

Impact on Climate Change Labour Productivity Labour Productivity 

Impact on Ecosystem Profitability Profitability 

Impact on Ozone Layer 

Depletion 

Work's Impact on Worker's Long Term 

Health 

Waste Generation and Management 

Labour Productivity Working Conditions Work's Impact on Worker's Long Term 

Health 

Profitability  Working Conditions 

Sanitation   

Working Conditions   

 

 

 

space/room personnel flow asset flow medium flow 

Accident Preparation Access to Food and Drinks Dependency on Adjustment to 



Sustainability in Factory Design   Annelie Kanold 

 

144 

 

Subsidies Demographics of Workers 

Dept Ratio of 

Financing 

Accident Prevention Dept Ratio of 

Financing 

Air Quality 

Disaster Preparedness 

and response 

Adjustment to Demographics 

of Workers 

Level of Research and 

Development 

Cleanliness of Water 

Energy Use Disaster Preparedness and 

response 

Pay Inequality Disaster Preparedness and 

response 

Labour Productivity Labour Productivity Production Depth Energy Use 

Production Depth Production Depth Profitability Impact on Climate Change 

Profitability Profitability Transportation Impact on Ecosystem 

Security Transportation  Impact on Ozone Layer 

Depletion 

Transportation Work's Impact on Worker's 

Long Term Health 

 Intuitive Usability 

Vulnerability to 

Natural Hazards 

Working Conditions  Labour Productivity 

Working Conditions   Material Consumption 

   Netto Water Quantity Used 

   Profitability 

   Sanitation 

   Transportation 

   Waste Generation and 

Management 

   Water Quality 

 

 

 

 


