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Abstract. The necessity of energy equilibrium in industrial building stock must be addressed at 

design level in order to optimise use of materials without jeopardising the functional outcome. 

To do so effectively, the designer should incorporate a light use vs availability balance that will 

harness as much natural light resources as possible without creating unfavourable conditions 

due to over-exposure and thermal gains/losses. This work is an exploration between the 

relationship of sustainability with Lean thinking in the backdrop of sustainable and Lean 

construction. Exploring the benefits of lean and sustainable construction is about exploring 

how one can bring about great environmental, economic and social gains with the 

minimization of energy use, natural waste, environmental impacts as along with the creation of 

a healthy and productive work environment are the focus of sustainability in the construction 

industry. In effect answering how Daylight and Lean Thinking Principles can lead to 

optimizing Industrial buildings in terms of design and execution. 

1. Introduction 

Currently, one can observe a significant change in corporate environments and decision making. The 

new dawn of corporate social responsibility demand from end users and stakeholders alike as a result 

of pressing socioeconomic [1] and environmental issues [2]. In this climate environmental concerns 

attract more and more attention and become central parts in the global development agenda. Work 

presented in the past from [3] has irrefutably presented the great contribution of the construction 

industry in terms of environmental impact demonstrating its insatiable demand for earth extracted 

materials that reaches 60% while being responsible for 50% of the man-made CO2 emissions in the 

atmosphere. Despite the fact that a considerable amount of research has taken place in the past in 

terms of a building’s environmental and pollution footprint, as this is determined in terms of air, noise, 

energy and water consumption amongst others, less attention was paid to the effect the building design 

and construction process has in that regard. 

Additionally, work in the field has shown that the industrial sector is one of the major consumers of 

energy with data from 2011 showing that the sector was responsible for 26% of the total energy 

consumption according to [4] while in the US it represents an even higher proportion of 31% [5] with 

only 7.5% of that energy coming from renewable sources of energy in the same year [6]. Research in 

different sectors in the US identified a “waste” of energy on non-productive activities of 15% with the 

majority of that (80%) being directly or indirectly attributed to lighting and air conditioning [7]. 

Tsangrassoulis et al. [8] has undertaken research in the past that aimed at examining a hybrid 

daylighting system while Doulos et al. [9–11] investigating the relationship that hybrid dimming and 

daylighting systems have while Kontadakis et al. [12] focused on the impact of active sunlight 
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redirection systems for daylight. On top of the above, a variety of studies have been undertaken on the 

study of daylight systems and devices inside different building types and the effects those have [13, 

14] providing ample of evidence and scope for the incorporation of those elements in a holistic 

approach to the design paradigm. In that effect daylight can be an effective sustainable construction 

strategy based on Lean thinking principles. This can provide important environmental and 

socioeconomic benefits with the reduction of the overall environmental impact due to reductions in 

emissions. Furthermore this strategy requires no significant maintenance resources for and is a passive 

form that requires no additional energy. 

The above all signified the importance of such work in the field of conceptual design and 

construction where the synergy between those different aspects of modular and lean construction 

principles along with the importance of maximizing the utilization of available natural resources such 

as lighting and how that can lead to the identification of optimal solutions in terms of resource waste. 

This paper aims at addressing the environmental, social and economic progress by ensuring a 

continuous increase of embodied added value in the Architecture, Engineering and Construction 

(AEC) industry by providing a framework for the synergy between lean construction and sustainability 

in the industrial buildings in terms of modularity and daylight requirements. As a result, delivering not 

only reduced energy consumption, environmental impact and waste for the design and construction 

process but also improve the quality, safety and health aspects for the end users. 

Due to the particular needs of an industrial envelope and estate in terms of big, unobstructed areas 

and adequate work light conditions without jeopardizing sustainable construction and ethical footprint 

it is becoming important for the stakeholders to explore industrial construction, sustainability and their 

relationship. With the implementation of Lean Thinking principles in design and construction one can 

attain benefits in environmental, economic and social terms with the elimination of non-value adding 

activities and processed in terms of design and implementation. Additionally, the apparent economic 

and environmental benefits of Lean Thinking compound to the potential social improvement aspects 

that such an approach can have with its objective being the efficient use of resources in the design, 

construction and use of buildings putting a major emphasis on the resources necessary to improve the 

overall environment and user health while minimizing waste. A series of studies have investigated the 

relationship between lean construction and Lean Thinking (LT) [15] investigating the review of the 

bibliography about the Sustainability through Lean Construction (LC) while others [16] dealt with a 

more systematic review of the state-of-the-art literature in lean and green. 

2. Methodology 

The project will use qualitative research methods. The qualitative approach is considered an effective 

method for conducting extensive review and identifying research gaps. A systematic approach will be 

used to determine the characteristics and requirements of industrial buildings. The aim is to analyse 

the characteristics of industrial buildings and the relationship between LC and Sustainability for 

optimisation of the corresponding building type. A qualitative research to identify the key components 

that link modular construction to the above will be conducted. This approach aims to identify 

similarities between these issues. This method will drive to recognition of a tool that will follow these 

common values and optimize industrial buildings in relation to Lean thinking. 

The qualitative approach is an exploratory research that focuses on the collection of secondary data 

collected from sources such as published articles, books, magazines and web portals. After the 

collection of the data will follow summary, synthesis and comparison of the information obtained in 

order to develop critical knowledge about the investigated area and address the research questions. 

3. Industrial Buildings 

An industrial building is designed according to its functional needs despite morphological choices. 

Their main feature is the simple geometry. Their design is a "shell" with purely functional purposes, 

reasons of security and flexibility, follows the prevailing one construction technology, available 

building materials and project the image of the business. As a point to note, the buildings consist 

mainly of one-dimensional volumes with rectangular construction. 
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Table 1. Characteristics of Industrial Buildings and Requirements during the design Stage. 

Characteristics of industrial buildings Requirements during the design stage of 

industrial buildings 

Construction of metal or concrete Aesthetics and customer's corporate identity 

Continuous changes Flexibility in current and future use 

Land Maintenance Requirements 

Large roof Needs of the production line 

One dimensional volume Specific material 

Shape (Rectangular / simple geometry) Speed of construction  

Short life cycle Sustainability / Environmental performance  

Sufficient penetration of Daylight   

The concept of LC is based on the application of LT and Philosophy in the construction industry. 

The construction sector uses intensively resources and produces waste with a significant impact on the 

environment [17]. In the same vein, Grohmann [18] showed that the amount of material and workforce 

wasting ranges anywhere up to 30% of the actual construction itself in a world that suffers from the 

lack and cost of clean water. Furthermore, [19] has shown the reflection of such waste in labour costs, 

which can cause a 6% increase in total costs. Therefore, LC positions itself at the right place to effect 

change in the production management system of the construction sector eliminating all types of 

wastes.  

Modular Construction buildings are created and controlled in a factory environment, which allows 

the high quality of finishing and the use of different materials such as wood, steel or concrete [20]. 

Some of the key features of Modular Construction are the safety of construction, the reduction of 

construction time, the reduction of waste, the flexibility enabling the creation of many types and the 

reuse for various types of buildings of any size. Historically, the design of these structures was done 

with simple lines and simplicity. In recent years, Modular Construction has evolved into a much more 

complex and aesthetically acceptable set which not only meets the basic needs of the user but can also 

allow constant change depending on the needs that arise. Yu et al. [21] identified Modular 

construction systems as an agglomeration of 3 discreet ideas, those of prefabrication, standardization, 

and dimensional coordination. One of the most important aspects of modular products and their 

implementation is the potential for effective flexibility and reduced process complexity [22]. 

One of the most important benefits of Modular Construction is the rapid construction and the short 

time between the beginning of the construction project and the delivery of the final project to the 

customer [23] In addition, the risk of delays due to extreme weather conditions is minimized [24]. 

Finally, Modular Construction can and does save about 40% of construction time compared to 

traditional techniques factory-built in a controlled environment [24, 25]. Such a method of 

construction offers various advantages compared to the conventional way of on-site construction such 

as the reduction of project time, but also the increased quality characteristics. Therefore, 

standardization can be considered as a process with multiple advantages throughout the manufacturing 

process. Modularity offers improvements to the construction of a building throughout its life cycle, 

from development to resale [26]. The use of Modular philosophy in construction is a method of value 

management, where internal (production) and external (customer) needs are balanced [27]. It enables 

construction flexibility but also reduced complexity in the construction process [22]. 

Concluding, Modular Construction is the most effective way to reduce waste in the construction 

industry. The significant reduction in materials but also time is what plays such an important role in 

designating this way of construction as Sustainable Building. The above in combination with the 

Modular design form allows, under appropriate forecasting conditions, the deconstruction of the 

structure in the future and the reuse of these elements in new constructions outside the space [20]. 

There are multiple benefits stemming from the use of modular construction. Nikmehr et al. [28] 
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identified those in terms of waste minimization while Boyd et al. [29] focused in the improvement 

recorded in the overall quality. However, the role of daylight and how it can be adapted in the Modular 

Construction with a beneficial way hasn’t examined further.  

4. The role of Daylight 

Natural light has many benefits for humans and the environment. Increases productivity, reduces 

errors while reducing electricity consumption for lighting. At the same time, it creates a pleasant 

environment that cannot be easily or economically achieved with artificial lighting [30]. Research says 

that productivity can be increased by 10% and errors can be reduced by 30% [31]. Studies correlate 

lighting with performance and health of users. Misuse of natural light can lead to poor quality of work, 

low productivity and increase of errors as a result the creation of a waste. Low lighting in the working 

plane can lead to employee fatigue, headaches, stress and accidents. In addition, excessive lighting can 

also cause health problems. Light regulates our circadian rhythm, our alertness, concentration and 

cognitive performance amongst many other non-visual functions [32]. 

Research shows that 20% of world electricity consumption comes from electricity consumption for 

artificial lighting [33], a number that exceeds the percentage of total annual nuclear energy production 

worldwide [34]. In addition, electricity consumption in the construction sector for artificial light 

represents about 11% of energy use in domestic and 18% in commercial buildings [35], generating 

billions of tons of carbon each year. Global electricity consumption for lighting will continue to 

expand and is expected to rise in the future, with CO2 emissions to be doubled and even more. 

Although sustainability is promoted to save energy and reduce environmental impact, the use of 

artificial lighting cannot be easily reduced [36]. Finding a solution of a suitable natural lighting system 

could reduce the consumption of lighting, while it could reduce the cooling loads of the internal 

equipment as much as possible. By achieving a reduction in the consumption of artificial lighting, an 

additional 10-20% of the energy use of refrigeration loads can be saved [37]. 

By applying natural lighting strategies, the reduction of the use of luminaires can be achieved, with 

a direct reduction of greenhouse emissions, as well as with consumables and with the maintenance of 

lamps. Incorporating lighting strategies can reduce the total energy cost in buildings such as 

commercial or social welfare by one third (1/3) [37]. Furthermore, daylight provides many benefits, 

but this requires an application study that includes elements of visual comfort and thermal gain. Proper 

study of the daylight characteristics and its integration into the building design will lead to the 

achievement of appropriate, comfortable and energy efficient systems [38]. Proper use of natural light 

can reduce the two main consumers of a building, electric lighting and cooling as the misuse of 

luminaires excessive amounts of heat in buildings, which create an increased need for cooling. The use 

of daylight can reduce by up to 30% the amount of electricity consumed for lighting [30]. The daylight 

harvesting in order to be efficient needs to be designed in a way that meets the required lighting levels 

using photosensors [39].  

While the part of the daylight in industrial building is crucial, its impact in modular building hasn’t 

yet been correlated (Figure 1). As an example, the opening dimensions chosen to be implemented 

should conform to multiparametric criteria and ensure light uniformity as described in EN 12464 while 

maintaining an economic profile in terms of construction while making optimal use of available 

daylight for the examined area where a modular building can be placed (Figure 2). 
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Figure 1. Path of interdependency between Sustainability, Lean Construction and Daylight. 

 

 

Figure 2. Setting the geometrical properties of external opening for a modular construction a) 

concerning the most beneficial solution having compliance with European Norm lighting 

requirements and b) considering the area of the modular building for the corresponding daylight data. 
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5. Discussion and Conclusions 

Lean Thinking provides multiple benefits in terms of the environment, the economy and social aspects 

of a project while sustainability has as an objective the efficient use of resources in the design, 

construction and use of a building. Therefore, the emphasis on resources related to the environment 

and user health becomes the apparent focus of sustainability in the construction industry. In that 

regard, as the principles of Lean Thinking in Construction are those of minimizing waste of material 

use and time allotted to maximize added value the similarities between the concepts of Lean 

Construction and those of sustainable and modular construction become apparent. Nowadays industry 

produces more waste than any other sector of human activity worldwide [40]. The above in 

combination with the Modular design form allows, under appropriate forecasting conditions, the 

deconstruction of the structure in the future and the reuse of these elements in new constructions 

outside the space [20]. 

For the purpose of this work the authors approached the concept of lean, modular and sustainable 

construction in a manner that allows meaningful conclusions to be drawn comparing and analysing 

them for intersection points to be identified. In that respect, multiple environmental, economic and 

social benefits of daylight have been identified and the ability of Lean thinking to aid in harnessing 

those benefits has been explored. Therefore, the ability of Natural light to influence visual comfort and 

improving users’ health have been highlighted with the relevant increases in productivity, and 

improvement in efficiency being directly affected. Furthermore, the overall reduction in energy 

consumption, directly contributes to the reduction of pollutants which in turn both directly and 

indirectly affect the environmental footprint and affects the whole life cycle cost of the building in 

question. It has therefore been shown that the use of daylight is an effective strategy for sustainability 

with savings in the order of up to 20-30% of the total energy demand of a building in addition to the 

real economic cost and benefits. As such it presents a holistic approach that provides multiple benefits 

to the stakeholders and end-users alike with reductions in the overall thermal equilibrium and specially 

the cooling load while reducing the initial costs of HVAC and reducing overall waste. 

As the cornerstone of Lean Thinking philosophy revolves around identifying ways to achieve more 

with less, not taking advantage of a resource like the sun and the Natural daylight that it provides in 

abundance would not play strongly in its favour. Therefore, utilising the sun as a source of 

illuminating a building’s interior illuminate or for collecting, storing and distributing heat load through 

the use of technologies such as passive solar heating are typical examples of Lean Thinking and 

Philosophy and must be exploited to achieve our sustainable future goals in construction. Natural 

Lighting has been the point of application of Lean Construction in the present research with the aim of 

this study of a methodology that optimizes industrial buildings through Natural Lighting in various 

areas. 

6. References 

[1]  Pacala S, Sokolow R. 2004 Stabilization Wedges: Solving the Climate Problem for the Next 50 

Years with Current Technologies Science 305(5686):968-972 

[2] Smalley R 2004. Future global energy prosperity: the Terawatt Challenge Materials Research 

Society Fall Meeting, Boston, MA. 

[3] World Watch Institute 2005 Vital signs 2005 In: Mastny L (ed.) The Trends That Are Shaping 

Our Future, W.W. Norton & Company New York. 

[4] Eurostat 2013 Final energy consumption by sector Eurostat, European Union 

http://epp.eurostat.ec.europa.eu/tgm/table.do?tab= 

table&init=1&plugin=1&language=en&pcode=tsdpc320, accessed Oct 21, 2013. 

[5] EIA 2012 Manufacturing Energy Consumption Survey U.S. Energy Information 

Administration. 

[6] EIA 2012 The Annual Energy Outlook 2012 – with projections to 2035 U.S. Energy 

Information Administration, U.S. Department of Energy, Washington, DC 20585 (Retrieved 

from https://www.eia.gov/outlooks/aeo/pdf/0383(2012).pdf) 



LIGHT-SYMP-2022
IOP Conf. Series: Earth and Environmental Science 1099 (2022) 012020

IOP Publishing
doi:10.1088/1755-1315/1099/1/012020

7

 
 
 
 
 
 

[7] ORNL 2012. ORNL/TM-2012/504. U.S. Manufacturing energy use and greenhouse gas 

emissions analysis. https://www.energy.gov/sites/prod/files/2013/11/f4/ 

energy_use_and_loss_and_emissions.pdf, (accessed 10 October 2017) 

[8] Tsangrassoulis A, Doulos L, Santamouris M, Fontoynont M, Maamari F, Wilson M, Jacobs A, 

Solomon J, Zimmerman A and Pohl W 2005 On the energy efficiency of a prototype hybrid 

daylighting system Sol. Energy 2005, 79, 56–64 

[9] Doulos L, Tsangrassoulis A, Kontaxis P, Kontadakis A and Topalis F 2017 Harvesting daylight 

with LED or T5 fluirescent lamps? The role of dimming. Energy Build. 2017, 140, 336–347 

[10] Doulos L, Tsangrassoulis A and Topalis F 2008 The role of spectral response of photosensors in 

daylight responsive systems. Energy Build. 2008, 40, 588–599 

[11] Doulos L, Tsangrassoulis A and Topalis, F 2008 Quantifying energy savings in daylight 

responsive systems: The role of dimming electronic ballasts. Energy Build. 2008, 40, 36–50 

[12] Kontadakis A, Tsangrassoulis A, Doulos L and Topalis F 2017 An active sunlight redirection 

system for daylight enhancement beyond the perimeter zone. Build. Environ. 2017, 113, 

267–279 

[13] Kontadakis A, Tsangrassoulis A, Doulos L and Zerefos S A 2018 A Review of Light Shelf 

Designs for Daylit Environments. Sustainability 2018, 10, 71 

[14] Mushtaha E, Kana’an B A, Al-Jawazneh R A and Hammad R S 2016 Effect of using different 

light pipe parameters on the daylight quality in buildings: The case of Jordan. Int. J. Green 

Energy 2016, 13, 1590–1598 

[15] Marhani MA, Jaapar A, Bari NA, Zawawi M 2013 Sustainability through lean construction 

approach: A literature review. Procedia-Social and Behavioral Sciences. 2013 Nov 8;101:90-

9. 

[16] Garza-Reyes J A 2015 Lean and green–a systematic review of the state-of-the-art literature. 

Journal of Cleaner Production. 2015 Sep 1;102:18-29. 
[17] Pinheiro M D 2003 Construção Sustentável – Mito ou realidade VII Congress National of 

Environment Engineering, Lisbon 

[18] Grohmann M Z 1998 Redução do Desperdício na Construção Civil: Levantamento das Medidas 

Utilizadas pelas Empresas de Santa Maria VI Congress Internacional of Industrial 

Engineering. Univ. Federal FluminenseUFF, Brazil. 

[19] Pinto T P 1995 De volta à questão do desperdício Construction, Vol. 271, pp. 34-35. 

[20] MBI 2011 Using off-site construction to eliminate waste in design phase Modular Building 

Institute MBI and BD+C Modular Advantage, source: 

http://www.modular.org/htmlPage.aspx?name=Eliminate_Waste, (10 October 2011). 

[21] Yu H, Al-Hussein M, Al-Jibouri S, Telyas A. Lean transformation in a modular building 

company: A case for implementation. Journal of management in engineering. 2013 Jan 

1;29(1):103-11. 

[22] Marshall R and Leaney P 1999 A system Engineering Approach to Product Modularity 

Proceedings of the Institution of Mechanical Engineers Part B. 

[23] Kawecki L R 2010 Environmental performance of modular fabrication: calculating the carbon 

footprint of energy used in the construction of a modular home (PhD thesis) USA: Arizona 

State University; 2010 

[24] NAHB 2006 Lean Construction. Report Marlboro, MD: National Association of Home 

Builders; 

[25] Smith R E 2011 Prefab Architecture: a Guide to Modular Design and Construction John Wiley 

& Sons, New Jersey 

[26]     Rogan A L, Lawson R M and Bates-Brkljac N 2000 Value and benefits assessment of modular 

construction Report. Berkshire, UK: Steel Construction Institute: 2000 

[27] Björnfot A and Stehn L 2004 Industrialization of Construction – A Lean Modular Approach 

Proceedings of the 12th Annual Conference of the International Group for Lean 

Construction, Elsinore, Denmark. 



LIGHT-SYMP-2022
IOP Conf. Series: Earth and Environmental Science 1099 (2022) 012020

IOP Publishing
doi:10.1088/1755-1315/1099/1/012020

8

 
 
 
 
 
 

[28] Nikmehr B, Hosseini M R, Rameezdeen R, Chileshe N, Ghoddousi P and Arashpour M 2017 

An integrated model for factors affecting construction and demolition waste management in 

Iran. Engineering, Construction and Architectural Management. 2017 Nov 20. 

[29] Boyd G, Zhang G 2013 Measuring improvement in energy efficiency of the US cement industry 

with the ENERGY STAR Energy Performance Indicator. Energy Efficiency. 2013 

Feb;6(1):105-16. 

[30] IESNA 2000 Illuminating Engineering Society of North America. The IESNA lighting 

handbook, 9th edition. New York: IESNA 

[31] ILO 2014 Physical Hazards, Indoor Workplace Lighting. International Labour Organization 

OSH Brief No. 3c. (Retrieved from http://www.ilo.org/wcmsp5/groups/public/---americas/---

ro-lima/---sro- port_of_spain/documents/presentation/wcms_250198.pdf). 

[32] Vandewalle G, Maquet P and Dijk D J 2009 Light as a modulator of cognitive brain function. 

Trends in cognitive sciences 2009 Oct 1;13(10):429-38.  
[33] IEA 2012 World Energy Outlook IEA Publications, 9 rue de la Fed eration, 75739  Paris Cedex 

15, November 2012. 

[34] McSmith A 2006 A bright idea: How changing light bulbs helps beat global warming (and cut 

bills). Retrieved from http://www.independent.co.uk/environment/a-bright-idea-how-

changing-light-bulbs- helps-beat-global-warming-and-cut-bills-406494.html, (accessed 05 

October 2017). 

[35] EERE 2011 Building Energy Data Book Office of Energy Efficiency & Renewable Energy. 

(Retrieved from https://openei.org/doe-opendata/dataset/buildings-energy-data-book) 

[36] Leslie R 2003 Capturing the daylight dividend in buildings: why and how? Building and 

Environment 38(2):381-385. 

[37] Ander G 2016 Daylighting. Retrieved from https://www.wbdg.org/resources/daylighting, 

(accessed 05 October 2017) 

[38] Levy B, Wegman D, Baron S and Sokas R 2011 Occupational Health—Recognizing and 

Preventing Work-Related Disease and Injury 6th Ed. Oxford University Press, England 

(Retrieved from 

http://sgh.org.sa/Portals/0/Articles/Occupational%20and%20Environmental%20Health%20- 

  %20Recognizing%20and%20Preventing%20Disease%20and%20Injury.pdf). 

[39] Bell J and Burt W 1996 BRE Designing buildings for daylight (BR288) Publisher BRE, 

ISBN:9781860810268 

[40] Meadows D 2011 Designing out waste. Environmental Design & Construction. 

http://www.edcmag.com/articles/87434-designing-out-waste#comments (accessed July 29, 

2011).  


