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1.0 Introduction 
Irrespective of what the global economic conditions may be, the manufacturing sector remains a key part of any 
national economy; manufacturer, is a strategic enabler of growth and job creation, playing a decisive part in any 
countries socio-economic development. Manufacturing has had a direct impact on job creation by spawning 
several related production and service industries supporting its manufacturing needs. 
 
The classical breakdown of all economic sectors follows:  
Primary: Involves the retrieval and production of raw materials, such as corn, coal, wood and iron. (A coal 
miner and a fisherman would be workers in the primary sector). 
Secondary: Involves the transformation of raw or intermediate materials into goods e.g. manufacturing steel 
into cars, or textiles into clothing. (A builder and a dressmaker would be workers in the secondary sector.) 
Tertiary: Involves the supplying of services to consumers and businesses, such as baby-sitting, cinema and 
banking. (A shopkeeper and an accountant would be workers in the tertiary sector.) 
 
1.1 Major technological developments 
The commencement of the Industrial Revolution is closely linked to a small number of innovations, beginning 
in the second half of the 18th century. By the 1830s the following gains had been made in important 
technologies: 
 
1.1.1 Textiles – Mechanized cotton spinning powered by steam or water increased the output of a worker by a 
factor of about 1000. The power loom increased the output of a worker by a factor of over 40. The cotton gin 
increased productivity or removing seed from cotton by a factor of 50. Large gains in productivity also occurred 
in spinning and weaving of wool and linen, but they were not as great as in cotton.  
 
1.1.2 Steam power – The efficiency of steam engines increased so that they used between one-fifth and one-
tenth as much fuel. The adaption of stationary steam engines to rotary motion made them suitable for industrial 
uses. The high pressure engine had a high power to weight ratio, making it suitable for transportation. Steam 
power underwent a rapid expansion after 1800. 
 
1.1.3 Iron making – The substitution of coke for charcoal greatly lowered the fuel cost of pig iron and wrought 
iron production. Using coke also allowed larger blast furnaces, resulting in economies of scale. The cast iron 
blowing cylinder was first used in 1760. It was later improved by making it double acting, which allowed 
higher furnace temperatures. The puddling process produced a structural grade iron at a lower cost than the 
previous processes. The rolling mill was fifteen times faster than hammering wrought iron. Hot blast (1829) 
greatly increased fuel efficiency in iron production in the following decades. 
 
1.2 Sustainable Manufacturing 
United Nations’ definition of sustainable manufacturing  
 Sustainable “meets the needs of the present without compromising the ability of future generations to meet their 
own needs.” 
  
“Sustainable manufacturing is defined as the creation of manufactured products that use processes that are 
non-polluting, conserve energy and natural resources, and are economically sound and safe for employees, 
communities, and consumers.”  
 
Sustainable manufacturing includes the manufacturing of “sustainable” products and the sustainable 
manufacturing of all products. The former includes manufacturing of renewable energy, energy efficiency, 
green building, and other “green” & social equity-related products.  
 
A technical version of this definition is as follows:  
"Sustainable manufacturing is a systems approach for the creation and distribution (supply chain) of innovative 
products and services that: minimizes resources (inputs such as materials, energy, water, and land); eliminates 
toxic substances; and produces zero waste that in effect reduces green house gases, e.g., carbon intensity, 
across the entire life cycle of products and services." 
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To achieve sustainability, products, processes, and services should meet the challenges not only related to their 
functions and performance but also to environment, economy, and social issues. Currently, researchers from 
different perspectives using various approaches are addressing these challenges. Companies interested in 
developing sustainable products should be sensitive to sustainability-related standards, design, and 
manufacturing techniques and tools. 
 
Ensuring a sustainable future requires an integrated system of systems approach. Interlinked pathways of 
interaction at various levels characterize such systems. These levels span technical, economic, ecological, and 
societal issues. The interactions within and across these levels are critical to the fundamental understanding of 
sustainable design and manufacturing, because addressing any one of the issues in isolation could result in 
unintended consequences. 
 
1.4 Comparison of Current and Sustainable Policy Agendas 
 

AGENDA Competitiveness Environment Employment 
Current Improve Performance/Cut 

Costs  
Control pollution/make 
simple substitutions or 
changes 
 
Conserve 
energy and resources 
 

Ensure supply of 
adequately trained 
people; dialogue with 
workers  
 
Provide safe 
workplaces 
 

Sustainable Change nature of meeting 
market needs through 
radical or disrupting 
innovation (a systems 
change) 

Prevent pollution through 
system changes 
 
Change resource and 
energy dependence 

Radical improvement 
in human-technology 
interfaces (a systems 
change) 

 

Table 1: Comparison of Current and Sustainable Policy Agendas 
 

The systems approach of sustainability requires life cycle thinking. The life cycle of a product can be 
described as follows: 
• Raw material extraction and processing  
• Pre-design and fabrication of the relevant semi-finished products 
• Manufacturing and assembly of the final product  

 Transportation  
 Use   
 Maintenance 

• End-of-life operations  
 Recycle  
 Disposal 

• Waste, of any resource (time, money, energy, space, consumables, etc.) costs…..eliminate waste 
(follow Deming!) 

•  Make the business case for sustainable manufacturing by including life cycle cost of environmental 
impact 

•  Include your suppliers/distributors in this through the design process 
•  Need analytical/engineering tools (design/process plan) to enable decisions/tradeoffs 

 
Conclusion for obtaining sustainable manufacturing: 
Think globally…act locally!  
think corporate…..act departmentally! 
think department…act system! 
think system…act process! 
think process….act machine! 
think machine…act tool! (ok…ok…point made) 
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FIGURE 1: The Origins of Sustainability Problems in the Industrial State (Source: Nicholas A. Ashford) 

Agriculture 
Manufacturing 

Extraction Industries 
Energy 

Transportation 
Housing 
Services 

Consumer 
Consumption 
 

Commercial  
Consumption 
 

Government  
Consumption 

PROBLEMS 
 

Inadequate Goods & 
Services 

Toxic Pollution 

Climate Change 
Resource Depletion 

Biodiversity/ecosystems 
Environmental Injustice 

Employment/Purchasing 
P

Educational Initiatives 

Industry Initiatives 
Government Intervention/Regulation 

Stakeholder Involvement



MEM 103   Unit 1, Lesson 1 
 

Figure 2: The Dimensions of Sustainability (Source: Nicholas A. Ashford) 
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