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The printer’s building and its associated operating costs are usually (after its payroll) the compa-
ny’s second highest expense and a major factor in determining its environmental impact. 
The energy consumed in buildings is about 25-40% of fi nal energy consumption, plus the related 
carbon footprint. Some printers have re-invented their working environment to improve their over-
all economic and environmental effi ciency — a ‘lean and green’ strategy. It must be recognised 
that the printing industry is part of an ecosystem in which climate change, pollution, 
extreme weather events and resource availability are issues that affect every part of the globe. 
For these reasons, *IDEP and *icmPrint have collaborated to publish this guide to ‘Lean & Green 
Sustainable Printing Plants’. It is a generic global approach to an international issue that is expe-
rienced in a specifi c activity and location. The guide seeks to give an overview and understanding 
of the main issues, and provide sources of information for those interested in the subject.

The guide conducted international case studies of printing companies that have made the tran-
sition to sustainable printing sites provide others with their experiences, motivation, benefi ts 
and key success factors, and what to avoid. The move to a more sustainable building can 
be driven by company re-structuring, changes to process, growth and competitive needs. 
Elements that improve overall effi ciency include:

•  Design and layout that infl uence energy use, materials transport and physical workfl ow.
•  Construction and operating systems that maintain desired process and working conditions 

— temperature, humidity, light, dust minimisation. 
•  Improved building effi ciency from site selection and orientation for solar and other natural 

effi ciencies.
•  Optimisation of related printing process inputs and outputs — cooling, heating, air, water.  
•  Conservation, maintaining biodiversity and management of the area concerned.

Sustainable bioclimatic buildings use healthier and more resource effi cient models of construc-
tion, renovation, operation, maintenance and deconstruction.. They often attract incentives for 
sustainable building government fi nance, grants, and taxes. Their business benefi ts include: 
lower operating costs and higher productivity, a healthier place to work, reduced risk and con-
sequent liability, more stable processing, higher return on investment, and future-proofed 
assets. The printer’s operating site is an important “fi rst impression” for customers and collabo-
rators and is a factor in infl uencing attitude and communication. 

*IDEP — Institut de développement et d’expertise du plurimedia
*icmPrint — The International Centre for Manufacture by Printing
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Executive Summary
The sustainability imperative
Climate change, resource availability, and pollution are growing global risks affecting all 
aspects of society and impacting on working conditions, health, productivity, and business 
performance. Improved climate control with more sustainable development is driven by interna-
tional initiatives to change patterns of production and consumption. Buildings have one of the 
greatest impacts on the environment and their performance needs to be improved. 

"Buildings are the largest energy consuming sector in the world, and account 
for over one third of total fi nal energy consumption and an equally important 
source of CO2-e emissions. Achieving signifi cant energy and emissions re-
duction in the buildings sector is a challenging but achievable policy goal.” 
Internatioal Energy Agency (IEA). 

US buildings account for 39% of total energy use, 68% of electricity consumption, 38% of green-
house gas (GHG) emissions and 12% of water consumption (source EPA). In France, buildings 
consume 43% of total energy — Agence de l’Environnement et de la Maîtrise de l’Énergie  
(ADEME 2009).
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Building operations and maintenance consume 5 times more energy than construction and materials. Source: US Energy 
Information Administration.

“If environmental strategies are integrated into the development process from the 
beginning of a building’s life cycle, then green buildings save energy, water, re-
sources, have lower long term operations and maintenance costs and consequent-
ly save money. Research shows a global pattern of green buildings being able to 
more easily attract tenants, to command higher rents and sale prices with better 
risk mitigation and quality control. They also offer improved worker productivity, 
occupant health and wellbeing, resulting in bottom line benefi ts for businesses. 
Several studies show that green buildings do not necessarily have to cost more, 
and that the challenge of delivering green buildings within the budget of a conven-
tional building is achievable.” 
‘The Business Case for Green Building: A Review of the Costs and Benefi ts for Developers, 
Investors and Occupants’, 2013 World Green Building Council.

Buildings account for almost half of US energy consumption.
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Certifi cation systems
The World Green Building Council (GBC) was established in 2002 to facilitate sustainable con-
struction and now has a network of over 100 participating countries. Their goal is to foster green 
buildings that substantially reduce the impact on the natural environment and provide internal 
conditions conducive to human health. 

Some of the national GBCs have developed certifi cation programmes to facilitate and promote 
green building implementation and international recognition such as BREEAM® in the UK, the US 
LEED, or French QFE™. However, the specifi c certifi cation used is less important than following 
a green building methodology because the latter provides a comprehensive system to design, 
construct and assess a sustainable building. While formal certifi cation is not mandatory, it may 
be a desirable option depending on an assessment of its value against its complexity and cost.  

Case studies
Nine international case studies were conducted for this guide to share the experience of 
companies that have made the transition to more sustainable printing plants, either in new or 
renovated buildings. They range from small to mid-size commercial and packaging printers 
in different meteorological zones in North America, Japan and Europe. All of these compa-
nies are successful in their respective markets, and continuously optimise their working and 
environment practices. They commonly identifi ed their eco-building projects as a major step 
in completing their business and environmental strategy, improving working conditions, and 
reinforcing competitive differentiation. Their additional costs for more sustainable construction 
are offset by reduced operating costs and improved lifetime performance. Most of them rated 
‘good’ to ‘excellent’ the improvements in the majority of the 14 improvement criteria assessed.

Operating needs 
The defi nition of needs is the domain of the printer and essential in producing building specifi -
cations, including size, layout, materials handling, process and other functional considerations. 
Defi ning needs will help determine whether the existing building can be renovated or extended, 
or if a new one is required. This brief is a key document for the architect and builder to defi ne 
the functional needs of the building for the printing company. 

Utilities effi ciency 
Systems for energy, light, water and air have a signifi cant impact on the cost, operating effi -
ciency and comfort of a building, including the interface with production equipment. According 
to the IEA over half of all electricity consumed today is used in buildings. An energy effi cient 
and low carbon strategy can lead to a 25% reduction in total energy use compared to business-
as-usual.

The cheapest kW/h of energy is the one not used, and improved effi ciency is also the most eco-
nomic way to reduce GHG emissions. This can be best achieved by using a bioclimatic building 
design combined with integrated ‘smart’ technologies. Smart technologies help reduce energy 
consumption and many have an ROI within 2-3 years. Smart buildings combine information, 
technology and human ingenuity to reduce the energy needed for any given level of operation. 
This is made possible by using affordable sensor, control, and communication technologies to 
provide data to improve device, process, facility, or organisation performance.

Space heating and cooling, along with water heating, currently use around 60% of overall 
energy consumption in buildings and represent the greatest opportunity to reduce a building’s 
energy consumption and CO2–e emissions while improving energy security. A systems approach 
to integrate heating and cooling needs within an improved building envelope is necessary to 
achieve higher energy effi ciencies and a low-carbon heating and cooling supply. Similarly, the 
better use of natural lighting and high effi ciency lamp technologies has the potential to reduce 
building energy consumption by 40% in 2050 compared to current levels (IEA 2013). Lighting in 
2014 is 11% of total electricity consumption in buildings.

‘Sustainability Studies in Print’, by Joe Deemer, 
examines fi ve US printers (offset, fl exographic and 
screen) who achieved PIA’s Sustainable Green Printer 
certifi cation. www.printing.org

 CARBON
INTENSITY

 ENERGY
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 Carbon Footprint 
& Energy Reduction

for  the  Graph ic  Industry  Va lue  Cha in

 C R O S S  I N D U S T R Y  S P E C I A L  R E P O R T

‘Carbon Footprint & Energy Reduction for the 
Graphic Industry Value Chain’ 2011, addresses these 
performance issues. 
Download from www.printcity.de/shop or 
www.icmprint.com
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Defi ne the needs of the site location
Climatic conditions and orientation can substantially affect what happens inside a building. The 
choice of site is therefore crucial and will have an impact both on energy and water use and the 
environmental quality inside the future building. Considering, along with the related fi nancial 
and investment strategy, the merits and possibilities of extending the current facilities or moving 
to a new site is a crucial decision.   

The greener building
A bioclimatic building is designed, constructed and operated to minimise the total environmen-
tal impact, including reduced energy and water consumption, with less waste. The building 
envelope determines the amount of energy needed to heat and cool a building and, therefore, 
needs to be optimised. A high-performance building envelope in a cold climate requires 70-
80% less energy to heat than the current average building in OECD countries, while savings for 
cooling in hot climates are estimated at 10-40% (IEA). 

Well-designed green buildings therefore save money, increase comfort and create healthier 
living and working environments, with improved indoor air quality, natural daylight, and thermal 
comfort. Successful green buildings result from considering the building and its environment 
as a whole and their development generally comprises many small decisions that collectively 
optimise its environmental and economic footprint.

Construction vs lifetime costs
Green buildings are not cost neutral and it is important to assess any additional construction 
costs against cost savings. Capital costs need to be analysed on a lifetime basis. For exam-
ple, building operations and maintenance consume fi ve times more energy than construction 
and materials (US Energy Information Administration). Therefore, design optimisation is essen-
tial to minimise heating, cooling, ventilation, lighting and other running costs. ‘Green Building 
Illustrated’ identifi es three groups of actions that affect construction and operation costs:
1:   Improvements tending to reduce construction costs: e.g. reduced fl oor and surface area, 

fewer light fi xtures, smaller HVAC, raw structure fi nishes, exposed pipes and ducts, no roof 
spaces or pitched roofs, fewer door and windows. 

2:   Cost neutral improvements: e.g. prefabricated wall and roof panels, trees and vegetation for 
shading, no basement. 

3:   Improvements that increase construction costs: e.g. extra insulation and sealing, high 
effi ciency systems (HVAC, heat recovery, lighting), overhangs, rainwater collection, certifi -
cation of construction and measurement of performance goals.

It is the combination of these groups that delivers improved performance, but it is only the third 
group that adds costs that need to be assessed against future operational savings. It is essential 
to prioritise improvements in the context of capital costs vs lifetime operating costs, productivity 
and working conditions. 

‘The Business Case for Green Building: A Review of the Costs and Benefi ts for Developers, 
Investors and Occupants,’ reports a 0% to 12,5% increase in design and construction costs for 
green buildings compared to conventional code compliant buildings (this varies between coun-
tries). World Building Council 2013.

‘Transition to Sustainable Buildings — Strategies and 
Opportunities to 2050’ International Energy Agency. 
Download from: http://www.iea.org/publications/
freepublications/publication/transition-to-sustainable-
buildings.html

“The Business Case For Green Building” is a review 
of the costs and benefi ts for developers, investors and 
occupants. Download from www.worldgbc.org.
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Key Performance Indicators
These KPI metrics that can be used 
to monitor sustainable building 
performance include:
 Energy (kWh), 
 GHG emissions (CO2-e), 
 Water consumption, 
 Solid and liquid waste. 
These can be expressed for 
the building, or output (per printed 
tonne, volume or surface).

Investment assessment may include:  
      Net Life Cycle Costs To 

Investment Ratio (SIR) 
 and 
 Return on Investment (ROI). 

Glossary

ACH:  Air Changes per Hour 

ADEME:  Agence de l’Environnement et de la Maîtrise de l’Énergie, France

BREEAM®: Building Research Establishment Environmental Assessment Method

CO2-e:  Carbon Dioxide equivalent 

CoC:  Chain of Custody

CTP:  Computer-to-Plate

e2KPIs:  Economic and Environmental Key Performance Indicators

EPA:  Environmental Protection Agency

EU:  European Union

FIFO:  fi rst-in fi rst-out 

FSC:  Forest Stewardship Council

GBC:  Green Building Council

GHG:  greenhouse gas 

HQE™: La Haute Qualité Environnementale (High Quality Environmental standard)

HVAC:  Heating Ventillation Air Conditioning

IEA:  International Energy Agency

IPA:  Isopropyl alcohol

ISO:  International Standards Organisation

KPIs:  Key Performance Indicators 

kW:  kiloWatt (103 watts)

kWh:  kiloWatt-hour (103 watt-hours)

LEED: Leadership in Energy and Environmental Design

LPG:  Liquid Petroleum Gas

OECD:  Organisation of Economic Co-operation and Development 

PEFC:  Programme for the Endorsement of Forest Certifi cation

PIA:  Printing Industries of America 

PV:  (Solar) Photo Voltaic

RH:  Relative Humidity

ROI:  Return on Investment 

SGP:  Sustainable Green Printer

SIR:  Net Life Cycle Costs To Investment Ratio 

VOC:  Volatile Organic Compounds

WBC:  World Building Council

WIP:  Work in Progress

The 13 e2KPIs defi ned by the icmPrint. Six of them 
allow measurement of the building’s effi ciency. 
Source: icmPrint.

* Energy efficiency

* Carbon footprint

Paper efficiency    

* Surface occupation

* Stock turn

* Water

Developer    

Ink    

Washing solvent    

Dampening    

Cardboard packing    

PE film packing    

* Liquid waste

Baseline - 
companies average 

(*): Building efficiency  
eKPI  
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Sustainable Development
What is Sustainable Development?
Climate change, resource availability, waste disposal and pollution are all linked to sustainability.

“Sustainable Development is development that meets the needs of the present 
without compromising the ability of future generations to meet their own needs.”

Sustainable development is the balance of three interconnected dimensions defi ned in 1992 
by The Declaration of Rio on Environment and Development as environmental protection, 
economic growth, and social development.

Sustainable development calls for long-term changes in patterns of production and consump-
tion. These changes are being driven by international intergovernmental agreements that will 
have an impact on all businesses and individuals. 

1972, Stockholm: The fi rst United Nations meeting to discuss the environmental impact of 
industrialisation on the equilibrium of the planet led to the creation of the UN Environmental 
Programme (UNEP). 

1987, Brundtland Report: The former Prime Minister of Norway, Gro Harlem Brundtland, pro-
duced the UN report, “Our Common Future”, that also coined and defi ned the term Sustainable 
Development. The report identifi ed the interrelationship of the 3-Ps as the forces of sustain-
able development: People (social balance), Planet (environmental preservation), and Profi t 
(economic effi ciency).

1992, Rio de Janeiro Earth Summit: Brought together 164 countries and 100 Heads of State to 
discuss sustainable development and how to improve the planet’s environmental balance in the 
next century. Agenda 21 was the model for implementation by individual countries with local 
solutions to a global issue. 

1997, Kyoto protocol: Agreement to limit greenhouse gas emissions that are responsible for 
climate change. 

2002, World Green Building Council: Established to facilitate sustainable construction and 
which now leads a network of over 100 national Green Building Councils. 

In France, the 2005 Environmental Charter was annexed to the constitution and established new 
environmental responsibilities in line with Agenda 21 of the Rio Summit. The Grenelle Environ-
mental meetings led to laws in 2009 and 2010 to implement specifi c, targeted measures. 

Social 
development

Environmental 
protection

Economical
Growth

generation generation

CHAPTER

1
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Sustainable Certifi cation Systems
Green building certifi cation systems provide a systematic method to design, construct and as-
sess the performance of a sustainable building.

World Green Building Council  
The World Green Building Council is a network of national Green Building Councils in over 100 
countries. Founded in 2002, the Council’s mission is “to facilitate the global transformation of 
the building industry towards sustainability through market driven mechanisms.” The World 
GBC provides leadership to member countries and connects them into a network of knowledge, 
inspiration and practical support. The network is based on national councils recognised for 
their Green Building development strategies. Through these national councils all building stake-
holders have a representative and integrated presence. 

Sustainable Certifi cation
Some of the national GBCs have developed their own certifi cation programmes and accompa-
nying systems to facilitate and promote Green Building implementation and recognition. There 
are three types of certifi cation organisations — a charitable trust like BREEAM® in the UK, an 
industry alliance like the US LEED, or associations such as the French HQE™. 

With multinational companies wanting to use a single methodology with a shared defi nition, 
common objectives and measurable standards, and partly driven by the marketing of certifi ca-
tion agencies themselves, certifi cation is becoming internationally accepted as a symbol of 
objective quality.

Defi nition of Green Building 
Green Building can mean different things to different people – for this guide we defi ne it as:

A green building is an environmentally sustainable building, designed, constructed and 
operated to minimise the total environmental impacts including reduced energy and water 
consumption, with less waste.  Well designed green buildings will save money, increase 
comfort and create healthier environments for people to live and work, with improved 
indoor air quality, natural daylight, and thermal comfort. 

Successful green buildings view the building and its environment as a whole and take a 
collection of effective small steps to make the building both green and affordable. 

The global network of over 
100 national Green Building Councils.

“World Green Building Trends” is a Smart Market 
Report from McGraw-Hill Construction that describes 
business benefi ts driving new and retrofi t market 
opportunities in over 60 countries. 
Download from www.worldgbc.org.



8 LEAN & GREEN SUSTAINABLE PRINTING PLANTS - icmPRINT/IDEP

The two current international leaders are the result of early initiatives from the UK (BREEAM) 
and US (LEED).  Both actively promote their systems internationally and have become almost 
the global default methods of assessment. However, the challenges of international application 
include highly variable local conditions — climate, culture, environmental risks, materials, en-
ergy models, etc — that make a unique global assessment scheme diffi cult to achieve without 
the development of local versions. There are also a number of more recent national systems 
like DGNB in Germany, Greenstar in Australia, CASBEE in Japan, and HQE in France, some 
of which are also being used internationally. The differences between these schemes include 
their scope and attitudes, along with the process, complexity, type and cost of certifi cation. The 
Sustainable Building Alliance brings national organisations together to help harmonise metrics 
and methods used for green building evaluation internationally.

In many countries there is a mix of systems in use. For example, France had 1200 commer-
cial buildings certifi ed by early 2014. Of these 89% were HQE, 10% BREEAM and 1% LEED. For 
renovation projects only, the mix changed to 65% HQE, 31% BREEAM, and 4% LEED.

Almost every country has regulations and norms that will impact construction. These are too 
diverse to generalise and are the domain of the architect, engineer and contractor. Usually, GBC 
national certifi cations integrate with these requirements. 

Many certifi cation organisations have informative websites, giving access to a range of 
relevant publications, videos, case studies, checklists, calculators and services.

A certifi cated BREEAM assessment is 
delivered by a licensed organisation at 
various stages in a building’s life cycle. 
There is a design stage assessment to 
make a provisional rating, then a post-
construction assessment leads to the 
fi nal rating — the highest is Outstand-
ing, followed by Excellent, Very Good, 
Good, and Pass. BREEAM also provides 
evaluation tools for methods and build-
ing materials, and reference to local 
regulations, codes and standards. 

Health, Wellbeing & 
Productivity in Offices
The next chapter for green building

Sponsors

“Health, Wellbeing & Productivity in Offi ces” 
published by the World Green Building Council is 
described as the next chapter for green building. 
Download from www.worldgbc.org.

BREEAM® — Building Research Establishment 
Environmental Assessment Method
This evaluation method was launched in the UK in 1990. It provides certifi cation for different sec-
tors and is used in over 50 countries, accompanied by an international network of independent 
auditors. There are versions for the UK, European and other countries. BREEAM originated from 
the Building Research Establishment (BRE), a charitable trust research centre that includes in 
its objectives the evaluation of a building’s environmental behaviour using a calculation method. 
BRE has established a network of independent auditors trained to evaluate and/or accompany 
the analysis of a building from its concept to completion. The UK GBC provides the platform 
of review and distribution while orienting participants from the industry towards independent 
auditors. BREEAM has proved to be open and adaptable to conditions and regulations in differ-
ent countries and is a universal certifi cation that encompasses nine environmental criteria and 
their evaluation against the following:
1. Management policy, commissioning and site management
2. Health and wellbeing, internally and externally
3. Operational energy and  CO2 issues
4. Transport related  CO2and location related factors
5. Water consumption and water effi ciency
6. Building materials environmental implications 
7. Waste 
8. Environment and ecological value conservation and enhancement of the site 
9. Pollution of air and water.

www.breeam.org
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LEED — Leadership in Energy and Environmental Design
LEED is an open green building rating system developed in the US since 1998. It is operated and 
promoted by the US GBC coalition that spans the entire building industry (architects, engineers, 
suppliers and government agencies). Its objective is to evaluate the building’s energy effi ciency, 
environmental performance and sustainability. 

The certifi cation tool is used for buildings in over 40 countries — including Brazil, Canada and 
China — and has been modifi ed to suit particular locations and climates. However, LEED re-
mains US centric and does not currently include the use of metric measurements, uses only US 
energy and thermal measurements (ASHRAE) and relevant documents must be translated into 
English. A project to create Europe-specifi c Alternative Compliance Paths was begun in 2014.
The system has proved to be fl exible and articulates distinct parameters. LEED offers a points 
system that corresponds with defi ned, required qualities that characterise the sustainability of 
the building. The number of points achieved will then indicate the level of certifi cation obtained. 
There are six categories that identify obligatory regulation conditions along with a number of 
environmental performance aspects that, once combined, defi ne the fi nal points score for the 
building: 
1. Sustainable site — 14 points
2. Effi cient water management — 5 points
3. Energy and atmosphere — 17 points
4. Materials and resources — 13 points
5. Internal environment quality — 15 points
6. Design and innovation — 5 points.

LEED certifi cation is a recognisable and 
widely acceptable construction label. 
It is awarded at four levels — Certifi ed, 
Silver, Gold and Platinum.  An accred-
ited LEED professional will normally 
assemble the relevant documentation 
for submission to the USGBC, which 
makes the assessment and issues the 
certifi cate.

HQE™ La Haute Qualité Environnementale 
(High Quality Environmental standard) 
HQE™ is the French high quality environmental certifi cation for the construction and use of 
buildings and zones. It is neither a label nor a norm. Its goal is to manage new or renovation 
projects in order to limit their impact on the environment and ensure that their internal condi-
tions are healthy and comfortable. HQE™ promotes best practices, sustainable quality in build-
ing projects and offers expert guidance throughout the lifetime of the project based on three 
integrated components: 
•  An environmental management system that defi nes objectives and procedures for the 

operation and its different participants (SME — Système de Management Environnemental)
•  14 targets (four families: Eco-Construction, Eco-Management, Comfort, Health) that defi ne 

qualitative or quantitative indicators (DEQE — Défi nition Explicite de la Qualité Environ-
nementale).

•  Voluntary certifi cation by qualifi ed organisations, which also incorporates applicable 
French building standards. 

HQE is co-ordinated by the Paris-based 
Association pour la Haute Qualité 
Environnementale (ASSOHQE) that is 
recognised by the government as a 
body in the public interest. There are 
several certifi cation organisations in 
France, and Cerway provides interna-
tional certifi cation. 

OBSERVATION
The specifi c certifi cation used is less important than following a green building methodol-
ogy because the latter provides a comprehensive system to design, construct and assess a 
sustainable building. Formal certifi cation is not mandatory but is usually a desirable option 
depending on assessing its value against its complexity and cost.  

www.usgbc.org

www.assohqe.org
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Case Studies

Why build or renovate?
The primary driver was the constraint of space and/or location of their previous sites that ham-
pered effi cient development for different reasons, combined with other important secondary 
drivers: 

1.  More room: Most printers needed to increase space for short- to mid-term, and several over 
long term, due to company growth and/or evolution. For example, the change by Cartoffset 
and Shimizu from commercial printing to packaging required much more materials handling 
and machinery space. 

2.  Consolidation of multiple activities into a single site: This was important to Azaprim, PDI 
and IROPA, each moving from multiple locations to improve both their operations and facili-
tate a common culture/identity. IROPA and PDI also reduced their surface area below the 
combined total of their previous sites.

3.  Limitations of previous site location: A primary driver for Shimizu in Japan and IROPA in 
France, each affected by poor access for freight and commuting.  

4.  Better organisation of space and workfl ow: To overcome physical limitations like multiple 
levels and shape. 

5.  Company re-focus: New building projects complemented and facilitated a complete re-think 
of strategy, organisation and integration. 

6.  Re-equip: Companies moving to new sites often change production equipment due to the 
high cost of moving old machines; this also enables continuing production during construc-
tion. Higher output new equipment may reduce machines — AZAPRIM went from three 
presses to two, while increasing output by 30%. New low process plate systems can signifi -
cantly reduce environmental impact.  

7.  Improved process conditions for higher productivity: All printers cited improved process 
conditions — temperature, humidity, light. This was a major driver for Shimizu using water-
less UV to print on packaging substrates diffi cult to process.

8.  Improve working conditions: Increased staff motivation and productivity. Azaprim’s goal 
was to create a “place of life” rather than a simple workplace, to promote cohesion be-
tween different workers. Their new building refl ects the economic, environmental and 
social aspects seen as fundamental to long-term investment and fl exibility.

9.  Eco-friendly construction: A key initiative that corresponds with environmentally effi cient 
manufacturing, reduction of overall energy consumption and costs.

10.  Commercial strategy: Eco-construction is the logical continuation of commercial strategy. 
Most printers use their new facilities to differentiate themselves from competitors, to help 
them diversify markets, and to promote their business with customers, staff, suppliers and 
other stakeholders. 

Motivation for an ecological construction? 
An eco-construction project was seen as the completion of existing economic-environmental 
strategies of most companies (chain of control for FSC and PEFC, Imprim’Vert, SGP, ISO9001, 
PSO ISO12647, ISO14001, carbon footprint.) Pure Impression sees theirs as the culmination of 
its environmental, social and growth strategy. Azaprim’s was to meet environmental, economic 
and social criteria with an eco-construction that was appropriate from functional and long-term 
heritage points of view. Cartoffset wanted to optimise long-term building operating costs, and a 
sustainable construction matches its culture and strategy of differentiation. 

KEY FINDING

The companies range from small to mid-
size commercial and packaging printers 
in North America, Japan and Europe 
with different meteorological zones, us-
ing a range of print processes. 

All of these companies are successful 
in their respective markets, and con-
tinuously optimise their working and 
environment practices. They commonly 
identifi ed their eco-building projects as 
a major step in completing their busi-
ness and environmental strategy, im-
proving working conditions, and rein-
forcing competitive differentiation. 

The full versions of case studies can be 
viewed on the websites 
www.com-idep.fr and 
www.icmprint.com

Nine international case studies were conducted to help share the experience 
of companies that have made the transition to more sustainable printing plants. 
This summary identifi es areas of interest across the case studies that are 
individually described later in this chapter.

CHAPTER

2
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 Location Climate Staff Market Process Project Building  Site

Posty Cards USA Continental  50 Commercial  Sheetfed Renovate 4180 m2  12 378 m2

Lokay Germany Continental  27 Commercial  Sheetfed Renovate 1800 m2 3000 m2

Cartoffset France Temperate 46 Packaging  Sheet’ UV New  3700 m2 22 000 m2

Shimizu Japan Temperate 35 Packaging Sheet’ UV New  3763 m2  10 910 m2

IROPA France Temperate 93 Commercial  Sheet’ UV New  7500 m2 27 000 m2

Pure Impression France Mediterranean 48 Commercial  Sheetfed New 5000 m2 30 000 m2

PDI Canada Continental  180 Commercial  Sheetfed Renovate 9000 m2 22 000 m2

Azaprim France Temperate 22 Commercial  Sheetfed New  1700 m2 3000 m2

Jungfer Germany Continental  300 Commercial  Heatset  Renovate 25 000 m2 45 000 m2

Lokay live total sustainability as a team in production 
and when commuting. They were the fi rst German 
company to lease a bicycle fl eet for their employees. 
Source: icmPrint.

The opening of rennovated Posty Cards facility 
was a cause of celebration for owners and staff. 
Source Posty Cards. 

Key success factors?
Vision: Outline a clear vision of the project and costs — do not be intimidated by perceived 
fi nancial limits.

Long term: Success requires a long-term view that accounts for total cost of operation and not 
simply purchase cost. A project needs a long-term vision of technical and fi nancial conditions 
that completely integrates the environmental dimension and optimal working conditions.

Correct preparation: A primary condition of success is a holistic vision of the future functioning 
of the building. Optimisation of the environmental performance of production will also improve 
total productivity. Provide clear and understandable specifi cations of requirements to non-
printers in the project. 

Team: Select the right project team members to ensure real synergies between the printer, 
architect, engineer, consultant, builder and suppliers to identify and implement effective solu-
tions. The management needs to precisely communicate its intentions to all collaborators and 
external partners.

Use a tool: A green building methodology provides a system to design, construct and assess 
a sustainable building. Posty Cards used the LEED certifi cation process to set its goals and 
re-evaluate its design, while IROPA and Azaprim used HQE, and Pure Impression used its 
ISO140001 methodology. 

Monitor: Include a measurement and verifi cation system to give data feedback on all the sys-
tems in the facility after completion to ensure both that the building continuously delivers on its 
promises and identify opportunities for improvement. 
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Direct and indirect impact on production
The additional costs of a sustainable construction are offset by reduced operating costs and 
improved performance over its lifetime. Most of the case study companies rated ‘good’ to ‘ex-
cellent’ the improvements in most of the 14 criteria assessed (above). 

Improved workfl ow and conditions have a positive impact on productivity with reported gains 
of around 15% from better organisation of production areas, removal of space constraints, and 
better working conditions. Separating activities (like offi ces, prepress and production) creates 
better working conditions, while a common open space between production management and 
prepress can improve communication and working effi ciency.

More and better structured space in a new building helps optimise workfl ow, while better work-
ing conditions (temperature, humidity, lighting, noise) improve the productivity of people and 
processes. Ergonomic working conditions have been improved by installing lifting tables and 
automated materials handling systems.

Most companies use their new buildings to improve their general image and use this as differ-
entiator with current and prospective customers.

 

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

Poor Moderate Good  Excellent 

Overall sustainable environmental profile

Lower lifetime operating costs of building

Flexible & future-proofed assets

Image to customers

Healthier & stimulating place to work

Reduced noise disturbance

Reduced contamination, liability and risk

Improved waste management

Reduced water consumption

Better and lower cost lighting day/night

Reduced energy consumption & costs of building

Improved productivity

More stable production & storage  conditions

Better temperature, humidity & dust conditions

Sustainable construction cost 
The extra cost for a sustainable construction compared with a conventional building varies 
by country and building concept. In North America 0% for PDI while Posty Cards estimates a 
premium of only 5-6% for it to qualify for LEED Platinum. In Europe, extra costs ranged from 7% 
at Pure Impression to 15% at Azaprim and Cartoffset, with Iropa at 20%. Shimizu in Japan and 
Lokay in Germany report around 30%, but both have quite complex specifi cations.

(‘The Business Case for Green Building’ by World Building Council 2013 reports a 0% to 12,5% 
increase in costs for green buildings compared to conventional buildings. This varies from 
country to country. Differences also related to process equipment costs of some case study 
projects.)
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Principal sustainable characteristics of project
Eco-construction projects commonly combine better building design that incorporates effi cient 
utilities technologies, and often integrates with print production equipment (e.g. heat recovery). 
 
Water: Collection and storage of rainwater to fl ush toilets and irrigate plants. Reverse osmosis 
of incoming fresh water to maintain desired hardness and pH value for print process. Filtra-
tion system of dampening water to reduced drainage-cleaning frequency and related waste. 
Closed-circuit plate developer rinsing instead of open systems. Low-chemical process plate 
systems eliminate developper rinsing water and its waste disposal.

Energy: Effi cient wall and roof insulation to signifi cantly reduce heating and cooling energy. 
White roofs to refl ect sunlight. High effi ciency heating and cooling systems and energy recov-
ery. Air-conditioning is replaced by other cooling technologies in temperate zones (except for 
IT, prepress and digital print rooms). Solar generation of electricity and hot water. Centralised 
compressed air system. Energy consumption monitoring system. 

Lighting: Windows in production areas improve lighting and provide views that have been found 
to reduce staff fatigue and eye strain. New energy effi cient lighting technologies can reduce 
energy costs by 50%, allow adjustment of lighting intensity to match changing natural light, and 
operate presence detectors in infrequently used areas. 
Three companies (Cartoffset, Shimizu and PDI) have no natural lighting in their press halls. Two 
of them print with UV inks and did not want process interference from natural light — an alter-
native is glass with anti-UV fi lters. Other reasons were to minimise temperature variations and 
provide consistent lighting — the alternative is automatic sensors to adjust internal lighting to 
variable daylight. 

Air quality: Improved ventilation and extraction has a positive impact on emissions, smell and 
dust.  Spray powder at the delivery of conventional offset presses is a major source of pollution 
for some. Chemical emissions are reduced at the source by rigorous selection of low emission 
products.

Noise: Minimised by insulation that absorbs noise as well as controlling temperature. Ceiling 
buffers and absorbers (particularly for folders). Centralised air compressor outside factory hall 
with sound suppression. PIAB vacuum pumps on folding and stitching lines.

New technology fl uorescent tubes and electronic 
ballast reduce dazzle and eye strain, provide a 
consistent light quality for everyone, and consume 
50% less energy. Source PDI.

A roof top adiabatic system reduces internal air 
temperatures by 7-9°C in summer distributed by 
textile ducting “socks". Source: Cartoffset. 
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What would you do differently?
•  Reconsider production areas’ organisation, for example larger intermediate storage zones 

or preference to place the operator side of the presses towards the offi ce for better com-
munication (instead of to the electric cabinets). 

•  Be more attentive to electricity and communication connection delays, particularly for new-
ly developed industrial zones.

•  Make precise calculations to defi ne the fi nancial interest of immediately over-dimensioning 
elements (like installed electrical power, or foundations) against future modifi cation.

• Do not under-estimate problems of dust and noise. 

•  Pay more attention to the needs of collaborators. For example, one company found the 
showers are under-used because most staff now live close to the new site, whereas the 
changing rooms are too small.

•  Instead of using a single general contractor to manage the project, some would prefer to 
take management control of the project with the support of a good architect, and engineer-
ing and quality control consultancies.

•  Better calculate the number of parking places to allow for shift changeover when staff from 
both shifts are present. 

Cartoffset considers its new site an excellent showplace for their customers and a source of staff 
motivation. The exterior aspect of the building is particularly impressive. Photo icmPrint.

Landscape/Biodiversity: Landscaping is a highly visual environmental statement and action. 
Bringing the landscape indoors through windows and doors is a frequent objective. Green 
spaces and parking are combined with drainage and retention basins to handle excessive 
stormwater. Sites with a signifi cant non-built land area are planted with trees, vines and shrubs 
and host beehives. 

Posty Cards facility before and after renovation. 
Source: Posty Cards.
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Posty Cards 
Kansas City, USA

CASE 

STUDY

Improvements from project  Poor  Moderate  Good Excellent
Better temperature, humidity & dust conditions    •
More stable production & storage conditions   • 

Improved productivity     •
Reduced energy consumption & costs of building    •
Better and lower cost lighting day/night    •
Reduced water consumption     •
Improved waste management    •
Reduced contamination, liability and risk   • 

Reduced noise disturbance    •
Healthier & stimulating place to work     •
Image to customers    •
Flexible & future-proofed assets   • 

Lower lifetime operating costs of building   • 

Overall sustainable environmental profi le    •

 Full case study on 
www.com-idep.fr
www.icmprint.com

“The benefi ts of a LEED certifi ed building go far beyond cost savings because 
they also improve the quality of the work environment for greater productivity 
and lower absenteeism.”  
Erick Jessee - President and CEO.

The company, created in 1948 by the current CEO’s grandfather, specialises in B-2-B greetings 
cards sold throughout North America. It has a long established strategy to minimise its environ-
mental impact — all of its products are recyclable, printed with soy ink, mostly on FSC certifi ed 
or recycled paper, manufactured with 100% renewable energy and packaged using recycled, 
recyclable and/or biodegradable materials. This strategy has led to the highest level of certifi ed 
sustainability for building design and operation - LEED Platinum.  

Posty Cards constructed a largely windowless manufacturing building on the present site in 
1987 and 1989. In 2011, they decided to renovate and double its size — their existing site’s land 
area was large enough, with good local infrastructure, and they could maintain continuity of 
production and staff access. 

 “Originally, the project was purely about getting more space. Then we realised the opportunity 
to increase our long-term sustainability with an iconic project to help set us apart from our 
competitors,” comments Erick Jessee. The resulting facility earned LEED Platinum certifi cation 
in 2012 — the highest level of environmental sustainability awarded to only a few companies, of 
which Posty Cards is by far the smallest. 

This project gave the opportunity to completely reorganise the whole company and its workfl ow 
around a central courtyard. The new facility also provides offi ces, a phone order centre, a de-
sign department, along with a fi tness centre and new washrooms. An events area was added 
for use by employees and for visitor groups. All of the existing spaces were upgraded to the 
same new standard. 

The effi cient design uses only 5% more energy in the doubled building size. Solar panels provide 
over 20% of electricity and all hot water, other electricity is Green-e certifi ed renewable energy. 
The building features high-effi ciency climate conditioning, natural lighting with active artifi cial 
lighting controls, rainwater collection, bio-retention and basins for managing storm water run-
off, and native plant landscaping. 

The central, planted courtyard provides natural light, 
views and a visual connection across the facility to 
enhance the work environment. The rainwater recovery 
tank is located here. Source: Posty Cards.

This aerial photo shows how Posty Cards doubled the 
size of their previous building. Source Posty Cards. 

www.postycards.com
Location: Kansas City, Missouri, USA
Climatic zone: Continental 
Natural risks: Stormwater fl ooding, drought. 
Installation: Industrial zone near urban area. 
Project: Renovation-Extension
Year of construction: 1987-88 and 2011
Site surface area 12 378 m2 
Building surface: 4180 m2 (was 2044 m2) 
Printing processes: 4 Sheetfed offset 
& 2 digital presses, embossing & foiling
Substrates processed/year: 200 metric tonnes
Print products: B-2-B greetings cards
Number of staff: 40-50, varies with season
Certifi cations: LEED Platinum, CoC FSC & SFI, 
Green-e-Energy, Sustainable Green Printing 
Partnership, G7 print quality control
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Lokay 
Germany  

The family company was founded in 1932 by the grandfather of the current owner Ralf Lokay. 
He introduced an environmental value added approach to move away from a price-focussed 
business. Lokay’s "sustainable by nature" strategy integrates the environment into all aspects 
of the company’s business that supplies eco-friendly high quality printing that costs no more 
than conventional products. While Lokay has an online eco-print shop (with over two million 
variations of print jobs  — paper, size, fi nish, colours), this has not undermined the continuing 
demand for its traditional print services.

The company operates climate-neutral logistics and production with alcohol-free printing, 
mineral oil-free organic inks, environmental papers, green electricity, EMAS environmental 
management system, and is the fi rst German company to lease a bicycle fl eet for its employees. 
The fi nal pillar was an environmentally effi cient building, as the original 1967 building badly 
needed renovation. It was decided to rebuild and extend the old house and steel frame factory 
on this site rather than move: this was more sustainable and gave continuity with their custom-
ers and staff.

The principal sustainable characteristics of the project include:

•  Renewal of insulation throughout the building strongly contributes to an overall reduction in 
energy use.

•  Heat recovery system installed on the printing presses to heat the manufacturing areas. 
A liquid-to-liquid heat exchanger takes waste process heat from the press rollers to warm 
up the cooler ambient air or, through a heat pump, to heat rooms. Unused calories can be 
stored as hot water for use later on.

• Installation of windows in production areas to provide staff external views.

•  Light zones created in all production areas with improved natural light, higher effi ciency 
artifi cial systems, with presence detectors in areas of low frequency use.

•  Rainwater collection is used for fl ushing toilets and irrigation of plants. The choice of 
process-less plates has signifi cantly reduced water use and effl uent evacuation. Reverse 
osmosis helps stabilise water for alcohol-free printing and decreases dampening solution 
replenishment.

KPI improvements include reduction of CO2-e by 55% and fresh water reduced by 43%.

“We live total sustainability as a team — when commuting, in production, 
in logistics. The fi nal pillar is an environmentally effi cient building.”  
Ralf Lokay & Thomas Fleckenstein

Improvements from project  Poor  Moderate  Good Excellent
Better temperature, humidity & dust conditions    •
More stable production & storage conditions    •
Improved productivity     •
Reduced energy consumption & costs of building    •
Better and lower cost lighting day/night    •
Reduced water consumption   • 

Improved waste management    •
Reduced contamination, liability and risk •   

Reduced noise disturbance    •
Healthier & stimulating place to work     •
Image to customers  •  

Flexible & future-proofed assets  •  

Lower lifetime operating costs of building   • 

Overall sustainable environmental profi le    •

The facade of the renovated offi ces in front of the 
extended factory. Source: icmPrint. 

Lokay decided to re-build and extend the house and 
steel frame factory on this site because this was more 
sustainable and gave continuity with their customers 
and staff. Source: Lokay

www.lokay24.de
Location: Reinheim, Hessen, Germany
Climatic zone: Continental
Natural risks: Next to a water protection area 
Installation: Industrial zone
Project: Renovation-Extension
Budget: 1,5 M€ 
Year of construction: 1967 + 2014
Site surface area: 3000 m2

Building surface: 1800 m2

Printing processes: 2 Sheetfed offset presses, 
die-cutter 
Substrates processed/year: 1127 tonnes
Print products: Books, labels, commercial 
Number of staff: 27
Certifi cations: EMAS, FSC (Chain of Custody), 
Ecoprofi t, Environmental Alliance Hessen, 
Initiative Pro Recycling Paper, klimaneutral. 
ISO 12647-2

 Full case study on 
www.com-idep.fr
www.icmprint.com

CASE 

STUDY
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Cartoffset 
France

Cartoffset is located in the west of France close to the city of Nantes. It was created in 1974 and 
has evolved from publishing and communication printing to the production, conversion and per-
sonalisation of compact cartons. The company’s customers are mostly also located in the west 
of France and include agricultural, food, pharmaceutical and other industrial manufacturers. 
Cartoffset is a specialist in UV sheetfed printing with two presses, complemented by fi nishing 
that includes die-cutting, lamination, hot folding and folder-glueing. 

The origin of the project was the need for more space arising from the company’s evolution 
and growth. The switch from communication printing on paper to carton board packaging sub-
stantially increased the surface area required for production and storage. While the delivery 
timeframe for supplying paper is short, for carton it is usually three weeks from time of order to 
delivery, requiring more stock to be held. As a result, the company has more than doubled the 
area of its previous building (1500 m² to 3700 m²), and an extension project is under considera-
tion. No suitable existing building was available and this led to a rapid decision to construct a 
new factory. For heritage reasons, owning a new building was also preferred to renting one.

The management’s priority from the beginning of the project was to deliver a long-term vision 
of technical and fi nancial conditions. The environmental dimension has been integrated into 
numerous facets of the project. For example, using the thermal inertia of raw concrete for in-
ternal walls, installing an adiabatic thermodynamic acclimatisation system in the workshop, the 
effective insulation of the external walls and roof. The project was overseen by an architect and 
a company that co-ordinated the construction.

Cartoffset considers its new site an excellent showplace for their customers and a source of 
staff motivation. The exterior aspect of the building is particularly impressive. 

“The outcome of the project is that we have a new functional building 
with reduced operating costs and a lighter environmental footprint in 
a high quality aesthetic format.” 
 Fabrice Sorin - President. 

 Full case study on 
www.com-idep.fr
www.icmprint.com

www.cartoffset.com
Location: Nantes, France
Climatic zone: Temperate - Oceanic
Natural risks: None
Installation: Greenfi eld industrial zone
Project: New building 
Budget: 2,5 M€, includes cost of site
Year of construction: 2009
Site surface area: 22 000 m2

Building surface: 3700 m2 (1 level)
Printing processes: 2 UV Sheetfed offset
Substrates processed/year: 2500 tonnes
Print products: Packaging & Commercial
Number of staff: 45
Certifi cations: Imprim’Vert, CoC PEFC

The building’s black walls were chosen to project a 
modern design image while conserving its industrial 
character that, nevertheless, integrates perfectly with 
the surrounding agricultural zone. 
Source: Cartoffset.

CASE 

STUDY

Cartoffset’s new building features a white roof to 
reduce the heat island effect by refl ecting sunlight 
away from it. Source Geoportail.

Improvements from project  Poor  Moderate  Good Excellent
Better temperature, humidity & dust conditions   •
More stable production & storage conditions   • 

Improved productivity    •
Reduced energy consumption & costs of building   •
Better and lower cost lighting day/night  •
Reduced water consumption   •
Improved waste management   •
Reduced contamination, liability and risk   • 

Reduced noise disturbance   •
Healthier & stimulating place to work    •
Image to customers    •
Flexible & future-proofed assets    • 

Lower lifetime operating costs of building   • 

Overall sustainable environmental profi le    •
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Shimizu 
Japan  

Shimizu Printing is a world leader in waterless UV high defi nition printing to produce cosmetic 
and commodity packaging on paper and plastic substrates. A company priority is optimisation 
of the environmental impact for their entire production process.

The company decided to construct a larger new factory to implement the change of its business 
focus toward packaging, for which its previous city centre location was unsuitable. The new 
location is 80 km from Tokyo and a site of ancestral importance because it is near the company 
founder’s birthplace — the grandfather of the current CEO. In addition, most of the staff now 
live within a 10-minute drive from the new site, and no longer have to commute on overcrowded 
trains.

Eco-friendly construction was a key design factor to correspond to the company’s environmen-
tally effi cient manufacturing and to reduce overall energy consumption and costs.

The building features separate walled cells for each of the core printing and die-cutting ma-
chines to allow individual control of their environment, as paper and plastic substrates need 
different temperature and humidity conditions for optimum UV production and to prevent distor-
tion. Peripherals are located in separate modules to minimise heat and noise in the pressrooms. 
The individual production cells also permit different customers to be independently present at 
the same time for quality checks.

Seismic and cyclone risks also defi ne the design. The special structure has 170 foundation piles 
supporting the concrete fl oor of the entire building and the roof is covered by concrete and 
protected by lightning rods.

Electricity costs in Japan surged after the Fukushima accident closed down most nuclear pow-
er plants. Therefore “visualisation” of electricity use is a key to reduce electricity cost. Elec-
tricity monitoring devices measure rated outputs and load factors of all production facilities, 
including peripherals. The monitoring device sends an alert e-mail if electricity use overruns 
a target value that is usually set lower than that of the same day the previous year. Data on cur-
rent consumption can be accessed by managers on their PC, tablet or smartphone.

“Separate walled cells for each of the printing and die-cutting machines 
allows individual control of their environment to optimise production.”  
Dr. Hirokazu Shimizu - President

 Full case study on 
www.com-idep.fr
www.icmprint.com

www.shzpp.co.jp
Location: Gunma prefecture, Japan
Climatic zone: Temperate — high summer 
temperatures
Natural risks: Earthquake & typhoons
Installation: Industrial zone
Project: New building 
Budget: 5,5 M€ (2 M€ for site)
Year of construction: 2007
Site surface area: 10 910 m2

Building surface: 3763 m2 (2 levels)
Printing processes: 3 waterless UV sheetfed 
presses
Substrates processed/year: 1650 tonnes
Print products: Packaging
Number of staff: 35
Certifi cations: ISO14001, CoC FSC

The new factory combines the best properties 
for effi cient manufacturing, while also creating a 
showplace for sales activities to attract new clients. 
Source: Shimizu.

The ground fl oor has separate modules for each press. 
Offi ces, staff facilities and storage are on the fi rst fl oor 
(red). Source: Escal’Architecture.

CASE 

STUDY

Offi ces

Improvements from project  Poor  Moderate  Good Excellent
Better temperature, humidity & dust conditions    •
More stable production & storage conditions   •
Improved productivity     •
Reduced energy consumption & costs of building    •
Better and lower cost lighting day/night   •
Reduced water consumption    • 

Improved waste management   •
Reduced contamination, liability and risk    •
Reduced noise disturbance    •
Healthier & stimulating place to work     •
Image to customers    •
Flexible & future-proofed assets    •
Lower lifetime operating costs of building   • 

Overall sustainable environmental profi le    •
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IROPA  
France 

The origins of IROPA date back to 1890. Now located close to Rouen, the company produces 
offset and digital printing for pharmaceutical notices and communication printing, along with 
digital archiving services. IROPA is a part of the FIROPA group that brings together 20 compa-
nies with about 700 staff. The company has a dynamic investment policy for its prepress, print-
ing and fi nishing services to continuously improve its product quality and productivity. This is 
complemented through a range of initiatives for colour quality, sustainable development, green 
printing, and lowering carbon footprint.

The motivation to construct a new site was the consolidation of three separate entities to 
achieve economies of scale. The previous urban area locations had signifi cant limitations 
on transport access, plus the workshops had multiple levels that limited layout effi ciency — 
the new building has a smaller surface area than the previous buildings.

The new printing plant was built in 2010 and conforms to the HQE (Haute Qualité Environne-
mentale) AFNOR classifi cation. This covers the internal environment, user needs, health and 
safety, and the environmental objectives of economy of resources and reduction of waste 
during the complete life cycle. The site is integrated into a wooded area of a new industrial 
zone, where the company both restricted clearing operations and conserved natural zones 
with high quality trees.

The choice of a sustainable construction matches IROPA’s culture and strategy of differentia-
tion. Some of the building’s strong points are its integration with the landscape, reduction of en-
ergy and water consumption, management of rainwater, and the comfort of the working zones.
The optimisation of working conditions (temperature, natural lighting, reduced noise) improves 
productivity, and printing colour control is more effi cient. In addition, the new location has re-
duced commuting time for 70% of the staff.

Energy reduction came from purchasing new offset presses and heat exchange pumps that 
consume less energy. The offset pressroom is completely heated through recovery of calories 
generated by the electrical cabinets. Each press has its own electrical circuit, including lighting 
for added economy and fl exibility. Further energy reduction comes from a central compressed 
air system and PIAB pumps on folders. Energy consumption is monitored monthly.

“The choice for sustainable construction comes from the motivation 
of the company’s management, who adopted a long-term vision from 
the beginning of the project.”  Etienne Rigaud - CEO

 Full case study on 
www.com-idep.fr
www.icmprint.com

Clearing of the existing wooded areas was kept to 
a minimum. Clearing operations were minimised to 
conserve natural zones with high quality trees. 
Source: Google.

The motivation to construct a new site was the 
consolidation of three previously separate entities to 
achieve economies of scale. 
Source: Escal’Architecture.

www.iropa.fr
Location: Rouen, France
Climatic zone: Temperate
Natural risks: None
Installation: Greenfi eld industrial zone
Project: New building 
Budget: 7 M€ (site 0,6 M€)
Year of construction: 2010
Site surface area: 27 000 m2

Building surface: 7500 m2 (1 level)
Printing processes: 7 sheetfed, 2 narrow-web, 
6 digital presses
Substrates processed/year: 2200 tonnes
Print products: Pharmaceutical & commercal
Number of staff: 93
Certifi cations: Imprim’Vert, CoC PEFC et CoC 
FSC, NF Bâtiment (HQE®)

CASE 

STUDY

Improvements from project  Poor  Moderate  Good Excellent
Better temperature, humidity & dust conditions    •
More stable production & storage conditions   • 

Improved productivity    •
Reduced energy consumption & costs of building   •
Better and lower cost lighting day/night    •
Reduced water consumption    •
Improved waste management   •
Reduced contamination, liability and risk   • 

Reduced noise disturbance    •
Healthier & stimulating place to work    •
Image to customers    •
Flexible & future-proofed assets    • 

Lower lifetime operating costs of building   • 

Overall sustainable environmental profi le   •
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Pure Impression 
France

CASE 

STUDY

The family managed company is located close to Montpellier in the south of France. Created 
in 1979, the offset and digital printer is specialised in professional publishing, advertising and 
corporate communication.

Pure Impression was an early adopter of environmental protection and its fi rst offi cial environ-
mental recognition was in 2003. Since then they have obtained the Imprim’Vert label, chain of 
control for FSC and PEFC, ISO14001 certifi cation and they measure their carbon footprint with 
Bilan Carbone©. The change of the company’s name to Pure Impression in 2007 was a defi nitive 
engagement in the protection of the environment. This approach was reinforced by parallel 
quality actions — certifi ed ISO9001 quality management in 1997, and ISO12647-2 colour stand-
ard in 2012. Currently they are making a signifi cant investment in Corporate Social Responsibil-
ity using the norm ISO26000.

The eco-construction project for their new building was made in 2009 and represents the cul-
mination of the environmental, social and growth strategy of Pure Impression. People and the 
environment were placed at the centre of the project. 

The origin of the construction project was the need for larger premises. Their nearby previ-
ous building had a surface area of only 3000 m2 compared to the new building’s 5000 m2, an 
expansion project will add another 5000 m2 in 2015. It was also motivated by wanting to improve 
working conditions in the production areas by reducing ambient noise level and better lighting.

Strong points of the project are the integration of landscaping and biodiversity protection, the 
reduction in energy use (including installation of photovoltaic panels on the roof), and improved 
working comfort — air conditioning is far more important than heating in the Mediterranean 
zone.  Multiple windows and skylights provide natural light throughout the production zones and 
artifi cial lighting using fl ourescent tubes with electronic ballast have contributed to reducing 
artifi cial lighting energy consumption.

Productivity gains of around 15% have been obtained from improved working conditions, better 
organisation of the production areas, and removal of space constraints. The replacement of ma-
chines (at the time of moving) led to a further productivity improvement of about 30%. Between 
2009 and 2013 the company’s turnover has increased by 34%.

A large portion of Pure Impression site is covered with 
local plants adapted to the Mediterranean climate 
including grape vines, lavender, laurel and olive trees. 
Source: Pure Impression.

Bringing together the previously separate press and 
fi nishing areas has facilitated communication and 
improved production. Source: Pure Impression.

www.pure-impression.fr 
Location: Montpellier, South-West France
Climatic zone: Mediterranean
Natural risks: Stormwater fl ooding 
Installation: Greenfi eld industrial zone
Project: New building 
Budget: 3,7 M€ (1,2 M€ for site)
Year of construction: 2008
Site surface area: 30 000 m2

Building surface: 5 000 m2  (1 level)
Printing processes: 2 Sheetfed offset, 
2 Digital presses
Substrates processed/year: 3000 tonnes
Print products: Publishing and commercial
Number of staff: 57
Certifi cations: ISO14001, Imprim Vert, CoC PEFC 
& FSC, ISO1264 to PSO, ISO9001, Imprim’Luxe, 
Bilan Carbone 

 Full case study on 
www.com-idep.fr
www.icmprint.com

“Our primary driver for this eco-construction project was to culminate 
the environmental commitment that we began many years ago.” 
Marise Dematté - Managing Director

Improvements from project  Poor  Moderate  Good Excellent
Better temperature, humidity & dust conditions    •
More stable production & storage conditions    •
Improved productivity     •
Reduced energy consumption & costs of building  •
Better and lower cost lighting day/night   •
Reduced water consumption   • 

Improved waste management    •
Reduced contamination, liability and risk    •
Reduced noise disturbance •
Healthier & stimulating place to work     •
Image to customers    •
Flexible & future-proofed assets    •
Lower lifetime operating costs of building  • 

Overall sustainable environmental profi le   •
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PDI  
Canada  

"The project has improved working conditions. The better organisation within the 
new building and equipment rationalisation has signifi cantly improved productiv-
ity, and given staff unity at the single site". Louise Kralka, VP Sales and Marketting

PDI (Phipps Dickson Integria) is a sheetfed offset and digital printer installed in the suburbs of 
Montreal. The company offers its clients a global management of their printed communications 
including logistics and delivery. The company was created from the 2007 merger of Phipps Dick-
son (founded 1970) and Integria (1922). PDI was created administratively in 2007 (and acquired 
Harling Marketing). However, multiple production sites did not facilitate a single culture for the 
180 staff and caused technical and organisation diffi culties. 

In 2009, the company decided to consolidate all its activities to a single site in Kirkland. PDI 
opted to lease a building in order to conserve investment for new production capacity and ex-
ternal growth projects. 

This move engendered both a common company identity and an increase in productivity. It was 
also the opportunity to reorganise the company and to better address environmental issues. 
PDI summarises them as “3 x 3” — reduce / reuse / recycle that applies at the three levels of 
raw materials, operating procedures, and installations. 
1.  Raw materials: Preference for FSC paper, reduced paper waste by reusing printed over 

sheets for makeready and recycling. Waste ink recycled to make coldset black ink. Lamina-
tion uses an agricultural sourced material PLA. The company recycles its cleaning solvents 
and cloths, plates, pallets, packaging cartons and plastics. 

2.  Procedures: G7 certifi ed for print quality management that has reduced paper waste by 40%.
3.  Installations: Approach has allowed signifi cant reduction of electricity and water con-

sumption. 

Actions to improve sustainable performance include: 

a.  Energy recovery from the presses to partly heat the workshop. 
b.  Smaller production than the sum of the previous sites (limited paper stock and equipment 

rationalisation). 
c.  Insulated interior modular curtain-wall separates the workshop into two parts to reduce 

heat loss, sound and dust circulation. The non-utilised mezzanine fl oor is closed by a lighter 
curtain-wall to avoid heat loss. 

d. Air humidifi cation using an ionisation/compression system.
e. New lighting fl uorescent tube technologies with electronic ballast to reduce energy by 50%. 

 Full case study on 
www.com-idep.fr
www.icmprint.com

A mobile insulated curtain-wall separates the 
workshop into two parts to reduce heat loss, sound 
and dust circulation. This allows high modularity 
of production space and easy movement of large 
equipment compared to fi xed walls. Source: PDI

PDI rented and renovated an existing building near 
Montreal. Source: PDI

www.groupepdi.com
Location: Montreal, Quebec, Canada
Climatic zone: Continental humid
Natural risks: Snow blizzards
Installation: Industrial zone
Project: Renovation of lease building
Year of construction: Renovated 2009
Site surface area: 22 000 m2

Building surface: 9 000 m2 (2 levels)
Printing processes: 3 sheetfed & 9 digital 
presses
Substrates processed/year: 2300 tonnes
Print products: Commercial & direct marketing.
Number of staff: 180
Certifi cations: CoC FSC, PSO G7/IDEAlliance
Awards: HOOPP Collaboration, Benny Awards, 
Canadian Printing Awards 

CASE 

STUDY

Improvements from project  Poor  Moderate  Good Excellent
Better temperature, humidity & dust conditions    •
More stable production & storage conditions    • 

Improved productivity    •
Reduced energy consumption & costs of building  •
Better and lower cost lighting day/night    •
Reduced water consumption    •
Improved waste management  •
Reduced contamination, liability and risk  • 

Reduced noise disturbance  •
Healthier & stimulating place to work    •
Image to customers    •
Flexible & future-proofed assets    • 

Lower lifetime operating costs of building   • 

Overall sustainable environmental profi le    •
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AZAPRIM 
France   

The company is located 20 km east of Paris. It provides a broad range of high quality commer-
cial and communication products with print management services, including a creative studio, 
offset and digital production, and delivery. 

Azaprim was created from combining several companies and the strategy to install them on 
the same site was to allow operational effi ciencies, encourage staff cohesion and provide a 
common identity. 

Unable to fi nd a suitable existing alternative, the company decided to construct a new building. 
The site selected was a new industrial zone being developed as a showcase for architectural 
and environmental quality; it also provides good freeway access. 

The CEO has been active in the printing industry for 28 years. He was an early adopter of en-
vironmental practices and the new building refl ects the economic, environmental and social 
aspects seen as fundamental to long-term investment and fl exibility. The new building meets 
12 of the 14 HQE criteria, but is not registered for this label.  

The project obliged a complete re-think of strategy, organisation and integration. The move also 
responded to competition and client requirements for a more coherent business that was better 
placed to meet existing and emerging demands. It provided the opportunity to change most pro-
duction equipment and allowed a reduction from three presses to two, while increasing output 
by 30% — this also permitted uninterrupted production during construction.

Rather than a two-stage project, the company decided to build the entire facility immediately 
and leased the additional space to a digital printer that is a strategic partner. A strong point of 
the project is its global approach that even considers its eventual deconstruction as well as 
its construction and operation. Energy performance was optimised using high performance 
insulation for the walls and roof. A rainwater recovery system was also installed. 

By improving the quality of its site, the company has improved its general image. There are 
on-going customer invitations and Azaprim also participate in broad industry events.

“We wanted to create a 'place of life' — rather than a simple workplace — 
that would promote cohesion between different workers coming together 
for the fi rst time from three sites.”  
William Pereira - President

 Full case study on 
www.com-idep.fr
www.icmprint.com

www.azaprim.fr 
Location: Paris, France
Climatic zone: Temperate
Natural risks: None
Installation: Greenfi eld industrial zone
Project: New building 
Budget: 1,4 M€ (site 0,2 M€)
Year of construction: 2009
Site surface area: 3000 m2

Building surface: 1700 m2

Printing processes: 2 Sheetfed offset
Substrates processed/year: 450 tonnes
Print products: Commercial 
Number of staff: 18
Certifi cations: Imprim’Vert, ISO 14001, CoC 
PEFC & FSC, Safety and Health in Workplace, 
Imprim’Luxe

The new building features a laminated timber structural 
frame (PEFC certifi ed) with a design that provides 
fl exibility for multiple purposes. 
Source: icmPrint.

Azaprim decided to build the entire facility immediately 
and leased the additional space to a strategic partner. 
Source: Escal’Architecture.

CASE 

STUDY

For
rentStorage

Improvements from project  Poor  Moderate  Good Excellent
Better temperature, humidity & dust conditions    •
More stable production & storage conditions    •
Improved productivity    •
Reduced energy consumption & costs of building  •
Better and lower cost lighting day/night    •
Reduced water consumption   • 

Improved waste management  •
Reduced contamination, liability and risk  •
Reduced noise disturbance  •
Healthier & stimulating place to work    •
Image to customers    •
Flexible & future-proofed assets    •
Lower lifetime operating costs of building   • 

Overall sustainable environmental profi le    •
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Jungfer Druckerei
Germany   

Jungfer Druckerei und Verlag GmbH is one of Europe's leading web offset printers and demon-
strates that there is no contradiction between economy and ecology, as this combination makes 
good business sense for them, their customers and the environment. 
Delivering high quality printed products and services for over 60 years, Jungfer has been 
continuously improving its operations by investing in experienced staff and technical facili-
ties such as:

•  Renovation of the machine park reduced production electricity consumption by 34% and air 
consumption by 25% from 1990 to 2008; 

• All printing is alcohol-free and 80% of products are printed on recycled paper since 2007;

•  Heat recovery of around 1000 kW/h of energy for hot water and heating reduces CO2-e 
emissions by 1600 tonnes a year. 

Their most recent innovation began in 2008 when the company decided to purchase two new 
80-page presses. The hot-air dryers of their fi ve existing presses were connected to a cen-
tralised oxidizer. However, their high gas consumption and lack of oxidizer capacity drove an 
innovative solution that combines a world fi rst re-engineering of the energy supply with radical 
changes to heatset drying and related resource recovery.

1:   Combined Heat and Power (CHP) gas turbine generates < 4,6 MW of electricity that sup-
plies the needs of the entire plant. The CHP has high energy effi ciency and eliminates grid 
transmission losses. The result is 60% less emissions than the national grid’s energy mix to 
reduce CO2-e emissions by 6000 t/year. 

2:   Heat and steam generated from the CHP replaces dryer gas consumption and related 
CO2-e. This application, the fi rst of its kind worldwide, makes heatset drying almost gas-free; 
it provides faster press start-up with no negative impacts on press operation. 

3:   Mineral oil condensation recovery is another innovation for heatset (similar techniques are 
used in gravure). Jungfer uses about 4000 t/year of heatset inks that contain about 33% 
mineral oil, of which around 10% is retained in uncoated paper; most of the balance can 
now be recovered. 

“Our goal is to improve the total energy and emission effi ciency of both 
the print process and factory with improved resource conservation by moving 
toward an almost CO2-e free printing process.”  
Andy Wulf - Director.

Improvements from project  Poor  Moderate  Good Excellent
Better temperature, humidity & dust conditions   • 

More stable production & storage conditions   • 

Improved productivity    • 

Reduced energy / resources consumption    • 

Image to customers & community     •
Flexible & future-proofed assets   • 

Lower lifetime operating costs of building   • 

Overall sustainable environmental profi le    •

 Full case study on 
www.com-idep.fr
www.icmprint.com

CHP gas turbine generates enough electricity for the 
entire plant and hot air for heatset drying. 
Source: Jungfer

Ducts feed CHP hot air into the dryer. Source: Jungfer

www.jungfer-group.com
Location: Herzberg, Germany
Climatic zone: Continental
Natural risks: None
Installation: Greenfi eld
Project: CHP energy generation
Budget: 13 M€
Year of construction: 1989 & 2012
Site surface area: 45 000 m2

Building surface: 25 000 m2

Printing processes: 7 heatset offset presses
Substrates processed/year: 120 000 tonnes
Print products: Commercial
Number of staff: 300

CASE 

STUDY
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Operating needs
“It is preferable to start with a diagram of the fl ow of materials and products, 
plan the layout around this fl ow, and then design the architecture to complement 
this fl ow and layout.”  A. John Geis “Printing Plant Layout and Facility Design”

Defi ning needs is the domain of the printer, providing key specifi cations for the architect and 
builder.  These cover surface area required, layout, process and functional considerations, 
materials handling, etc. This is the brief that determines the eventual size of the building, wheth-
er the existing building can be renovated or extended, or if a new one is needed.  

Production layout and workfl ow
The three most important elements for a layout, according to A. John Geis, are:
1. Direct product fl ow (from incoming materials to warehouse, to press, postpress and dispatch).
2. Physical separation of manufacturing from offi ce areas.
3. Ability to expand all areas while maintaining points 1 and 2.

1: Direct product fl ow
Effi cient fl ows can be straight or U-shaped and should be on a single level. Paper is continuous-
ly moved around a printing plant, making materials handling effi ciency (frequency, distance and 
time) the workfl ow priority. Adequate intermediate storage for Work in Progress (WIP) should 
include easy access and be adjacent to the next operation with a continuous fl ow between 
operations.  

2: Physical separation of offi ce from manufacturing
Manufacturing and offi ce areas have different functional needs. Production requires large 
areas with high ceilings that dissipate vibration, noise and heat, while providing space for ducts, 
ventillators, pipes and cabling. Offi ces have lower ceilings and are optimised for more seden-
tary working conditions. Nevertheless, the same quality of facilities for washrooms, furniture, 
etc is preferable in all areas to provide coherence across the company.  

3: Layout for future expansion
It is important to consider future expansion. The maximum allowable construction area of the 
site should be determined to identify expansion potential and how the building can be progres-
sively extended. Evaluate the additional cost of the second phase of a two-stage project for im-
mediate construction because this is cheaper and less disruptive. This can be viable if the extra 
space can be rented out until it is required — Azaprim is a good example

This section draws heavily from “Printing Plant Layout 
and Facility Design”, 3rd edn., A. John Geis, PIA 2010, 
which describes best practices to help printers develop 
optimum facility designs. www.printing.org

A glazed corridor provides a link between offi ce  
and manufacturing areas. Source Posty Cards.

Substrate handling is a fundamental activity 
of a printing company and is often under estimated 
at planning. An area 2-4 times a machine’s footprint 

is usually required for substrates WIP. 
Source: icmPrint.

CHAPTER

3
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The circular movement of a U-shaped plant 
groups inward and outward goods for best use 
of materials handling staff and equipment. This 
format also allows for subsequent expansion. 
Source ‘Printing Plant Layout and Facility Design’.

The full length corridor links the two-building 
plant with a straight through workfl ow. 
It facilitates movement from one building to 
another and to common areas located along 
the corridor and to entries at the extremities. 
‘Printing Plant Layout and Facility Design’.
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Open or separated 
production areas?  
Open layouts provide an open and vis-
ible workfl ow with common internal 
temperature and humidity. This is com-
mon for many printers, although some 
prefer a separation between pressroom 
and bindery.

Separated equipment cells are pre-
ferred for printers that want very tight 
control of process conditions like tem-
perature, RH, lighting (for UV) and dust, 
or containment of spray powder and 
noise contamination (see Shimizu and 
Cartoffset case study examples). 
In both cases, peripherals are frequently 
located in separate modules to minimise 
heat and noise in the production areas.

Open and fl exible production area at Azaprim. 
Source: icmPrint.
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How big?       
The key element in any building project is to determine its future surface area. To do this, make 
a summary spreadsheet for each area with columns for size: today, expansion at fi ve years, and 
a second expansion in 10 years. 
1.  Column 1 lists each functional internal and external area: offi ces, prepress, press, postpress, 

warehouse, hazardous materials and waste storage, dispatch, staff facilities, parking, and any 
new facilities such as conference and customer viewing rooms, staff facilities, etc.

2.  Measure the surface area currently used for each area and the number of people working 
in them. 

3.  Add a growth percentage column for each, then calculate the new area. Make allowances 
for new  equipment, personnel, services, materials handling, waste treatment, and any new 
functions. 

4. Calculate requirements for existing and future internal traffi c aisles. 
5.  External areas need to allow adequate parking for staff (multi-shift working requires double 

parking capacity at shift change), visitors, loading areas, waste storage, etc. 

To
Shipping

Folder Folder

Work-in-process

From
Pressroom

Cutter

Saddle binder

Aisle

Bindery area with work-in-
process storage. 

Source: ‘Printing Plant 
Layout and Facility Design’.

Future production surface areas 
The printer should defi ne needs with assistance from suppliers. Substrate handling is a key 
activity that is often underestimated at planning. Materials storage area requirements may in-
crease if substrates are delivered less frequently, to provide longer fi nished product storage, or 
following a move to thicker substrates. 
Prepress: Smaller area required as CTP, automation and process-less plates become standard. 
Pressroom: These can be made more compact in two ways: increase press output per 24 hours 
and/or install higher productivity machines (speed/format) that can reduce the number needed. 
For example, Azaprim went from three to two presses, and PDI from eight to three. Make sure 
there is suffi cient space to install a replacement press at next changeover without disrupting 
production.
A ratio of 2-4 times the footprint of each press is needed to accommodate WIP substrates. Note:
•  Higher space ratio for: faster presses; frequent short runs and/or jobs requiring two press 

passes; running thick substrates (for 10 000 sheets: paper = 1 pallet, cartonboard = 4 pallets); 
or if paper needs to be acclimatised to the pressroom.

•  A lower ratio is needed when substrates are moved quickly away from the press when print-
ing only one side of the sheet, UV curing, and for perfecting sheetfed and web presses. 

Calculate footprint for WIP. 
Source: icmPrint.
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Measure the actual area used around the press(es) and divide by the footprint of the press to 
give the current ratio. Extrapolate to probable future needs. 

Web presses: Similar to sheetfed, generally around 2-3 times footprint for roll WIP storage. 
Press layout is highly variable depending on log bundling, palletising, disc storage, or gripper 
transfer to postpress area. 

Postpress: Calculate footprint ratios. Faster machines, shorter run lengths and thicker sub-
strates increase WIP storage space requirements. Allow room for cabinets to store knives, wire 
spools and spares. Die-cutters require large racks to store cutting formes.  

Substrates warehouse: The volume of stored substrates varies signifi cantly between printers. 
Factors include paper grade and weight, minimum stock level, single or multi-level storage, 
and delivery frequency. Transport constraints may push some suppliers to reduce future deliv-
ery frequency. Multi-level racks increase storage capacity and segregate different substrates. 
Sheet stock on pallets can be stacked vertically. Roll storage calculation is the number of rolls 
used per press/day multiplied by the number of days of paper supply to be kept on site, and 
allow both for aisle space and that 100% capacity is unlikely due to roll rotation. 

Storage (non-substrates): Required for plates, bindery supplies, corrugated boxes, tapes, 
wires etc.

Offi ces: The guideline for fl oor space per offi ce worker is 15 m2 (161 sq ft) and managers 23 m2 

(248 sq ft), including access aisles. Aisles and corridors should be 1,60 m (3,3 ft) wide to allow 
two people to pass and provide wheelchair access. Future needs can be estimated taking 
into account projected additional staff over the next fi ve years. Organise offi ces by locating 
together those people who need to have regular communication across the workfl ow. Avoid 
long, narrow offi ces.

Multi-level racks increase paper storage capacity per unit of fl oor space. 
Source: Pure Impression.

Sheet stock on pallets can be stacked vertically.
Source: icmPrint.
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Materials storage & handling layout    
Calculate intermediate storage areas and their location, along with aisle location and width. 
Materials handling requires careful analysis to ensure effi ciency and minimise accident risk. 
It is essential to avoid double handling, backtracking, and moving other loads to get to the one 
needed. Good design minimises staff time to move themselves and materials around the plant. 

Circulation & aisles
Aisles should be as straight as possible as every turn increases the risk of a collision or spilled 
load. Use corner-collision protection for wall edges, building columns, paper and pallets. One 
major aisle from receiving to shipping is usually preferred — allow for simple continuation of 
aisles into any future expansion.

Aisles must be dimensioned to the characteristics of the handling equipment. Main aisles 
should be wide enough so that two laden pallet trucks can pass each other; and allow a 90° 
turn to load/unload. There should be separate circuits for vehicles and people. Traffi c routes 
should be clearly marked on the fl oor by lines and symbols to ensure safe working and provide 
a visually effi cient workplace.  Aisles, storage zones and machine operating areas should be 
defi ned by 75 mm (3 in) wide yellow paint/tape on fl oors. Storage areas should also be numbered 
to facilitate placement and retrieval.

Pedestrian circulation needs to minimise risk of collision with vehicles, fi xed objects or tripping. 
Anticipate, by minimising length of paths between parking, changing rooms and work stations, 
that people will take the shortest available route. Routes should be clearly marked and correctly 
lit. Paths 1,6 m (3,3 ft) wide provide for wheelchair access. 

Internal transport 
Pallet jacks are the fi rst level of transport, followed by powered lift trucks — the size of the 
plant usually determines if these are walking or riding models. Other selection factors include 
the relative performance of energy source. LPG requires gas storage tanks. Electric power units 
require charging stations with extra batteries if they are used over multiple shifts. 

Battery life is largely determined by the total number of charges rather than by running hours. 
Monitoring of charging and correct maintenance will extend battery life. A central maintenance 
and charging station is often located near the warehouse and equipped with an emergency 
shower and eye wash fountain for accidental acid spills; a separate charging room is recom-
mended for installations over 50 kW (see page 34).

Floor conditions dictate the type of tyre on forklift trucks. A rough or cracked fl oor can cause 
accidents if extremely hard tyres are used. Non-marking tyres should be installed on new trucks 
when they are moved to new buildings to eliminate tyre marking. Ensure capacity to handle 
intended loads of machines and storage.

Substrates warehouse
Should be located next to the receiving dock and close to the pressroom. The fl oor should be 
at the same level as the unloading dock platform. Pallet storage racks should have protective 
corner posts. 

Ensuring a correct paper temperature and RH will improve press productivity: 
• Storage conditions should be the same as pressroom if possible. 
• Paper should be kept in its protective wrapper. 
• Air should circulate freely around stored paper, which should not touch outside walls. 

Clearly defi ned aisles increase effi ciency and safety. 
Source: icmPrint.

Dedicated area for roll truck battery charging. 
Source. Shimizu.
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Roll storage and handling
Floor loading (and clamp truck capacity) need to be dimensioned according to the roll diameter, 
weight per roll (coated paper is ≈ 80% heavier than uncoated) and number of rolls in the stack 
height. 

Access aisles for roll clamp trucks are determined by roll width — add 25 cm (10 in) to full roll 
turn radius to minimise roll collision damage — and a storage angle of either 60° or 90° rows. 
The 60° angle reduces aisle turning width by 38%. Adequate space is needed between every 
other roll to allow the clamp truck to reach the deepest position without damaging rolls on either 
side. Roll storage in rows from a single centre aisle to a wall can complicate access, whereas 
two separate roll-in roll-out aisles allow more fl exible fi rst-in fi rst-out (FIFO) movement. A nest-
ed roll pattern eliminates rows, reducing the fl oor area required to store a larger quantity of 
rolls of a single type — these must be staggered to allow each roll to be lifted. Check that fi re 
regulations permit nesting as some codes require space to hose down rolls.

The number of rolls in each stack depends on (web) width and ceiling height, less the clearance 
below sprinkler heads. A standard 7 m (23 ft) high ceiling should be able to stack around 6,5 m 
(22ft) of rolls. Very high ceilings of 12 m (40 ft) allows more rolls in a stack but require fl oors with 
increased load-bearing capacity and roll trucks with higher masts. However, their lowered mast 
height (around 3,7 m — 12,25 ft) is too high to unload road trailers or railway wagons, which 
means another clamp truck with a lower mast will be required. 

Attach a timber barrier, 100 x 100 mm (4 x 4 in) to the fl oor to prevent rolls being pushed into the 
warehouse walls. Place them either next to the wall, or 300-450 mm (12-18 in) from it to allow 
for fi re hose water if necessary. Curved plastic protectors will shield corner rolls from clamp 
truck damage on intersecting truck aisles. This freestanding protector should be as high as the 
widest portion of any roll clamp truck and is an effective way to prevent damage from trucks 
making turns too sharply. 

Do not store rolls on pallets on the fl oor because broken pallets can damage rolls; weak pal-
lets can collapse, creating a serious safety issue from rolls falling over; clamp truck handling 
becomes more diffi cult and time consuming. 
   

Rolls can be stacked vertically using soldier or nesting 
patterns. Nested pattern permits more rolls to be stored 
in a given area. Source UPM Cargo Manual. 

Adequate space is needed between rolls for roll 
clamp truck access. A timber barrier prevents rolls 
being pushed into the walls.  
Source: ‘Printing Plant Layout and Facility Design’

Rolls stored in 60° angled rows using FIFO fi rst-in 
fi rst-out movement with separate roll-in roll-out aisles. 
Source: ‘Printing Plant Layout and Facility Design’.
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Considerations for production areas 
Prepress 
Most CTP systems now operate in daylight, so no darkroom is required. Plates should be stored 
close by. Process-less plates eliminate the need for a water supply, drainage and waste treat-
ment. Traditional plate systems require the collection of used developer (see page 35). Prepress, 
IT and digital press rooms should have positive pressure air-conditioning with a false ceiling 
to minimise dust and debris, and an easy-to-clean tiled fl oor. Lighting to prevent fogging of UV 
sensitive plates and inks requires white fl ourescent tubes with UV sleeves, and windows with 
UV fi lter fi lm. 

Isolation 
insulation SlabReinforced pad

Sealant

Most CTP systems now operate 
in daylight and can be more easily 

integrated with offi ce and production 
areas like this one at Azaprim. 

Source: icmPrint.

Production & storage areas
Floors: All fl oors should be higher than the surrounding ground level with effective drains to 
avoid storm fl ooding. Concrete fl oors need to be sealed to prevent dusting, usually with an 
epoxy and urethane coating that is chemical, stain and skid resistant, and easy to clean.  A 
refl ective light fl oor colour surface increases illumination. Floors need to be strong enough for 
machine and materials loads.
Machine foundations: Pads should be sized for presses that are larger and heavier than those 
currently used. Their specifi cation should be determined by an engineer, taking into account the 
press weight, speed and subsurface conditions. Some smaller printers put a reinforced fl oor 
across their entire pressroom to allow complete layout fl exibility.
Water: Assess water quality, which can vary over time. High water conductivity causes roller 
build-up, scale and binding on plates, which can be avoided by reverse osmosis treatment. 
Defi ne a wet area sink with hot water (local heater) for roller washing, fi lling dampening 
solution, etc. A centralised unit reduces piping. Absence of fl oor drains eliminates dumping of 
unsuitable materials into sewer system. 
Compressed air: A centralised system located on an outside wall or enclosed on a mezzanine 
eliminates heat build-up, noise and contamination in production areas, and makes cleaning and 
maintenance easier. Check with suppliers the maximum distance for pipe size and pressure. 
Air must be clean, dry and lightly lubricated. A compressed air outlet at each press delivery is 
useful for cleaning (gripper bar). 
Pneumatic trim collection: Collection ductwork layout should be coordinated with HVAC duct-
work and other activities. To conserve its heating value, consider returning exhausted air back 
to the production area after trim and dust is fi ltered out.
Internal utilities organisation: Fluids — water, air, gas, electricity — are best organised from 
the ceiling down to ensure maximum fl exibility and access. Under-fl oor supply should be 
avoided where possible. 
Other: Defi ne what is required for support services, maintenance, production offi ces, rest rooms. 

Press foundation should be isolated with insulation 
between the pad and fl oor — keep insulation 
about 10 mm below fl oor level and fi ll gap with a 
fl exible sealant. 
Source: ‘Printing Plant Layout and Facility Design’.

Special products
Certain printing products impose special 
constraints. Security printing requires 
controlled access. Pharmaceutical 
notices requires rigorously separated 
production to avoid any risk that the 
products can be mixed. The BRC Global 
Standard for Food Safety certifi cation 
can infl uence the conception and man-
agement of the printer’s building to avoid 
problems like the accumulation of dust 
or chemical contamination. These spe-
cial conditions need to be clearly identi-
fi ed in the defi nition of the site’s needs.
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The beginning and end of manufacturing is where materials enter the production cycle and are 
then dispatched as fi nished products. For small printers this is often a ground-level loading door 
with an electric lift truck or dock lift to load and unload vehicles. Larger plants have a roofed 
loading bay (dock) and some include an internal loading ramp to allow access for small delivery 
vehicles. Some printers have a dedicated staging area in which to accumulate all parts of an 
order to ensure that no part of the job is misplaced. Short run job deliveries will often use small 
trucks or vans with lower loading height.

Dock doors should be about 10 cm (4 in) wider than truck width. The height of the unloading 
dock is variable with truck height, e.g. 50 cm (20 in) for vans and small trucks to 1,2 m (47 in) 
for large trucks. Solutions are doors/docks for different truck heights, an outside platform with 
different heights, or pit type dock levellers. Ramp angle should not be higher than 5% and have 
lateral protection.  Doors, docks, cabinets, etc should be protected from truck collision using 
150 mm (6 in) diameter steel pipes painted yellow. 

Docks should be sheltered from poor weather conditions and dock seals between the truck and 
the building can pay for themselves in a year from energy savings from ‘lost’ hot or cold air. The 
border of the dock should be painted with a colour contrasting the ground.

The service road and dock approaches need to be dimensioned to the size(s) of trucks. Continu-
ous parallel lines on the ground about 3,4 m (10 ft) apart help guide vehicles to manoeuvre. In 
left-hand drive countries, trucks should circulate anti-clockwise because the driver can see 
the end of the truck or trailer more easily — the opposite applies to right-hand drive countries. 
A general guide to truck manoeuvring space is that the approach distance to the dock should be 
at least twice the length of the truck.

Paper Waste
The shipping area is often the best placed to position waste. Paper waste can be collected 
automatically by suction or conveyors or manually. Conveyors require suffi ciently heavy waste 
to function correctly. They are energy effi cient because they do not aspire air from the factory 
and conserve the internal temperature, and are quieter than other systems. Compaction is the 
most effi cient system to reduce paper volume but needs careful evaluation of space required, 
noise impact and cost. Horizontal compaction balers can be combined with automated trim 
extraction systems or fed manually. These systems generate dust and should be located away 
from manufacturing. In certain special cases (security printing), a shredder may also be useful 
to chop up waste signatures and makeready sheets. 

Ask your waste collector to evaluate your operation including the level of sorting (white paper, 
printed, laminated). Provide separate areas for other waste materials such as aluminium plates 
and plastics to be recycled.

Moveable automatic truck loading 
docks with weather protection. IROPA.
Source: icmPrint.

Ground level loading doors with weather protection. 
Source: icmPrint.

Materials Reception/Dispatch
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Internal process environment     
Changes in temperature, humidity, static and dust signifi cantly affect print and fi nishing pro-
cess effi ciency (paper distortion, web breaks, colour variations, electrostatic charges and 
production stops), waste and working conditions. Peripheral equipment (pumps, compressors, 
watercooled chillers) should be located outside the pressroom to avoid their related tempera-
ture variations. The difference between summer and winter internal temperatures can be up to 
20°C/68°F and poor ventilation can add another 20°C/68°F. 

Prepress: Platesetters generate heat requiring air-conditioning to maintain operating tempera-
ture at 22°C ± 2°C (72°F ± 3°F) and RH 50% ± 5%. The prepress area should be under positive 
pressure to prevent dust from entering and supply air should be fi ltered — this is particularly 
important if anti-setoff spray powder is used on presses.

Printing: Sensitive processes like digital, waterless, and UV may require an optimum tem-
perature of 22°C ± 2°C (72°F ± 3°F)  and RH 45-50% ± 5%. A much wider range can be toler-
ated for other processes. A monitoring system is recommended to collect data and adjust the 
HVAC system. Regular air changes are needed to meet regulations, particularly if IPA is used. 
Air supply will need frequent fi lter changes if spray powder is used — they should be as easy 
as possible to change. 

Web presses: Web offset presses have a similar temperature/RH range to sheetfed, while cold-
set newspaper presses tend to have a larger operating window. When a press starts up, the 
web's motion creates large and rapid air movement, which quickly changes humidity and tem-
perature. If the replacement air is too cool it can create local cold spots and operating prob-
lems. Ventilation becomes critical if web presses are in a soundproofed enclosure where the 
press unit temperature can be 10-20°C/50-68°F higher than an open line.  

Postpress: Controlled humidity within 30-70% RH reduces paper handling problems caused by 
static or excessive moisture. 

Air humidifi cation: Systems can partly address these issues. Review specifi c needs (ceiling 
height, volume etc.) with a specialist to identify the optimum solution. For example, high-pressure 
air nozzle systems provide high humidifi cation capacity and minimal electricity consumption along 
with low maintenance and noise. Their ultrafi ne high-pressure mist allows rapid absorption by 
the air and avoids droplets depositing onto people or machines. A purifi ed water supply (reverse 
osmosis) with a low mineral content is essential to avoid corrosion and adverse hygiene issues. 
It is recommended that the system is EU certifi ed for ‘optimised air humidifi cation’.

Consumables storage: The optimum ambient environment to store consumables is 20-25°C (68-
77°F) with 50-55% RH in order to maintain dimensional stability, minimise static and avoid pre-
mature ageing. Most consumables will deteriorate if exposed to UV and ozone sources (near 
electric motors, appliances or switch cabinets). Storage areas should be dust and draught free 
and conform to all safety, fi re and other regulations. Ink temperature below 18°C (64°F) raises 
ink viscosity, while warm ink creates ink mist and drips.

 

Prepress requires air-conditioning to maintain correct 
operating temperature and should be under positive 
pressure to prevent dust from entering. Source Shimizu.

PDI installed an air humidifi cation systems in both their 
offset and digital pressrooms because humidity is often 
low in winter and high in summer. Source PDI.

Cases studies show the improvements 
possible in process working conditions.

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

Better temperature, humidity & dust conditions

More stable production & storage  conditions

Improved productivity

Reduced energy consumption

Poor Moderate Good  Excellent 
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Sound and vibrations     
Noise can negatively affect employees and the surrounding community and can be particularly 
annoying if it is either impulsive (distinctive and highly intrusive in nature) or tonal (cyclones, 
extraction units, etc.). Noise levels and exposure time determine noise dosage; long exposure 
to high noise levels will result in hearing damage. There is a correlation between high noise 
levels and worker productivity, stress and absenteeism. Noise travels directly or by refl ection 
(reverberation) and is generally the result of multiple sources of sound from machinery, de-
livery trucks, compressors, generators and extraction fans. The potential for noise complaint 
is increased when plants are close to residential areas and operate 24 hours a day. With the 
absence of general daytime background noise at night and weekends the perceived level of 
noise increases. 

Noise levels are subject to European Community directives for employee working conditions, 
and a maximum sound pressure level of 83 dB(A)-weighted is allowed in the printing industry 
(A-weighted means the decibel value in relation to the sensitivity of human hearing). As a rough 
guide, two people have to shout to be heard if they are 1 m apart at 90 dB or at 2 m at 85 dB. It 
is recommended to integrate acoustic measures at project conception and materials selection. 
Production area sound and treatment can be computer modelled. National regulations also apply. 

Design and construction actions to minimise noise include: 
•  Reduce noise at its source, e.g. PIAB vacuum pumps on folding and stitching lines.
•  Enclose noise sources such as motors, pumps and compressors in a separate room. When 

choosing new machines request noise level specifi cations and measure post-installation 
to make sure they are met.

•  Anti-vibration supports prevent vibrations transferring through the fl oor from printing 
presses, guillotines, etc. 

•  Sound absorbent wall and ceiling coverings (a good absorbing material admits sound and 
then dissipates it by changing the acoustic energy to heat). Selecting a material that is both 
a good sound and thermal insulation at the time of construction generally costs little or no 
extra. Note that not all thermal insulation materials are effi cient for acoustic insulation. 

• Acoustic screens like ceiling buffers and absorbers (particularly for folders).
•  A soundproof operating cabin can be a good solution for web presses with a high level of 

remote control and automation.
•  Adjust machine layout by increasing the distance between machines to separate noise 

sources.

Soundproof enclosure of a web press. 
Source WOCG.

Materials storage conditions Keep in  Storage Sensitive to Sensitive to Max. storage
 packaging position UV  Ozone  time/months
Paper ✔ On end ✔  6
Pasting tabs & tapes ✔ On side ✔  6
Inks ✔  ✔  3
Blankets Unroll Flat ✔ ✔ 6
Rollers ✔ Vertical ✔ ✔ 3
Plates ✔ Flat ✔ ✔ 12
Chemicals ✔ Vertical ✔ ✔ 3-6
Optimum storage   Temperature 20-25°C (68-77°F)  
and operating environment   Relative humidity 50-55% RH
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Other functional considerations
Internal walls: Metal frame drywall allows wiring to be run through and gives fl exibility to eas-
ily relocate walls. This should preferably be treated with a noise dampening material and the 
interior wall sealed to prevent moisture infi ltration to pressroom.  

Doors: Need to be wide enough that equipment and plates on a pallet truck can pass through. It 
is recommended that double doors have one side bolted during everyday use; all doors should 
have see-through windows; and truck doors should have pedestrian doors next to them. 

Handling ergonomics: Minimise manual effort to avoid accidents and injury. National standards 
address issues of weight, posture, lifting techniques, etc. Where possible, handling devices 
should be used. 

Offi ce ergonomics: Select working surfaces that are appropriate for the function. Research 
indicates that long periods of occupational sitting can have serious health effects and this had 
led to the use of ‘sit-stand’ workstations. The companies in the case study tend to provide all 
employees in all offi ces with the same furniture irrespective of their job.  Workstation lighting 
should be indivually adjustable.

Safety – Health - Environment 
Storage of dangerous materials
Chemical products require a dedicated central storage area with mini-storage spaces close 
to machines. A storage area can be sized on annual chemical consumption and frequency of 
deliveries. If dangerous waste is stored in this zone, then an area for each product family needs 
to be reserved, and sized for a minimum annual collection. The storage area needs to con-
sider safety and organisational constraints — not too distant from production to avoid over-use 
of mini-storage close to machines, and no temporary storage on loading docks. Three design 
aspects need to be considered:
1.  Protection of people: Handling operations must be implemented with complete safety. Dan-

gerous goods should be stored low down, appropriate equipment close by, and avoiding any 
chemical spillage on the fl oor that can create a risk of slipping. Avoid atmospheric chemical 
pollution by using low vapour pressure (low volatility) products and ensure containers are 
tightly closed. Provide adequate high and low level ventilation. Check product safety notices 
to see if mechanical ventilation is required. 

2.  Fire safety: IPA alcohol with a fl ash point of 12°C (54°F) is the most dangerous printing prod-
uct, followed by some cleaning solvents. Eliminating IPA and using cleaning products with 
a fl ash point over 55°C (131°F) can reduce fi re protection and dangerous material storage 
requirements. If regulations permit, it may be possible to dispense with an explosion proof 
electrical installation and automatic detection devices in the storage zone by arrangement 
with the insurance company and fi re service.

3.  Environmental protection: To avoid accidental pollution risk, leakage of dangerous liquids 
needs to be prevented.  The fi rst solution is storage area containment by placing it below 
fl oor level, or by having raised leak-proof barriers at the entrance. The retention could be 
made with a cofferdam connected to an automatic anti-leak detector to avoid roll cart ac-
cess ramps. Other solutions are an excavated fi xed retention on which the products are 
stored on a steel grille or constructing a leak-proof border around a storage zone. High stor-
age to allow forklift handling is a fl exible but onerous solution that requires retention basins 
for all stocked products. Best practice is that the retention volume is equal to the greater of 
the total volume of the largest container or 50% of the total volume stored. 

Electric truck maintenance 
and charging station

Towards the end of a classic battery’s 
charging cycle a hydrogen discharge 
creates a lighter than air explosive layer 
that accumulates close to the ceiling. 

It is recommended to have a dedicated 
charging room for installations over 
50 kW with forced ventilation directly 
to the outside at low and high levels. 
Lighting should be on the walls, rather 
than on the ceiling where stray hydro-
gen is most likely to be found. 

Avoid any non-essential electrical items 
in the room. 

Ensure a minimum distance of 50 cm (20 
in) between the charger and the battery 
by installing wheel stop blocks in the 
fl oor. 

Maintenance-free batteries with elec-
trolyte gel or completely sealed units 
with low discharge are available. 

Their use should be investigated and the 
charging zone adapted to the chosen 
system.

Secure external storage with retention. 
Source: icmPrint.



35LEAN & GREEN SUSTAINABLE PRINTING PLANTS - icmPRINT/IDEP

Hazardous waste
Prepress: Traditional plate systems require the collection of used developer. Evacuation of plate 
rinsing water in a communal drainage system may be accepted with authorisation. However, 
rinsing water fi lter systems create a high concentration of contaminants that in some cases 
becomes dangerous waste. Developers and corrosive products need to be contained. It is ad-
vised to have a small retention zone next to the developer for products in use. The developer 
itself should be placed on a steel or plastic retention base to protect the fl oor. Evaluate the 
technical-economic advantages in using 120 or 1000 litre (32-264 US gallons) containers directly 
connected to the developer unit. 

Storage: Liquid waste can be stocked in different types of suitable containers. It is recommend-
ed that they are held in the dangerous materials storage zone. All liquid waste must be con-
tained. Exterior storage of liquid products must be undercover to avoid retention areas being 
fi lled with rainwater and to restrict unauthorised access. Storage in a basin can be considered 
for high volumes that are collected at least annually. Underground basins require a double wall 
with a leak detection system. Aboveground basins require either retention or a double skin. 
Basins must have a detection alarm to avoid overfl owing. Developer cannot be mixed with any 
other waste. Any possibility of mixed waste needs to be checked with the collection company. 

Solid waste (soiled packing, cloths, electronic products) or pastes (inks) should be made in 
dedicated and clearly identifi ed areas. 

Fire protection
This is determined by local regulations, environmental sensitivity, and fi re service and insurer 
requirements. It is important to determine these needs at the beginning of the project including:
•  Any open surface limit imposed by insurance companies – some restrict this to 4000 m2 

(43 000 sq ft) separated by fi re doors, others to over 6000 m2 (64 500 sq ft). Identify local 
regulations that infl uence the design, e.g. minimum distance between certain activities and 
limit of the site, fi re resistance of construction materials, minimum height of certain separa-
tion walls, etc.

•  Needs for extinguishing water are infl uenced by the water supply to the site — the fi re 
service may require an on-site water reservoir. 

•  Temporary containment of extinguishing water from a fi re may be required to protect the 
local environment. Costs can be minimised by implementing this retention in the general site 
concept, e.g. under certain conditions the loading dock zones can provide retention. 

•  Insurance companies have two approaches for storage of paper rolls. Some prescribe 
sprinklers because even if starting a fi re is diffi cult, it is very diffi cult to extinguish a roll 
store on fi re. Others judge that the accidental activation of sprinklers will lead to the total 
destruction of the paper by water damage, and prefer the installation of detection and auto-
matic extinguishing devices. 

• Lightning conductors are often a regulatory requirement.

Air quality
Improved ventilation has an impact on smell and dust. Spray powder at delivery of conventional 
offset presses is a major source of pollution requiring control; this is not an issue for other pro-
cesses like UV and digital. 
Rigorous selection of low emission products  will reduce chemical emissions at the source.

A secure waste storage area needs to be included in 
the workshop. Source: icmPrint.

A secure storage area with easy access needs to be 
planned for waste awaiting collection. 
Source: icmPrint.  

The selection of fi re control equipment and its 
installation should be made in collaboration with 
the insurance company. 
Source: icmPrint. 

The installation of ventilation and extraction systems 
needs to be adapted to the equipment concerned and 
the size of the workshop. 
Source: icmPrint. 
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Utility Management
Energy – Air – Light – Water 

“Four trends that will shape the world’s energy system this century are 
electrifi cation, decarbonisation, localisation and optimisation.” 
‘Financial Times’ Future of Energy

A new green construction or renovation project must consider the management of utilities that 
have an impact on three aspects of a sustainable development:
1.  Environment: Climate change (energy reduction), air quality (solvent emissions contributing 

to airborne pollution) and availability of water resources. 
2.  Social: Air quality, light and temperature in production areas and their impact on staff health 

and comfort. 
3.  Economics: Cost reduction — case studies of sheetfed printers indicate that their energy 

budget has been reduced by up to 30% after moving to their new sites. 

The investment choice made at the conception of a new or renovated printing site will perma-
nently infl uence utilities consumption. A balance needs to be found between the cost of invest-
ment and its utilisation over a defi ned period ease of use, safety of staff and the company’s 
strategic priorities. Building operations and maintenance consume 5 times more energy than 
construction and materials (US Energy Information Administration), therefore a greener building 
design should minimise utility resource consumption to optimise economic and environmental 
performance.

Energy
While some transitory sources (like shale gas and oil) might reduce some energy costs in cer-
tain parts of the world, the reality for most users is that energy costs have increased and will 
continue to do so.  For example, in France electricity prices are set to increase 50% from 2012 
to 2020. Companies will need to reduce their consumption to limit the impact of energy on the 
cost of production. 
The cheapest kW of energy is the one not used — boosting energy effi ciency is also the most 
economic way to reduce Greenhouse Gas emissions. This can be best achieved by using a bio-
climatic building design (see Chapters 5 and 6) combined with integrated ‘smart’ technologies.

Selecting Sources of Energy? 
The cost of energy depends upon the evolution of international markets, political choices such 
as taxes, and extreme geo-political events and catastrophes, e.g. the Fukushima Daiichi earth-
quake led to a 30% increase in Japanese electricity tariffs. 
Correctly selecting one future energy source (gas, LPG, diesel, electricity) rather than another 
is almost impossible. However, we can predict that highly carbonised energy sources that emit 
greenhouse gases will be taxed more than others in the short- to mid-term. Electricity is a sec-
ondary energy because its production is based on primary energy — mechanical (wind and 
hydro), thermal (coal and gas) or nuclear. Electricity tariffs are closely aligned to the costs of 
primary energy. 

The consumption of 1 MWh of electricity generates 

 30 kg  CO2-e if it is produced with gas, 

 300 kg  CO2-e with domestic diesel, 

 420 kg  CO2-e with oil, 

 80 kg  CO2-e  with electricity produced in France, 

 640 kg  CO2-e  with electricity produced in Germany. 
Source: Base Impacts.
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Minimising demand
Sunlight is free, and maximising its ben-
efi ts to reduce heating and lighting needs 
is part of an integrated building design. 
Similarly, thermal mass, insulation, 
shading, refl ective surfaces and natural 
ventilation can help minimise heat gains 
in summer and thus energy needs for 
cooling (IEA). See Chapters 5 and 6.
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Economic and Environmental Considerations
The needs of the site should be assessed after investigating all possible solutions to reduce and 
recover energy; then comes the choice of energy source(s). Factors to be considered include:

Site location: Quantify available geothermal sources and depth, and check if a collective heat-
ing network exists. Consider the possibility of installing solar panels or wind turbines. 

Visibility of cost evolution: It is essential to measure the public policy dependence of the cost 
per kWh of the production system chosen. For example, installing solar PVs (Photo Voltaic) 
may be fi nancially interesting at a given moment but can lose all interest if there is a change of 
national politics reducing the purchase price of kW hours generated. 

Maturity of selected process: Technologies and their economics can change rapidly, so it is 
important to have current information — a solution unattractive two years ago may now be 
pertinent. For example, fi rst generation solar PV or adsorption systems (producing cooling from 
heat) that today have limited interest because of a 10 year ROI. 

Identify public fi nancial support (direct or indirect): Financial support varies between territo-
ries over time. It is, therefore, important to research all of the relevant bodies (international, na-
tional, regional and local) to identify available fi nancial solutions (subsidies, reduced rate loans, 
energy production subsidies, etc.). In France, the resale of Certifi cats d'Economie d'Energie 
(CEE) constitutes an interesting fi nancial solution. 

Renewable energy options: Wind, solar PV and water heating, deep geothermal, biomass 
(wood), connection to a hot or cold community supply network. Evaluate installing a horizontal 
geothermal system connected to a heat transfer pump. Some ‘alternative’ fuels are also imagi-
nable; for example, there are printing sites using palm oil as a fuel (its origin needs to be renew-
able), or paper waste (a solution not allowed in all countries).  

With the exception of web offset (where gas remains the most appropriate solution for hot 
air dryers), the choice between electricity and gas energy is generally concerned with space 
heating. 

As a fi rst approach the company can decide if it wants to air-condition its building, in which 
case a reversible heat pump may present the optimum solution. If not, then evaluate a gas cen-
tral heating system or aerotherm space heating (if no collective system or geothermal solution 
is possible), and consider combining with an air refreshment system.

Solar PV panels installed on the roof 
of Ulzama Grafi cas in Spain. 
Source: icmPrint.

Defi nition of Electrical Needs

For a new building it is necessary to de-
termine precisely the power required for 
the electrical transformer. Case studies 
show that the life of an electrical trans-
former is around 10 years and a balance 
needs to be taken between over-sizing 
(choice of Cartoffset) and the risk of a 
short term replacement (Pure Impres-
sion). The right choice requires an anal-
ysis of current installed equipment with 
individual meters, adjusted to match 
changes to equipment at the new site in 
association with the relevant suppliers. 
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Conditions To Monitor Consumption
Precise monitoring of site energy consumption will enable a company to:

- Calculate the cost price of different types of printed products 
- Identify principal consumption sources
- React rapidly when equipment malfunctions
- Confi rm the energy supply contract
- Measure effi ciency of reduction measures.

It is recommended to monitor continuously and produce a weekly or monthly summary. Most 
energy suppliers propose continuous monitoring to verify that the power used does not surpass 
the subscribed power and thus avoid fi nancial penalties. Those companies with a relatively 
constant year-to-year production can estimate a provisional daily production. A pre-defi ned 
alert level immediately shows any abnormal consumption. In addition, continuous monitoring al-
lows real consumption to be quantifi ed for different production equipment (notably during start-
up phase). Mobile counters can be used to better understand the real sources of consumption 
of different machines. 

The monthly review, consolidated annually, allows comparative measurement of energy perfor-
mance. While fi nance provides an absolute value, energy effi ciency measurement requires an 
indicator for the volume of production. The Print Process Champion’s (PPC) e2KPIs  (Economic 
and Environmental Key Performance Indicators) propose total energy consumption per tonne 
of printed product delivered to customers. Alternatively, some printers may prefer to compare 
energy consumption per number of products or by square metres produced. 

To smooth out climatic variations, it is recommended to consider Unifi ed Degree Day (see box). 
This allows internal benchmarking to compare company performance at different periods, the 
choice of reference has little impact — it is only important for external benchmarking when 
comparing different companies, in which case a PPC indicator is recommended. 

For fi nancial reasons, reactive energy consumption related to equipment motors needs to be 
specifi cally monitored. The supplier will invoice reactive energy when it surpasses a certain 
level compared to the total consumption. Installing an array of condensers reduces reactive 
energy and its associated costs and can give an ROI of less than 18 months.  

Smart systems

Smart technologies help reduce energy consumption and many have an ROI within 2-3 years. 
Smart buildings combine information, technology and human ingenuity to reduce the energy 
needed for any given level of operation. This is made possible by using affordable sensor, con-
trol, and communication technologies to gather, manage, interpret, communicate, and act upon 
disparate data to improve device, process, facility, or organization performance.

Building Automation Systems integrate heating, cooling, ventilation, hot water, lighting, and 
other elements. These systems provide continuous consumption information to analyse per-
formance during specifi c periods to ensure energy is only consumed when needed, identify 
potential savings and avoid peak penalties. They can improve operational comfort by regulat-
ing temperature, CO2 concentration, humidity, brightness and can also manage security access 
and fi re detection. Typical utilities savings are 10-30% according to IEA. The merits of a global 
“smart” system should be assessed at the time of conception of a new building, they are used 
for example by Shimizu and PostyCards.

The ISO 5000 standard relative to energy management can provide a structure to help a com-
pany reduce its energy consumption. This is compatible with ISO 140001 and ISO 9001 to enable 
the company to elaborate a strategy and fi x objectives for a reduction policy, and to measure 
and examine continuous improvement results. 

UDD — Climatic Correction

The Unifi ed Degree Day (UDD) helps ac-
count for variable climatic conditions 
when comparing energy consumption 
from one year to another and, conse-
quently, the associated needs of heating 
and cooling. Data from the nearest me-
teorological station is used to calculate 
the difference between the interior ref-
erence temperature, fi xed at 18°C, and 
the external temperature. This allows 
consumption variations to be compared 
independent of climatic variations by 
dividing the energy consumption from 
October 1 to May 20 by the UDD of heat-
ing, and May 21 to September 30 by UDD 
for cooling. 

Monitoring energy consumption allows a durable 
optimisation of energy. Source COFELY.
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Energy Consumption Optimisation 
Printing press peripheral systems can use up to 50%, or even more, of the overall energy con-
sumption. Calories are generated by compressors, electrical cabinets, cooling systems, dryers 
of inks and coatings, and heatset oxidisers. Technologies that can signifi cantly reduce power 
consumption includes variable compressor adjustment to supply only the load needed, speed 
controlled drives, free cooling and heat recovery.

Heat exchangers are used to maintain air quality while recovering calories that can provide 
enough heat for the plant in winter, while evacuating heat in summer to reduce cooling energy 
demand. These may be air/air or water/water (particularly for presses using glycol cooling), or 
air/water. Centralisation of compressors and dampening systems provides the optimum condi-
tion to recover this energy. For companies that have a cooling need rather than heating, these 
calories can be reused for cooling (see insert ICP Roto). 

Because they evacuate heated air in winter, and cooled air in summer, paper waste extraction 
systems can lead to excessive energy consumption. This calorie loss can be minimised by re-
injecting the exhaust air back into the workshop after it has been fi ltered, a solution adopted by 
Cartoffset (see case study page 17). 

When estimating the ROI of energy recovery systems, it is important to integrate the evolving 
energy cost for the next 10 years. 

Heatset web offset dryers use thermal recuperative oxidisers to treat VOC air emissions. 
A regenerative oxidiser consumes 50-70% less gas than a recuperative system. An integrated 
dryer-oxidiser uses 50% less energy than a centralised oxidiser. The choice of oxidation system 
needs to refl ect production conditions, including number and location of presses, weekly pro-
duction hours etc. An innovative alternative by Jungfer (see case study page 00) was to install 
a Combined Heat and Power gas turbine to generate all of the electricity for its entire plant and 
enough steam to replace gas in the dryers for seven heatset web offset presses, combined with 
solvent recovery.

When selecting new equipment it is important to evaluate with suppliers its lifetime energy 
consumption. Consider technology alternatives, e.g. vacuum pumps are often sources of ex-
cessive energy consumption and noise generation and alternative technologies are available, 
notably for folders; LED ink and coating drying systems can reduce consumption for certain 
applications.

An example of using heat recovery from the press used to reduce conventional heating energy and the related 
CO2 emissions. Source Technotrans.

Exhaust air from die-cutter waste extraction 
is re-injected to the workshop after fi ltration. 
Source: icmPrint.

Making cold from hot
The heatset printer ICP Roto (Imprimerie 
Chane Pane) on the Indian Ocean island 
of Reunion has signifi cant cooling needs 
for press chill rolls, drive motors, elec-
tric cabinets and offi ce air-conditioning. 
To limit energy consumption, the com-
pany has installed an absorption system 
that uses a mix of water and lithium bro-
mide to convert calories from the dryer-
oxidiser to generate cooling fl uid. In ad-
dition to extending the air-conditioned 
area, the installation has reduced an-
nual consumption by 205 MWh electric-
ity and 300 MWh of fuel oil (500 t CO2–e). 
The ROI of this solution is about 10 years 
compared to traditional refrigeration af-
ter deduction of subsidies. 

Source: ICP Roto.
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Air
Issues with air can be viewed from the perspectives of thermal comfort, internal air quality and 
compressed air. 

Heating and Cooling
Management of internal temperatures in a printing plant can be complex because each pro-
duction zone can have specifi c needs as defi ned on pages 30-31. IT centres, prepress CTP 
and digital presses need to be installed in air-conditioned zones that usually have a maximum 
temperature requirement of 24°C (75°F). Recommended temperature range for printing, ink and 
paper is 20-24°C (68-75°F), although a range of 18-30°C (64-86°F) is common for conventional 
sheetfed offset. Certain products, like developers, are susceptible to freezing damage. For 
offi ces, the normal acceptable range from winter to summer is 18-24°C (64-75°F). 

There are three possible solutions to temperature limitations: a passive solution based on the 
thermal effi ciency of the building (see next chapter); a refreshment system to guarantee a tem-
perature difference between the interior and exterior, combined with heating; and air-condition-
ing to maintain a set temperature. 

Heating systems
Heating systems have three aspects — the production of heat, its distribution using a fl uid, 
and distribution of heat at required places. Heat emission systems include fl oor heating, water 
radiator convectors, walls (embedded heating tubes) and air pulse systems. In principal, the 
fl oor is the best heating emitter because it needs only a low temperature system, the emission 
surface is large and ensures a homogenous radiant temperature but is unsuitable for fl oors with 
high loads and vibrations. Air pulse systems are interesting because there is no inertia and they 
can be coupled with dual fl ow mechanical ventilation systems — they need large dimension 
ducting and a low speed blower at fl oor level. 

Reversible heat pumps 
The current preferred solution of many new printing plants is to install reversible heat pumps 
that take energy extracted from the air or ground. In the winter, these pumps take heat from the 
exterior to the inside, in summer they move internal heat outside. A refrigerated fl uid circulated 
by a compressor (driven by electricity or natural gas) moves thermal energy opposite to the 
direction of spontaneous heat fl ow by absorbing heat from a cold space and releasing it to a 
warmer one. The heating energy is pumped either in the external atmosphere by a static heat 
exchanger (with the help of a solar captor or a ventilator), or by the ground  — natural solar 
capture from soil or underground water — that are both called geothermal systems. 

Heat pump effi ciency is characterised by its Coeffi cient of Performance (COP). A COP of 3 signi-
fi es that the pump consumes 1 kWh of electricity and provides 3 kWh of heat, a minimum COP 
of 3,5 is recommended by ADEME. The use of some energy in renewable resources (air, water, 
earth) for heating and cooling is both economically and environmentally effi cient. ADEME rec-
ommends avoiding over-sizing an installation to prevent excessive electrical energy consump-
tion from repetitive start-stop cycles, and to work only with an experienced supplier in this 
specialist domain. 

Working arrangement of a heat pump. 
Source Info Energie Rhone-Alpes

Principle of pulsed air fl oor heating where 
fi nned tubes transform cold air into hot air. 
Source: Escal'Architecture.

321

4

between 2 and 6COP

1: Energy source — air, water or earth
2: Heat pump
3: Heating circuit — hot water
4: Electric energy
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Refreshment systems
If the climate and production constraints permit, a refreshment solution can be used (like 
Cartoffset). These systems, generally called adiabatic refreshment, take external air through a 
humidifying unit, and the evaporated water refreshes air injected into the building. The positive 
air pressure of the workshop leads to a regular renewal of internal air. These systems have 
relatively low energy consumption but their effi ciency depends on the external air temperature 
and its original relative humidity (RH). The temperature of the injected air cannot be preset, 
only the debit can be controlled. For health reasons the water cannot be circulated in a closed 
loop and purges are periodically programmed, which increases water consumption. Cooled air 
is circulated via textile membranes (socks) with sheaths and blowing grids, or multi-direction 
plenum blowers. Because the air is humidifi ed it can eliminate the need for a dedicated moistur-
ising system. Plants in temperate zones frequently combine refreshment in printing and fi nish-
ing areas with air-conditioning of prepress and IT servers. Some suppliers propose reversible 
solutions with a rooftop unit that provides refreshment in summer, free cooling (fresh air with-
out humidifi cation) in spring and autumn, and in winter injects air pre-heated by a gas heated 
exchanger. Adiabatic systems (unlike heat pumps) do not use refrigerants that contribute to 
climate change.

Destratifi cation units are installed to ensure homogenous workshop temperature. These need 
to be placed with caution to avoid creating disturbing air draughts. Laminar fl ux technologies 
combine good performance with low noise when compared to air beating and fans. 

Thermal Modelling Simulation 
A thermal simulation (see page 63) can be made to help select the most appropriate solution 
for a given geographical location. This will estimate the maximum temperatures and number of 
days per year during which they are exceeded. This type of study allows an air-conditioning sys-
tem to be correctly dimensioned and its energy consumption evaluated related to the internal 
temperature set point. Air-conditioning energy consumption is directly linked to the tempera-
ture set point, for example increasing this temperature by 1°C to 26°C (instead of 25°C) or 4%, 
decreases air-conditioning energy consumption by 5-10%.

Ventilation
Air needs to be renewed in a building in relation to the number and activity of people there. 
Natural ventilation is related to the site, geographic parameters and building design. There are 
several options for Mechanically Controlled Ventilation. These issues are addressed on page 60. 

Aerotherm heat pumps can be a source 
of noise nuisance and, consequently, 
their installation points need to be con-
sidered. Generally, installations are 
suitable for treatment of large air vol-
umes; heat pumps are used to control 
workshop temperatures and sometimes 
those of offi ces. Small volume zones like 
IT servers and CTP usually use split air-
conditioning. 

Destratifi cation units help to ensure 
homogenous workshop temperature.
Source: icmPrint.
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Internal Air Quality — Health
Internal air quality depends upon the emissions of substances in the atmosphere and the fre-
quency of air renewal. 

Printing activity is a principal source of many emissions: cleaning solvents; certain inks, coat-
ings and glues (offset inks are not emission sources at ambient temperature); IPA alcohol; and 
set-off powder that needs to be treated and evacuated to the exterior. Ozone generated by UV 
dryers, ammonia from certain acrylic coatings, VOCs from heatset dryers, fl exo and gravure 
printing, and some hot melt glues. It is essential to follow the applicable local regulations. The 
exhaust network needs to be optimised to avoid pressure losses and to allow for the possibility 
of installing heat exchangers to recover energy and provide suffi cient fl exibility if presses are 
added or locations changed. 

Cleaning solvents are available with a low vapour pressure (low evaporation) to avoid emis-
sions of chemical composites in the workplace. The reduction of IPA has reduced emissions in 
the pressroom. All products and used cleaning cloths need to be stored in closed containers.  

The workshop needs to be ventilated to ensure staff comfort and avoid the risk of accumulation 
of chemical product emissions. The rate of air renewal depends on several parameters, includ-
ing the volume of the area concerned and the activities in it. As a generalisation, a sheetfed 
offset pressroom should renew its total air volume 3-5 times per hour. It is essential to dimension 
equipment to conform to local regulations. In France, for offi ces with less than 25 m3 (880 ft3), a 
minimum air renewal rate is 25 m3/hour. Particular attention needs to be made to the location of 
incoming and exhausted air to ensure no cross-contamination or discomfort to staff. 

Internal Air Quality — Production
Good printability of paper and plastic substrates requires low static electricity and the absence 
of deformation. A relative humidity of 50-55% with a temperature of 20-25°C is considered the 
ideal operating environment. Frequently, a humidifi cation system is installed and its specifi ca-
tion should be considered at the building design stage (this may have a positive impact on air-
conditioning because the pulverised air evaporates and creates a cooling effect). Some cooling 
systems, like the adiabatic solution at Cartoffset, dispense with the need of separate humidifi ca-
tion. When selecting a system it is important to consider health issues such as the absence of 
germs from pulverised water. 

Certain packaging or printed electronics may require additional constraints such as a clean 
room production zone that guarantees the absence of dust and other contaminants. If a com-
pany plans this type of activity then their building needs to be planned accordingly.

Pure Impression extraction system. 
Source: icmPrint.
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Compressed Air

Compressed air’s poor energy effi ciency (of 10% et 20%) makes it essential to minimise its op-
erating cost. The ATEE (Association Technique Energie Environnement) estimates that the total 
operating costs of an installation over 5 years is 75% for energy, 13% investment and 12% main-
tenance. 

Compressors should be sized as closely as possible for the required load; due to electric mo-
tor ineffi ciencies, it is uneconomic to run them for long periods at low loads. The fi rst step is 
to analyse the principal uses and consumption profi les to correctly dimension the installation 
needed, along with the needs and location of each machine in the new plant, and probable 
future development. 

Energy consumption can be reduced by about 33% by centralising compressed air generation, 
andon-demand sequence control saves 5-20%. Centralisation makes maintenance, noise in-
sulation and heat recovery easier — about 70% of electricity consumed is turned into heat. If 
plant-wide centralisation is not possible, then install a single system in each department with 
automatic closure of the air system when switched off. Ideally compressors should be fi tted 
with automatic shut-off valves and an additional shut-off valve should be added for units using 
very high pressures.

The base debit is usually provided by one or more non-lubricated centrifuge compressors. Mod-
ulation effi ciency comes from a central variable speed screw compressor that is automatically 
controlled to ensure it operates with a minimum load of 20% to optimise energy consumption. 
Installing a back-up compressor is essential. 

The installation should not be situated too far from the consumption points to reduce piping 
pressure losses, be accessible for maintenance, and be protected from frosts and temperatures 
over 40°C (104°F). The air intake should be oriented to the north to draw air that is as cool as 
possible (protect inlets from wind and rain). The installation needs acoustic control to prevent 
noise nuisance to staff and neighbours. 

Energy minimisation also requires the limitation of pressure loss and effective sealing. Pressure 
loss is related to the length, diameter and nature of piping. Short, straight, large and smooth (low 
friction) sections minimise pressure loss. System sealing depends on the competence of the 
installer and the selection of valves and joints. Air leaks lead to pressure drops that are compen-
sated by increasing the pressure to maintain operating functionality, so the system should be reg-
ularly inspected — ATEE estimate a 3 mm (0,12 in) hole in a 7 bar system costs about 3000 €/year. 

Compressor installation at IROPA. 
Source: icmPrint.
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Lighting

Defi nition of needs
Natural light is fundamental to both energy consumption and visual comfort. Effi cient arti-
fi cial lighting is essential for night work, and may be a preferred condition by some printers 
wanting consistent lighting and/or to prevent fogging of UV sensitive plates and inks (cases 
Shimizu, Cartoffset and PDI). Lighting needs are dependent on the activity and zone concerned. 
The average lighting in an offi ce is around 500 lux, while in the pressroom this should be around 
1000 lux, reducing to 300 lux for storage areas, and 100 lux for pedestrian corridors. The refl ec-
tion value of fl oor and wall surfaces can be vastly different and will impact on lighting effi ciency. 
General lighting issues are covered on pages 58-59. 

Artifi cial Lighting Technologies
These are currently fl uorescent tubes, LED lamps, and in offi ces compact fl uorescent lamps 
(CFL). Other available solutions include sodium and halogen technologies. 
To select the most suitable solution, the following characteristics need to be considered: power, 
light fl ux (low or discharge), light effi ciency (relation of fl ux to power), economic lifetime (that 
the lamp meets defi ned quality criteria), colour temperature, colour rendering index (essential in 
pressroom). In offi ces, the aspect of direct and indirect lighting needs to be considered. 
Some companies operating multiple shifts have windowless pressrooms to use “daylight” fl uo-
rescent tubes with a temperature of 5000°K. While this ensures identical colour perception, it may 
have an impact on employees’ vision and wellbeing, and may not conform to some regulations.  

Lighting Optimisation
Energy consumption can be minimised by:
1. Building design that maximises daylight  — see page 58.
2. Choice and maintenance of lighting 
3. Control systems. 
Fluorescent tubes should only be used with electronic ballast because they use signifi cantly less 
energy and last longer than tubes with ferromagnetic ballast. Some companies have completely 
replaced fl uorescent tubes in their workshops with LED modules for technical-economic reasons,

Source: ADEME- "Lighting of Common Areas"

Installation of an LED ramp dedicated to a press at 
Grafi caUlzama. Source icmPrint

It is also important at the time of design that lighting maintenance should be considered. The 
cleaning and replacement of lamps and their associated refl ectors need to be made easily and 
without excessive cost (avoid systematic use of a lift). Do not install light fi ttings directly over 
presses because they will accumulate dust that will fall on to the presses.

The three types of lighting control systems can co-exist in the same building to address different 
needs: 
1.  Manual with a simple switch or a push-button that turns-off automatically after a given time.
2.  Presence detectors that can automatically switch lights on or off, or reduce lighting levels 

depending upon the presence in the zone concerned. The timing needs to avoid too frequent 
on-off cycles that can reduce lamp lifetime. 

3.  Daylight light detection systems adjust lighting intensity to the changes in daylight to 
provide a consistent and comfortable light with important energy savings. 

Technology Tube fl uo T8 Tube fl uo T5 Compact fl uo LED lamp LED module
Light Effi ciency     

Colour Temperature     

Colour Rendering Index      

Lifetime     

Resistance to On-Off Cycles     

Possible Light Variations     

 = low,    = moderate,      = good     
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Water

While printing has low water consumption compared to other industries, reducing consumption 
is nevertheless an environmental priority. 

Sanitary Water Consumption
The bulk of water use for most printing sites is by its occupants for showers, washing and 
toilets. The fi rst point, therefore, is to make staff aware of effi cient water use, to install auto-
matic cut-off devices, push-button taps, and double-fl ush toilets. Weekly consumption monitor-
ing allows early warning of a leak — check the water meter when there is no activity at the site 
to confi rm there is no leakage. 

A second approach is to recover rainwater to use for fl ushing toilets (if regulations permit). 
Case study companies like Iropa and Azaprint have obtained a water reduction of around 50% 
of non-drinking water. This approach needs to be integrated at the building design stage (see 
page 62) because it infl uences items such as the roof, water storage and the use of separate 
water distribution pipes to WCs. 

Industrial Water Consumption
A principal source of offset process water use is plate rinsing. The elimination of the plate de-
velopment stage removes associated water rinsing. No/low chemical plates allow the use of a 
‘dry’ CTP that requires no water supply or evacuation. When this plate type cannot be used, then 
a closed circuit rinsing system can reduce water consumption by 90%.   

In screen printing, the greatest water consumption is in screen recovery. Effi cient closed circuit 
systems are available for this use. 

Monitoring dampening quality is a fundamental offset procedure. Measurement of public water 
quality at a new site is essential. It should be done over several days because its quality can 
change when the distributor switches between surface and underground water, and intermedi-
ate storage. A constant water supply quality can be guaranteed with a reverse osmosis treat-
ment system that can also be used for an atmospheric humidifi cation system. This system needs 
periodic inspection to ensure there are no leaks or clogged fi lters.

Periodic general verifi cations of potential water leaks need to be made, e.g. fi re extinguishing 
system and associated water storage, chilled water for presses, and adiabatic refreshment.

Iropa monitors the water consumption of its different 
systems for drinking and harvested rainwater. 
Source: icmPrint.
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Site selection and planning
“At this earliest phase of the project there are options to substantially reduce 
energy and water use, and improve environmental quality inside the future building. 
These exterior options have an impact on what happens inside a building. 
“Climate zone substantially impacts green buildings. Differences in climate will affect 
all aspects of a building design, construction materials, orientation, windows, heating, 
moisture control.
‘Green Building Illustrated’ Francis D. K. Ching & Ian M. Shapiro

Factors infl uencing site location for a sustainable factory

A key to sustainable construction success lies in the organisation, motivation and competen-
cies of its participants. The fi rst step is to defi ne and select the team who will be responsible 
for the project. The intregration of eco-construction as a central element of the project requires 
from the team specifi c input that will infl uence site selection:
1. Climate and meteorological conditions?
2. Major risks?
3. What size of building is required? 
4. Extend current facilities or move?
5. Site potential — rural, semi-urban, urban; brownfi eld, greyfi eld, greenfi eld? 
6. Access routes to the site?
7. Financial and investment strategy? 
8. Administrative and regulatory requirements to conform with?
9.  Construction life cycle. How to organise the cleanest construction possible, with the least 

impact on the environment? 

1: Climate factors infl uencing site selection and construction
Climate factors that impact directly, or indirectly, on the act of construction include:
• Global and continental climates
• Cloud cover and hourly sunlight
• Temperature
• Precipitation
• Wind
• Infl uence of water, land relief, vegetation and constructions on the micro-climate. 
These parameters are also fi nancial constraints and their technical issues need to be consid-
ered from the inception of a project.

Source: Escal'Architecture.

CHAPTER

5
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The shape of a building’s roof 
and its orientation signifi cantly 
infl uence ventilation. 
Source: Escal'Architecture.

Infl uence of topography, exposure to 
sunlight and wind (*the Foehn is a dry, 
warm, down-slope wind in the lee of 
a mountain range). 
Source: Escal'Architecture.

2. Air fl ows: Prevailing wind(s) can signifi cantly affect a building’s energy effi ciency, e.g. a 
sheltered building may consume around 10% less energy than an exposed one. Other natural 
elements that can have an impact are trees providing summer shade that can reduce building 
cooling energy by around 15%, or if the building is in a hilly area. 

The ventilation potential of a building varies with both its orientation and the shape of its roof. 
The angle of the roof can change its performance by up to 30%. Similarly, for two identical build-
ings, if one is raised 1.5m higher it is better ventilated — this confi guration can be interesting 
for an extension.  

Impact on energy effi ciency and comfort
The external meteorological climate has a signifi cant impact on a building’s energy effi ciency 
and comfort. It is important that from the beginning of the project all relevant external param-
eters are considered in evaluating site selection and future building. 

The sun is a fundamental factor as its seasonal variations determine natural light and tempera-
ture conditions at a given location over the year — these are modifi ed by wind and shade. Good 
design facilitates solar optimisation to reduce artifi cial lighting while improving heating and 
cooling effi ciency.  

Construction of an effi cient eco-energetic building is infl uenced by three elements:
1. The site: The building should be as compact as possible and oriented to face the equator. 
Windows in the northern hemisphere should be oriented south, and the reverse for the southern 
hemisphere. Window openings should be reduced the closer the site is to the equator. Loading 
doors in the south or west of a building will minimise heat loss from open loading doors in the 
northern hemisphere. 



48 LEAN & GREEN SUSTAINABLE PRINTING PLANTS - icmPRINT/IDEP

3. The building envelope: The structure will be infl uenced by local resources and construction 
materials, along with those that are readily available from elsewhere. Locally sourced materi-
als provide much better transport energy effi ciency. Architectural techniques to enhance the 
construction include the selection and use of materials, their durability, and geological charac-
teristics that help control temperature. 

The multiple demands made 
on the building’s envelope.

Source: Escal'Architecture. 

2: Analysis and integration of major risks at conception
Climatic conditions are diverse and tend to change. It is important to consider their evolution 
and the increase in meterological phenomena, particularly related to climate change. 

Phenomena to be addressed fall into two categories: 
Natural risks: Storms, cyclones, hurricanes, fl oods, drought, forest fi res, earthquakes, land-
slides and other geological faults. Construction standards are adapted to minimise identifi ed 
natural risks. Climate change is leading to unusual weather in unexpected places, for example 
fl ash fl oods from intense high volume rainfall in a short time period. Case study examples are 
Shimizu and Pure Impression. 

Anthropic risks: Created by man — includes pollution, nuclear reactors, dams, dangerous 
transport, underground quarries, etc. Specifi c organisations identify man-made edifi ces and 
evaluate risks around a proposed construction and recommend appropriate measures. 

These factors are integrated into urban policy and regulations that infl uence construction. 
However, a given piece of available land may have its own specifi c characteristics.

3: What size of building is required? 
The decison to stay or move is determined primarily by the surface area required by the compa-
ny for the next 5-10 years. This requires a careful needs assessment that is outlined in Chapter 3. 
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Lokay’s 1967 building was completely rennovated and 
extended in 2014. Source: Lokay.

Shimizu moved to a new building because the old 
location was unsuitable and too small for its evolving 
needs. Source: Shimizu.

4: Extend current facilities or move?
Renovate and/or extend the current site?
If there is suffi cent room then the existing site can be renovated or extended. The advantages 
include continuity of production, no need to move machines, remaining on an established site 
for customers and staff. Disadvantages include managing disruption during construction work 
and compromises arising from utilising the existing structure. The case studies for Lokay in 
Germany and Postycards in the US demonstrate that this can be a successful strategy.

Move to a new site?
If there is not enough room to extend, or if the current building is not viable to be renovated, then 
the alternative is moving. Other factors may be that the current site has limited freight access, 
and/or that the surrounding area has developed with a strong residential or cultural identity 
incompatible with a printing operation — this could mean an increase in the value of the site as 
an incentive to move. 

Moving is a more complex decision as the choices are wider. Either to rent or buy an existing 
building like PDI in Canada, or opt for a completely new construction like Shimizu in Japan, or 
Azaprim, Cartoffset, and Pure Impression in France. Access to the new location for staff and 
customers is a key issue.

A new site is generally built in parallel with continuing operations at the old one that are only 
switched over when construction is complete. Moving presses and other complex equipment 
from one site to another can be very expensive. If existing equipment is relatively old then new 
machines are often purchased. The was the case for Cartoffset, who replaced three presses at 
their old facilities with only two new ones when they moved.

5: Site potential 
The range of locations includes urban, near-urban or rural, using greenfi eld, brownfi eld or grey-
fi eld sites. The proposed printing plant size and confi guration will determine the potential of a 
site to be evaluated. The maximum allowable construction area on the site should be deter-
mined to identify long term potential  — even if not planned for building in the mid-term. 
Some government and environmental organisations prefer installations on previously devel-
oped areas that are either abandoned or under-used, thereby regenerating urban areas while 
avoiding construction on ‘greenfi eld’ agricultural land. Existing sites are classed as either 
uncontaminated ‘greyfi eld’ or as a ‘brownfi eld’ that has some contamination to be treated. 

Dense urban zone: The connection of the business within the urban fabric needs to be estab-
lished. The quality of its integration and industrial image in a city, along with good client access, 
are positive investment factors. Land cost, noise, congestion and limited freight access may be 
more negative.

Near-urban zone: The relationship between the urban area and an industrial activity needs to be 
analysed. The goal is to create a balance of factors. 

Rural zone: Access to the site and available services are key factors. Greenfi eld sites often 
require greater attention to protecting the natural environment and vegetation.

Reconversion, extension, transformation or delocalisation can be applied to each of these 
zones. The key is to make the architect and general contractor aware of these questions with 
a view to creating a building adapted to the site that is bioclimatic, sustainable, ecologically 
sound and economic.
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6: Access infrastructure 
Access is a key factor when choosing between an existing building or selecting a new site. 
Evaluate the priorities and parameters for:
•  Road — connections to freeways, national and secondary roads; limitations on truck height 

and/or weight; adequate parking 
• Rail — access and appropriate freight services
•  Soft access — for pedestrians, bicycles, car sharing — particularly of interest for employees 
• Public transport — for staff commuting and some customer visits.

7: Financial and investment strategy 
Financial conditions infl uence site selection and construction possibilities. It is essential to set 
a budget limit that does not exceed the assumed investment value and conditions. The budget 
determines the construction choice, facilities, fi nishes, and extension capacity.
There are several building fi nance options for the printing company, each with variable risks 
and  benefi ts:
•  Rental of a new or existing building  — case study example PDI Quebec. 
•  Lease-purchase where after 7-12 years the ownership passes from a fi nance company to 

the leasor. Case study example Azaprint. 
•  Split ownership where the site and building are the property of the print company owner 

(or other investor), which then rents the building to the printing company. This is strongly 
infl uenced by national taxation policies.  

•  Single ownership of the land, building and equipment. 
A sustainable building may qualify for fi nancial incentives from government bodies (intra-na-
tional, national, federal, regional or local). These usually require an early application that should 
be integrated into the project planning. 

8: Regulatory requirements
While national requirements differ, they tend to have many similarities, with three types of legis-
lation to be considered in a new construction or renovation  project — building, working (safety 
and health) and environmental codes. 

9: Construction life cycle 
A sustainable project is not simply what is visible. The life cycle of a building has several phases 
that start with the extraction of the primary materials for building, the manufacture of its con-
struction components, site preparation, waste, construction and commissioning, through to 
its selective deconstruction and end-of-life and restitution of the site. Azaprim is a case study 
example of this approach. 

Administrative
and technical

manager

Architectural
and engineering

concepts

Product 
manufacturers
and suppliers

Constructor /
Installer

User

Service
suppliers

Public
authority

Financier Assurance

Owner

Primary
contractor

Common mistakes when selecting a site*
 1. Too much attention to land costs and not enough to site development costs.

 2. Inadequate assessment of natural factors on potential construction effi ciency.  

 3. Failure to consider future availability of energy sources. 

 4. Overlooked requirements and incomplete investigation.

 5.  Underestimating the importance of site access for customers, staff commuting and logistics.

 6. Failure to look to long-term needs rather than just short-term.

 7. Underestimating moving costs — particularly of presses and other complex equipment.

 8.  Prejudices of management to site location overriding analysis of factors and 
  co-ordination with all stakeholders. 

 9. Moving to areas that are or will be over-industrialised.

 10. Unattractive new community facilities, services, cultural and educational standards.

  (*developed from “Print Plant Layout & Facility Design”)
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Site selection check list* 
Factors infl uencing the choice of one site over another.

Evaluation
o  Physical attributes of site: Relief, underlying hydrology, dominant wind direction, exposure 

to sun, and urban plan and surroundings (residential, commercial, industrial). 
o  Natural and anthropic environmental risks.
o  Contamination assessment of developed brownfi eld sites.
o  Greenfi eld sites need attention to protect the natural environment.
o   Freight transport access and any restrictions (height, weight, times).
o  Access for staff and customers — public transport, bicycle routes, journey times for key staff.
o   For new industrial zones get site commitments in writing before purchase — timing and cost 

for utilities connections, road access and common services.  
o  Check with other companies in prospective location to identify any local problems.
o   Who are the neighbours — are their activities and buildings compatible with your plans?
o  Availability of emergency services in area. 
o   Local amenities (restaurants, hotels, shops, etc).

Utilities
o  Availability and capacity of electricity, water, gas, sewerage, data services, waste disposal. 

Check gas and water pressure, water quality. 
o  Underlying geology, test drill if considering groundwater heat exchanger before committing 

to purchase/construction. 

Construction
o  Check load-bearing capacity of the soil that must be capable of supporting concrete pads 

and heavy machines. Sensitive areas may require piling or other specialist preparation.
o  Plan the best time of year for construction, e.g.  frost can be a signifi cant problem for con-

crete. 
o  Local sources of construction material.

Community regulations & relations
o   Planning and special conditions relating to site and adjoining areas: nature conservation, 

pollution control, environmental regulations, freight access and parking. 
o  Are roads public or privately owned?   
o   Local taxes.

Future growth
o   Is there enough space to extend for longer term needs?
o  Determine maximum allowable construction area to identify future expansion potential on 

the site — even if not planned for building in the mid-term. 
o   Adaptability of building design for future expansion. Check cost of building more space than 

required for the initial programme; cost may be marginal and the extra space can be rented 
out to recover it.

Moving into an existing larger building?
This may be an option if a suitable site location and building can be found. An essential question 
is the potential operating effi ciency while rental/purchase cost is secondary. Some considera-
tions:
o  Test drill to determine subsoil load-bearing properties. 
o  Age and condition of building — does it meet current and announced regulations?
o  How environmentally effi cient is it — particularly insulation, HVAC energy consumption?
o   Is the location suitable for staff and suppliers?
o  Cost and time to transfer production equipment to new site. 
o  Total annual operating costs (taxes, maintenance, HVAC, energy and insurance) vs cost of 

purchase or lease. 

(*developed from PIA “Print Plant Layout & Facility Design”)
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CHAPTER

6
The Greener Building
“The integration of environmental considerations, at both the architectural and 
urbanisation project levels, will necessarily strongly infl uence the habits and 
techniques of conception. It goes beyond research that is simply focussed on 
performance optimisation to a multidisciplinary approach between professionals 
...we can therefore consider that a bioclimatic approach requires this constraint 
to become a driving element of the design concept".
Pierre Fernandez et Pierre Lavigne ‘Concevoir Des bâtiments Bioclimatiques – Fondements Et 
Méthodes’.

 A “Greener” Construction 
The purpose of this section is to introduce concepts to improve understanding of some of the 
underlying issues and concepts of green building projects. It is highly recommended also to 
read some of the excellent books on the subject. 

There are many terms attached to “green’ building, such as eco-construction, sustainable, 
renewable, passive and bioclimatic, et al. What is important are the procedures and methods 
applied. An architectural bioclimatic approach consists of obtaining the best balance between 
construction, the environmental climate and the comfort of the people working there. This 
approach is a method to:
•  Optimise natural air circulation and solar radiation in order to maintain agreeable internal 

temperatures. 
• Facilitate the best natural lighting.
• Reduce overall energy needs.
• Control humidity.
• Improve working conditions and the health and productivity of users of the building.

A bioclimatic construction takes into account the shape of the building, its integration with 
the site (orientation of sound, wind, sun), the compactness and organisation of zones and 
openings, and it guides the selection of materials. It uses natural resources like the sun, wind, 
rain and vegetation to providing renewable utilities that are available at the site or close by. 
This approach tends to preserve biodiversity, favours soft transport and prefers local resources 
and energy.  

The conception of a new or renovated “lean and green” printing plant should be made with the 
objective of being “intelligent” or “smart”, and be executed with common sense. It is important to 
integrate the various participants in such a project and allow them the time necessary to fulfi l their 
roles. The completion time of a building depends upon the approach and process, usually taking 
between 12 to 24 months

An organisational 
diagram that shows 

the principal of how multiple 
disciplines work together. 

Source: Escale‘Architecture.

‘Concevoir Des Bâtiments Bioclimatiques – 
Fondements Et Méthodes’ Pierre Fernandez 
et Pierre Lavigne, Le Moniteur.
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Shape, Size and Organisation 
Compact buildings with simple shapes are the most effi cient in terms of energy consumption 
and construction costs. A building’s size is defi ned by its internal spaces and workfl ow (see 
chapter 3). 

The fl oor area should be as compact as possible, and can be further minimised by moving non-
conditioned spaces outside the thermal envelope. For example, zones that are only occasion-
ally used should be placed on the northern (cooler) side of the building (compressors, ancillary 
equipment, storage, etc.). In addition, the creation of ‘buffer spaces’ (staircases, storage zones, 
and corridors) on the northern side will further contribute to energy reduction and minimise the 
impact of coldness on the comfort of staff.  On the other hand, zones like offi ces and the canteen 
should be on the south side of the building to benefi t from better natural light and heat. 

The relationship between the height and length of a building needs to be balanced: the total 
surface area of the walls and roof determines the interplay between the external and interior 
environments, and has a direct relationship to energy required for heating and cooling. Simple 
square or rectangular shapes minimise total surface area; this increases (for the same area) by 
around 20% for a square with a courtyard or a U-shape, and by 40% for an L-shape.

The type of roof will also have an impact on the building’s surface area and energy performance 
(see page 47). Pitched roofs with internal attics have a high risk of poor thermal performance 
and should be avoided, cathedral roofs can be challenging to insulate. Flat and low-sloped roofs 
can be thermally more effi cient. Generally their insulation is above the structural deck to avoid 
ventilation and degradation issues. They may be covered with vegetation to act as a ‘cool’ roof, 
to minimise heat island effects, provide insulation and prevent storm water run-of. Flat roofs 
have risks of snow build-up, water stagnation and penetration.

Door and window openings need to be positioned and dimensioned to provide natural lighting, 
and also to frame interesting external views that enhance the work environment. 

Orientation and Openings
The orientation of the building and the arrangement of its openings also infl uence energy 
effi ciency. A badly oriented building can consume 12% more energy than a well protected one; 
planting deciduous trees close to a building can improve energy performance by 18% (solar 
protection in summer and solar gain in winter). Solar panels should be clear of any obstacle 
that masks them from sunlight in any season. In order for a building’s walls to receive a minimal 
quantity of solar energy they should incorporate north-south façade orientations (the alterna-
tive in the southern hemisphere). Orientation determines the solar gains in summer and winter, 
as well as the natural air ventilation potential from prevailing winds. The intensity of the sun 
may require some external protection such as slats, blinds or external/internal sliding shutters.

‘Green Building Illustrated’, 
Francis D. K. Ching & Ian M. Shapiro, Wiley 2014

High quality white ‘cool’ roofs refl ect 
about 80% of the sun’s energy. This one 
is installed at Cartoffset in France. 
Source Geoportail. 

Solar panels should be clear of any obstacle that masks 
them from sunlight. Source Postycards.
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Building Envelope

The building envelope is critical in determining the amount of energy needed to heat, cool and 
light it. Roofs, walls, windows, foundations, and air leakage are the elements that strongly in-
fl uence heating, cooling and ventilation loads. A high performance envelope in a cold climate 
requires 70-80% less energy to heat than the current average building in OECD countries, 
while savings for cooling in hot climates range from 10 to 40% (IEA).

External — Concrete, Steel, Wood . . . 
The primary function of the external building envelope is structural. The mass of the materials 
used provides a certain inertia that manages variations of temperature and thereby contributes 
to insulation functionality. This is why the choice of structure is a determining factor in sustain-
able construction. The outer envelope provides protection against moisture and thermal loss, 
but this can be undermined by problems arising from infi ltration and thermal bridges. 

•  Infi ltration: Exchange of air between exterior and interior  — poor sealing around doors and 
windows (and their frames), openings (for piping, connections, vents, fans), cracks of all 
types. These are problems of installation. 

•  Thermal bridges: Cause of signifi cant heat loss when non-insulated solid materials allow 
heat to pass between the outside and inside. This is a problem of conception.  

Construction materials for a bioclimatic building have a signifi cant impact on its ecological foot-
print, energy consumption and staff comfort. Materials need to permit the rapid absorption, 
storage and restitution of heat. It is also important to use materials that have the least impact on 
the environment, both in the building’s construction and eventual deconstruction. 

There are three main construction methods, within which many construction systems can be 
created:

Concrete
Reinforced concrete with steel included in its mass permits large and regular surfaces to be 
created. It uses a construction principal of post and beam, and as slab or ceiling. This wet 
construction method requires drying time. 

Timber
There are two timber construction systems — wood frame and solid timber. It is possible to 
use either a post and beam type platform-frame (see drawing) or solid supporting panels. 
Timber construction permits some fl exibility in the internal space distribution and positioning 
of window bays. Techniques such as glue-laminated timber allow wide supporting spans to 
provide large uninterrupted surfaces. A mixed concrete-timber construction combines the 
advantages of a stable foundation with a light timber frame that is rapid to build. Assembly time 
is faster because the timber is prefabricated in a factory. Timber is a dry construction method. 
The timber resource in France is under exploited, with an estimated forest harvest of around 
42 million m3/year compared to a potential maximum of 86 million m3/year.

Metal
Metal is an industrial age material that uses a technique similar similar to timber frame — it is 
also a dry construction method, Steel allows a high degree of prefabrication, easy re-utilisa-
tion and renovation. It is lightweight, fl exible, has a long lifetime and easy to ease of assembly. 
Around 70-80% of framework is made in workshops. 
Steel is 100% recyclable without any modifi cation to its original properties. Recycled steel meets 
about 40% of the world’s production (Worldsteel), which represents an important economy of 
raw materials. 

Example of an extension made in concrete in Italy. 
Source: icmPrint.

Evolving and 
Modular Organisation
The construction method and design 
may, or may not, allow for a viable fu-
ture modifi cation or extension. This is 
why it is important to know if the antici-
pated construction method is suitable 
for an extension or an additional fl oor. 
Does the spatial organisation allow 
the building to be converted to another 
activity (reorganisation, internal walls, 
structure, orientation)? A sustainable 
building should have a balance between 
potential for modifi cation, economics, 
optimisation of construction materials 
and distribution of internal spaces. This 
type of building aims to reduce as much 
as possible its impact on the surround-
ing environment.
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Inner Envelope
This is a potentially weak area that needs attention according to the type of external envelope 
selected. For example, use insulation with rigid surfaces on both sides to avoid damage and air 
leakage; ensure all holes are sealed before installing insulation to minimise air leakage; avoid 
recessed lights that may cause air leakage; and avoid attics and basements because these are 
thermal risks. 

Windows and Doors
As well as providing natural lighting, windows importantly offer views and contribute to peo-
ple’s health and productivity. In the northern hemisphere, windows should face south, or north 
and south (particularly in warmer regions). Windows overall energy effi ciency is infl uenced by 
number, size and shape, the type of opening, and quality of installation. A window’s U-value is a 
good indication of its performance. New dynamic solar control window technologies now allow 
for both passive heating in winter and shading in summer.

While windows provide desired natural light and views, they can also contribute (along with 
doors) to substantial thermal loss, glare and draughts. It is a priority to use high effi ciency 
windows that are optimally placed and well sealed at installation. For the same opened area, 
fewer large windows are more effi cient than many small windows. Minimise heat loss by put-
ting windows only in regularly occupied spaces. The capacity to open windows has been found 
to be effi cient and to signifi cantly increase the comfort of staff with their greater tolerance for 
temperature variations. However, this may be detrimental to mechanical ventilation effi ciency. 
Multiple small side or top windows that are regularly spaced provide an even light over a given 
space. Note that if their number and size becomes too large they may lose more heat energy 
than is gained from the associated reduction in artifi cial lighting. Potential lighting energy sav-
ings have decreased with modern high effi ciency lighting technologies. 

External doors are opened more frequently than windows and, therefore, their closing mecha-
nism should be robust and airtight. To reduce energy losses it is recommended to minimise the 
number of external doors and avoid sliding, double and glazed external doors. Ensure frames 
are correctly sealed and use weather strips to minimise water penetration and draughts. 

Natural light can be a feature 
of even very large areas. 
Source: icmPrint.

What is a U-value?
U-value or U-factor is the overall heat 
transfer coeffi cient that describes how 
well a building element conducts heat 
— its windows, walls, roofs, etc. The 
higher the U value the worse the ther-
mal performance of the building enve-
lope. A low U value usually indicates 
high levels of insulation. The U-value is 
a useful way of predicting the composite 
behaviour of an entire building element 
rather than relying on the properties of 
individual materials (IEA).

Air leakage and sealing
Air moves in and out of the buildings 
and this can be infl uenced by external 
wind and temperature differences, and 
mechanical ventilation systems. This air 
leakage is measured as Air Changes per 
Hour (ACH). 
Air will leak through any opening in the 
envelope (windows, doors, ducts, etc) 
and these need to be correctly sealed. 
The typical savings in a reasonably tight 
structure in cold climates is around 20-
30%. Measuring air infi ltration and the 
effectiveness of sealing is essential to 
reducing heating and cooling consump-
tion (IEA).
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Improving Envelope Effi ciency
Construction elements identifi ed by International Energy Agency in ‘Transition to Sustainable 
Buildings’ to improve heating and cooling energy effi ciency include:
•  Greater levels of insulation to achieve low installed U-values for walls, roofs and fl oors 

to reduce heat losses. 
•  High performance windows with low thermal transmittance and solar heat gain coef-

fi cient appropriate to the climate.
•  Highly refl ective white and cool-coloured roof and wall surfaces in hot climates. High 

quality white roofs refl ect < 80% of the sun’s energy while black roofs refl ect only 5-10% 
(CRRC, 2013).

•  Properly sealed structures (with tested results) to ensure low air infi ltration rates with 
controlled ventilation for fresh air.

•  Minimisation of thermal bridges that easily conduct heat/cold. 
•  Passive solar design that optimises the orientation of the building, windows, shading, 

and natural ventilation. In hot climates, low cost solutions include refl ective roofs and 
walls, exterior shades, window coatings and fi lms. In cold climates, improved building 
design and dynamic solar control of windows.

•  Integrated facade systems to optimise performance of day lighting while minimising 
heating and cooling, artifi cial light and peak loading. 

Materials And Construction Techniques
The selection of building envelope technologies are related to the climate (heating or cooling 
dominated) and whether it is for a new construction or retrofi t. The overall quality of a building 
depends on three essential elements — its thermal, acoustic and visual qualities. Each requires 
technical solutions to achieve the desired comfort level. 

 The human body as a heat 
exchanger and thermal 

capture device. (*Albedo is the 
fraction of solar energy refl ected 

from the Earth back into space.) 
Source: Escal’Architecture.
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Thermal Comfort
The human body is a heat exchanger that permanently yields heat to the environment by con-
vection, conduction, radiation or phase change. The response of the human body to this heat 
transfer process needs to be considered — even if this seems subjective. 

Good design of the walls of the building is the best method to manage thermal fl ows by combin-
ing insulation and inertia. ‘Conventional’ industrial materials, like concrete, require an insulation 
layer. Metal and timber structures may require additional material, even if insulation is already 
included in a panel sandwich, for example. In some cases it is more effi cient to apply insulation 
to external walls, while internal walls may be more effi cient in other cases. The best solution is 
determined from the combination of construction method and materials, internal and external 
fi nishes, the degree of insulation desired, and economics.  

Thermal bridges need to be treated to limit the thermal resistance between walls/fl oor pad, oth-
erwise they will lead to a local fall in temperature of the interior wall surface. Thermal bridges 
are essentially found at the plinth/pad of the building, frames around openings, joints between 
walls/ceilings, walls/roof, roof projections, balconies and other transversal elements.

The 2012 Thermal Regulation requires that buildings consume less than 50kWh/m²/year (vari-
able with region and altitude), the consequence of which requires limiting loss through infi ltra-
tion with an airtight envelope that should be tested when a wall is completed, before and after 
it is closed. Construction needs to be meticulous.

Floors and Insulation
Groundfl oor slabs can lead to thermal loss and moisture penetration. A continuous moisture 
barrier is required to stop moisture rising up from the ground, and insulated foundations and 
slabs should be considered. The slab and foundations should be protected by grading external 
areas to take stormwater away from the building, along with a perimeter drainage system. 

Thermal mass of fl oors, walls and ceilings can absorb and store heat if correctly used in an 
integrated system. 

d1  Identifi cation of a thermal bridge caused by interrupted insulation. Source: Escal'Architecture.

d2  Treating thermal bridges by ensuring continuity of insulation.  Source: Escal'Architecture.

1: Thermal comfort from heating and ventilation

2: Integration of acoustic comfort

3: Natural lighting

The perception of thermal, acoustic and visual comfort 
of a person in their environment. 
Source: Escal'Architecture.
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Visual Comfort
Natural Light
Natural light is fundamental to both energy consumption and visual comfort. Openings in the 
north side of a building provide a diffused light that that offers excellent colour rendition and 
is very agreeable. A south-facing opening permits the maximum capture of heat and light that 
contribute towards users’ comfort; however, the south façade may need sunshades or roof 
overhangs to control excessive exposure (the opposite applies in the Southern hemisphere). 
East and west facing openings should be well protected because they generally lead to over-
heating and visual impairment. 

The interaction between the size and quantity of openings in a space in relation to providing 
artifi cial light is self-evident. This is why the proportions between the presence of natural light 
and the performance of artifi cial light need to be calculated to optimise energy costs, while 
maintaining thermal comfort. There are a number of options to capture natural light or to con-
trol, or recreate, vertical or zenith lighting in deep commercial buildings: light shelves, direct or 
indirect light wells, sky domes and sheds. Light shelves bounce sunlight off a ceiling to project it 
deeper inside a building, distribute light from above, and diffuse it to produce a uniform light level.

The range of natural light solutions include:

01 Lighting from shed, skydome or light well

02 Diffused lighting from light shelves

03 Diffused lighting from vertical or horizontal louvres

04 Diffused lighting from a windowsill. 
Source: Escal’Architecture.
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Artifi cial Lighting
Artifi cial lighting complements the natural lighting of the workplace. It should provide suffi -
cient lighting while avoiding direct glare and too high light contrasts in the users’ fi eld of vision. 
Artifi cial lighting should take into account the individual characteristics of operators and assure 
colour rendition compatible with the tasks concerned. 

Correctly designed artifi cial lighting helps avoid work accidents (falls, awkward positions, etc.) 
and reduces visual fatigue. Several factors are necessary to guarantee effective artifi cial lighting:
• An appropriate choice of lighting and lamps. 
• An appropriate choice of light colour and sources according to the activity. 
• Lighting to prevent fogging of UV sensitive plates and inks.
• Consideration of the colour of walls and working surfaces to balance light comfort. 
• Correctly planned installation of light zones related to workplaces. 

Artifi cial lighting needs to be considered comprehensively at the conception of the building and 
should integrate the parameters of maintenance accessibility, energy economy, and aesthetics. 
Depending on the activity, the lighting needs to produce on average 300-500 lux. 

Comfortable lighting depends upon the nature of the tasks concerned. There are two categories:

• For tasks not requiring the perception of detail, lighting needs to be around 300 lux. 
• For tasks requiring the perception of detail, lighting needs to be 500-1000 lux.

The refl ection value of fl oor and wall surfaces can be 
vastly different and will impact on lighting effi ciency. 
Highly refl ective walls around machines and working 
installations should be avoided.

0 20 40 60 80 100 %

Highly reflective white paint

Standard white paint

Mid blue paint

Dark grey paint

Reflective concrete floor coatings

White linoleum floor

Grey polished concrete

Lighting comfort requires the absence of glare from lights. Glare can be directly in the visual 
fi eld or indirectly refl ected from surfaces and objects. No unprotected light source should ap-
pear in the visual fi eld of a worker, e.g. 30° angle over the horizontal. For staff ergonomics avoid 
highly refl ective walls around machines and working installations — it is preferable to use matt 
or satin surfaces for workbenches, machines and surrounding surfaces. 

Contrasts that are too high diminish visual effi ciency and comfort. Shadows and masking ef-
fects also need to be avoided. It is equally important to create correct colour rendition and avoid 
visual fatigue. When colour quality plays an important role in activities, lamps must be chosen to 
provide a high colour rendition index (CRI around 90). 

Finally, maintenance is essential to guarantee lifetime quality and effi ciency — removal of dust, 
cleaning of refl ectors and grills. Lamp replacement should not be too frequent and there should 
be a limited number of light types to allow rapid replacement. Choose lights that are accessible, 
protected and easy to disassemble. 

All of these considerations can be improved and controlled by devices such as:
• Lighting operated by a presence detectors. 
• Lighting timers.
• Electrical installation adapted to change to low demand tarrifs when available. 
• Control box installed in electric cabinets like le Plug&Watch® by Green that audits energy 
consumption in a building, producing an energy map to optimise maintenance and performance. 
See page 44 for more information on artifi cial lighting

Plug & Watch technology allows energy 
consumption to be measured with an in-site 
audit-analysis device. 
Source: Green Alternative.
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Ventilation Systems
Air needs to be renewed in a commercial building in relation to the number of people and their 
activity (usually prescribed by building regulations). The underlying need is to guarantee: 
• Internal building air quality — check the emissions of construction products. 
•  Correct ventilation during cold periods — check the air permeability of the building envelope.

Natural Ventilation
With a number of factors that can lead to signifi cant power losses, the organisation of natural 
ventilation in commercial buildings becomes complex.
Natural ventilation needs both a thermo-siphon and a wind effect — which are modifi ed as a 
building becomes higher and/or by its environment. Effective organisation requires an under-
standing of the site, geographic parameters (dominant winds, hot and cold seasons) and the 
design of the building. 
Doors and windows are directly linked with natural ventilation and can contribute favourably, or 
not, to thermal comfort. Windows bring natural light to the interior of a building and contribute 
to the wellbeing of its occupants, but they are also zones of signifi cant energy losses if they 
are incorrectly dimensioned, positioned, installed and used. It is judicious to place windows in 
areas that are only occupied regularly by people. 

Mechanically Controlled Ventilation MCV
Ventilation of buildings (non-residential) has four major concerns:
• Hygiene of air breathed in working areas and public spaces.
• Comfort of the occupants.
• Safety of people in relation to dust and gas concentrations, etc.
• Preservation of the building, particularly to avoid condensation.

Regulations defi ne the acceptable levels of air quality and make it necessary to extract pollut-
ants linked to:
• Human water vapour, body odours, carbon dioxide (18 litres CO2 per hour/person). 
•  Activities inside the building producing/using: carbon monoxide, industrial particles, sol-

vents, etc.
• Construction materials with VOCs, certain sold particles, et al.
• External sources including traffi c pollution, ozone, pollen, virus. 
Ventilation fl ows need to be quantifi ed and calculated in relation to the air needs of the occu-
pants.  MCV, when correctly sized and installed, minimises the loss of heating calories; however, 
it requires effective thermal and acoustic insulation. There are several types of MCV for com-
mercial buildings:  single fl ow MCV with automatic regulation (by extraction or insuffl ation), 
separated double fl ow MCV, and double fl ow MCV with a heat exchanger that uses exhaust 
air to pre-heat incoming fresh air. MCV effi ciency depends upon windows not being opened 
indiscriminately. 

Airfl ow and 
energy consumption

Up to 20% more energy can be used by 
MCV, air-conditioning and cooling tow-
ers if their airfl ow is restricted by veg-
etation or structures; by dust or pollen 
contamination of heat exchangers; or 
through blocked fi lters. Heat pumps and 
air-conditioning condensers should not 
be positioned near outgoing air that can 
re-circulate back into the unit and in-
crease its energy use.  

Source: icmPrint.
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Acoustic Comfort
The distribution of activities in a printing plant and their eventual acoustic links need to be 
carefully studied taking into account the ergonomic quality of installed equipment to improve 
acoustic comfort. See also page 31 ‘Sound and vibrations’ for more information. 

The notion of ‘acoustic comfort’ and the ‘quality of ambient sound’ of an area depends on two 
complementary facets:
• The quality and quantity of the energy emitted by the sources, and
• The quality and quantity of the sound events perceived by the listener.

When the ambient quality and comfort deteriorates, the observed effects become rapidly nega-
tive, such as a drop in work quality and productivity, confl icts with neighbouring workers, sleep 
deterioration and possibly other health problems. 

Acoustic comfort generally consists of reconciling two needs:
•  Not to be disturbed or disrupted in their daily activities by noises from neighbouring areas, 

noises or shocks from equipment (from other parts of the building), and by external sources 
(transport, passers-by, construction work, etc).

•  Maintaining environmentally sound contact from the exterior and interior (offi ce, workplace, 
machines) to ensure the ability to hear useful, safety-related, or interesting sound signals.

 
To obtain the most favourable conditions consider:
• Acoustic insulation of the workplace.
• Reduction of sound and shocks from equipment.
• Acoustic zoning responding to the specifi c tasks in certain areas.
• Internal acoustic adaptation of the work area.
• Reduction of disturbing noises within the work area.

A building project should treat acoustic comfort at different levels defi ned as:
• Spatial architectural arrangements (block plan, conception phase).
• Building acoustic insulation in respect to external noises.
• Acoustic insulation for internal noises (airborne, shocks, equipment, source of vibrations).
• Internal acoustics in relation to their intended use.
• Creation of a satisfactory external acoustic ambiance. 
If certain surfaces or technical elements do not provide minimum acoustic comfort, then absor-
bent materials can be used — e.g. foam panels, cork, rubber fl ooring, felt panels, textiles in relief. 

Sound perception paths, modulation and 
transformation. Source: Escal’Architecture.
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Water Management and Treatment

Water is becoming a scarcer and more valuable resource in many countries. It is therefore 
essential to preserve, manage, treat and redistribute. Operational water requirements need to 
be determined when designing an optimal technical installation. 

The re-use of rainwater reduces mains water consumption and helps preserve the underground 
water table. It also limits rainwater evacuation to the public drainage system during storms to 
reduce the risk of overfl ow of sanitation water into natural areas. It is important not to overlook 
the limiting factor of variable meteorological conditions and climates. 

Reliable and effi cient systems for industrial buildings comprise:
• Rainwater harvesting from roof run-off.
• Filtration and automatic cleaning of recovered water as it enters a storage tank.
• Energy effi cient pumping system correctly calibrated to redistribute recycled water.
• Signage indicating that the water is not drinkable. 
The choice of roof is a determinant — fl at or single slopes have different characteristics that 
need to be assessed for the specifi c building to calculate rainwater collection fl ow.   

Water eco-management defi nes relevant actions, e.g.:
• Using rainwater for WCs and to water green spaces.
•  Management of storm water and fl ood zones. This may include vegetation cover of roofs 

and parking areas, and the creation of landscaped valleys as natural fi lters.
• Use of permeable surfaces where possible and creation of recovery and fi lter zones.
• Prevent surface water fl owing to buildings to avoid high humidity, odours, etc.
• Select plants and trees that are suitable to local climate conditions. 

Defi nitions

Rainwater: Water from atmospheric 
precipitation that has not been contami-
nated by surface materials. 

Run-off water: Water from precipitation 
draining from a surface to an evacuation 
or sanitation drainage system, or to a re-
ceptive area. 

Harvested rainwater: Collected rainwater. 

Beaver in the grounds of 
Cartoffset in the west of France.  

About 15 000 m² of the land 
area is planted with grass and 

shrubs to absorb frequent rain.  
Source icmPrint. 

Water retention basin. Source Pure Impression.
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Design Simulation?

Simulation software is available to assess building designs for windows, lighting and heating. 
Those for acoustics may be seen as more subjective and less predictable. 

Building Energy Software Tools Directory — eere.energy.gov
The US Department of Energy, Energy Effi ciency & Renewable Energy directory provides infor-
mation on over 400 building software tools for evaluating energy effi ciency, renewable energy, 
and sustainability in buildings. The tools include databases, spreadsheets, component and sys-
tems analyses, and whole-building energy performance simulation programs. A short descrip-
tion is provided for each tool along with other information including expertise required, users, 
audience, input, output, computer platforms, programming language, strengths, weaknesses, 
technical contact, and availability

Dynamic Thermal Modelling Simulation — Case study
In 2014, the user of a 6000 m2 warehouse for pharmaceutical products wanted to air-condition 
the building. The construction plans (specifying openings, orientation, type of walls and roof) 
and Unifi ed Degree Day data were analysed by the design offi ce ALBEDO using IZUBA Ener-
gies Dynamic Thermal Modelling Simulation. Building performance was modelled using seven 
renovation scenarios with 20 variations with the current status as 0 reference. 

The impact on maximum temperature from replacement of skylights and windows with higher 
performance models, installing a refl ective roof surface, ventilation system, window occultation, 
and external wall insulation was evaluated to assess annual heating and air-conditioning needs. 

The study of the building found that it had a temperature over 25°C for 55 days a year, with a 
peak temperature of 37,5°C. The installation of air-conditioning would lead to a consumption 
of 113 000 kWh/year. In contrast, the simulation showed that making the seven modifi cations 
would keep the building temperature below 25°C for all but 11 days a year (80% reduction) and 
if an air-conditioning system was then installed, its energy consumption would be reduced by 
90%. The evaluation ensured that only effi cient building improvements would be made with a 
defi ned ROI. 

This type of study, costing 3-5000 €, depending on building complexity and scenarios, allows 
pre-project evaluation of scenarios to identify the most effi cient outcome. 

Modelling view of the impact of installing a refl ective 
roof covering compared to existing structure. 
Source: icmPrint.0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
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Refl ective white roof surface reduces the air 
conditioning load. Source: icmPrint.
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Future Printed Building Power Stations

“I’d put my money on the sun and solar energy ... I hope we don’t have to wait until 
oil and coal run out before we tackle that.” Thomas A. Edison, 1931

The sun provides enough energy in one day to power the planet for 27 years but nearly all of that 
energy goes to waste. However, a new generation of roofs and walls is under development that 
will generate, store and release renewable energy to transform building surfaces into power 
stations to deliver signifi cant environmental and economic benefi ts. 

These new materials use industrial printing and coating technologies to produce functional 
coated steel and glass building components. A leader in this domain is the joint academic-
industrial consortium SPECIFIC (Sustainable Product Engineering Centre for Innovative Func-
tional Industrial Coatings) led by Swansea University in the UK with participants that include 
Tata Steel, Pilkington, BASF, and the Welsh Government. 

Once developed, these glass and steel-based products can be manufactured on an industrial 
scale for the roofs, walls and windows of new and existing buildings to generate, store and 
release safe, clean renewable energy. They will also help eliminate the 11% of electricity cur-
rently lost in transmission.

The roofs and walls of existing buildings have the 
potential to generate twice the amount of electricity 
currently required. Source: SPECIFIC University of 
Swansea.

1:   Building integrated photovoltaics (BIPV) are 
factory applied to roof and wall sheeting to 
generate electricity from solar energy. 

2:   Solar air collector on south facing walls (northern 
hemisphere) draws warm air into the building for 
space heating. 

3:   Storage of warm air from the solar air collector 
in day-to-night and summer-to-winter modes in a 
tank supplying the heating system.

4:   Storage batteries for electricity generated by the 
photovoltaics. 

5:   Release of energy to the building via heating, 
lighting, electrical equipment and water use. 

6:   Release of energy to large area heating by 
coatings applied to fl oor tiles, walls and other 
surfaces.

7:   Water treatment of rainfall by photoactive titanium 
dioxide-coated metal roof sheeting to chemically 
break down organic contaminants. The water is 
collected, passed through a fi lter and stored for 
use in the building.

1

2

3

4
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icmPrint — The International Centre for Manufacture by Printing — brings together two indus-
try organisations to create a single not-for-profi t resource centre for best practices, technical 
advice, underlying science, and training, along with innovation development for products where 
printing plays an essential role in their manufacture. icmPrint, brings together Print Process 
Champions (PPC/WOCG) generic best practices platform with the Advancing Printing Network 
(APN) created by the Welsh Centre for Printing and Coating (WCPC) within Swansea Univer-
sity’s College of Engineering, UK. Their scope includes all printing processes for applications 
ranging from publication, packaging, security, fabrics, ceramics, polymer electronics, biosen-
sors, etc.  www.icmPrint.com

IDEP — Institute de développement et d’expertise du plurimedia — is a resource for multime-
dia professionals in France. The fi rst of its kind, this bipartisan industrial organization takes a 
holistic approach to identify solutions that impact a company's development strategy in evolv-
ing markets. IDEP develops a multi-disciplinary expertise in different fi elds such as econom-
ics, technologies, environment and training. It also encourages and supports common projects 
between different industry participants. In addition, their national network of project managers 
distribute its tools, organise conferences and workshops, and help strengthen competitiveness 
across the domain. www.com-idep.fr 



In association with

Lean & Green 
manufacturing 

improves economic and 
environmental performance 

while optimising 
the consumption 
of raw materials 

and energy.

 IDEP and icmPrint 
work in association 
to co-edit cross-industry 
best practice guides 
for the graphic industry. 

They are designed as a common tool 
for managers, supervisors 
and operators.


