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 Glossary

	Term
	Abbr.
	Description

	Carbon Footprint
	
	The cumulative amount of greenhouse gases emitted by the materials and processes used to manufacture a product.

	Embodied Energy
	
	The cumulative amount of primary energy consumed by the materials and processes used to manufacture a product.

	Energy
	
	Strictly speaking, energy is neither created nor destroyed but can be transformed from one type to another (the “First Law of Thermodynamics”). Useful energy in the form of electricity or chemical energy is produced or consumed by conversion from or to other forms, generally heat. The unit of energy is the Joule (J).

	Energy efficiency
	
	% Efficiency = energy (work) out / energy in x 100

	Gigajoule
	GJ
	Unit of energy (= 109 J)

1 GJ is equivalent to 0.278 MWh

	Joule
	J
	Fundamental unit of energy

	Kilojoule
	kJ
	Unit of energy (= 103 J)

	kilowatt
	kW
	Unit of power (= 103 W = 103 J/s)

	Kilowatt-hour
	kWh
	Unit of electrical energy production or consumption. 

1 kWh is equivalent to 3.6 MJ

	Life Cycle Thinking
	LCT
	Life Cycle Thinking is the process of considering the total life cycle of a product from its “cradle-to-grave”, through the production supply chain, its use, and eventual disposal.

	Megajoule
	MJ
	Unit of energy (= 106 J)

1 MJ is equivalent to 0.278 kWh

	Megawatt
	MW
	Unit of power (= 106 W = 106 J/s)

	Megawatt-hour
	MWh
	Unit of electrical energy production or consumption.

1 MWh is equivalent to 3.6 GJ

	Polymer manufacturing 
	
	Polymerization of polymers from pre-cursor chemicals, and compounding with additives to make a plastic raw material (typically in the form of granules)

	Primary Energy
	
	The primary energy is the amount of energy needed to supply the final use of energy (delivered energy). 

	Primary Processing
	
	In plastics manufacturing, refers to the main processes of converting plastics to (semi-) finished goods. 

	Process Characteristic Line
	PCL
	Method of analysing energy efficiency by plotting energy use versus production volume.

	Secondary Processing 
	
	Processes used to convert plastics parts to final products (e.g. welding, trimming, painting & drying, curing).

	Specific Energy Consumption
	SEC
	Energy used to produce a specified amount of production. Typical units would be kWh/kg (electricity) or MJ/kg (fuels).

	Watt
	W
	Fundamental unit of power, 1 W = 1 J/s

Power is the rate at which energy is produced or consumed.


Introduction

Scope

The energy efficiency of a manufactured product is largely determined during the product and process design stage, with a lesser, but still important role for process optimization and continuous improvement. This course is intended to raise the awareness, knowledge and skills of participants, providing them with the tools and ability to make significant improvements in energy efficiency over the product life cycle through design, material selection, resource efficiency, process selection and design for recycling or disposal.  

This is done by first providing a context for energy efficiency in terms of sustainable manufacturing and the reduction of environmental impacts, particularly energy use. Voluntary and legislative drivers for energy efficiency are then explained. Energy is shown to be a significant cost to manufacturers before discussing the direct impact of rising energy costs, including a possible carbon tax. The three areas of opportunity for energy saving -  product design, process design and process optimization - are introduced and it is shown that 80% of the potential savings may be ‘locked in’ at the design stage.

The concept of the product life cycle is explored with a discussion of why it is relevant to manufacturers. Tools for assessing life cycle environmental impacts, particularly energy use, are then discussed and comparative quantitative data is presented for various stages in the life cycle.

The course contains a module to explain basic energy units and conversion factors. It also includes a module on simple financial tools for comparing energy efficiency investments. Both of these modules are supported by practical workshop exercises.

The key areas of energy efficiency are approached by starting with the basics of process optimization through identifying energy use, measurement, analysis and benchmarking, followed by practical, low cost methods of saving energy. This leads into process design for energy eficiency where the same techniques can be applied but with much more scope for selecting energy efficient equipment and designing processes for minimum energy use. Relevant examples for plastics processors are provided. Finally, product design methods for energy effficiency are presented by drawing on life cycle thinking to examine energy use in the manufacture of materials, processing, distribution, service and disposal.

Case studies and workshop exercises are available to reinforce the material presented in the training modules. A series of assessment tasks are used to provide evidence of competancy.

The delivery and assessment strategies have been designed by the Australian Management Academy, which has considerable expertise in training delivery to businesses.  Each trainer is qualified in both training and assessment. 

Participant Profile  

Target participants are experienced managers, designers, engineers, production supervisors and other technical employees, working in plastics processing, plastic material supply, machinery supply, mould design, product design, and related fields. 

Delivery Strategy 

The approach is to combine Training Modules using semi-formal lecture style delivery, with illustrative examples (Case Studies), and interactive Workshop Exercises to further develop competency.

The course is designed for delivery through group sessions, with 5 to 20 participants, over 2 days. The body of the material is contained in 10 PowerPoint Training Modules, which should be presented in a way that encourages interaction through examples relevant to the participants, questions and discussion. 

Eight Case Studies have been developed and it is recommended that four to six are used for each two day course. Case Studies should be selected for relevance to the participant group and presented after the associated Training Module. They are available as short PowerPoint presentations and discussion should be encouraged.

Workshop Exercises are intended to promote group work and exchange of ideas, while applying the learnings quantitatively. They are available as worksheet handouts supplemented by PowerPoint presentations, in most cases. Participants should preferably be divided into groups of 3 or 4 to carry out the Workshop Exercises and should report back to the full group at the end of the exercise.

Generally, one Assessment Task should be completed at the end of each half day (Day 1 morning, Day 1 afternoon, Day 2 morning, Day 2 afternoon). 

The challenge is to ensure that all participants develop and demonstrate the required skills and knowledge to achieve the intended outcomes and for completion of the Competency Unit.

Some participants will not develop the skills as rapidly as others. Trainers should ensure that the group completes the training according to the agreed timelines. When it is clear that one or more participants are falling behind, they should be offered additional support, for example, during the lunch breaks or by coming early on Day 2. 

Trainer Requirements

Trainers should be experienced in manufacturing environments and motivated to apply learning to achieve measurable improvement. Domain knowledge is required, particularly for Training Modules 7, 8 and 9.

The approach for this training course is to combine “lectures” (the Modules), with illustrative examples giving details of energy efficient products or processes (Case Studies), and providing interactive Workshop exercises and assessment tasks to further develop and test participant skills.

Trainers should study this guide beforehand and review the Training Modules, Case Studies, Workshop Exercises and Assessment Tasks. A detailed schedule should be established through a Session Plan. Suggested session plan contents are included below and a detailed session plan should be developed with a clear timetable, customised to the needs of the group..

Good time keeping is essential. While discussion should be encouraged, it needs to be controlled to allow timing to be maintained.

Assessment

Evidence of competency is provided by individual participants completing a range of structured Assessment Tasks. 

The final assessment task is a workplace project, which should be defined in the final session (Assessment Task A14) and followed up by the Trainer after the course Assessment Task A15). These projects can be quite simple such as:

· Carry out a PCL analysis based on available electricity bills and production records

· Map the energy used in a production area

· Investigate the potential energy saving of using an advanced technology dryer

The purpose is to implement the learnings from the course in the workplace and take a step towards actual energy saving projects.

Assessment Validation

The Academy assessment tools and methods have been designed based on the Australian Quality Training Framework (AQTF) requirements using the principles of evidence of Reliability, Fairness, Flexibility and Validity.  The validation processes in place are used to ensure that assessment tools and evidence meet the rules, being Current, Sufficient, Authentic and Valid.  This process is managed by the Compliance Manager.  Assessment tools are validated on a regular basis to ensure they meet the AQTF requirements.

Expectations of the Participants

Each participant is expected to fully engage in each session and reflect on the content being delivered. 

The requirements (as presented in Training Module 1) to achieve the competency are:

1. Attend the 2 day course

2. Complete pre-training and post training surveys

3. Complete 4 Assessment Tasks during the 2 days

4. Submit one final assessment task within 3 months to demonstrate implementation of an energy efficiency project.

Training Plans

The course content is summarized in Tables 1 – 4. In the two-day course, Trainers should plan to deliver:

· Pre-training survey

· All 10 PowerPoint Course Modules (M1-M10)

· 5-6 selected Case Studies (from C1-C8)

· 2-3 Workshop Exercises (from W1–W4)

· 4 Assessment Tasks (A10-A13) 
· Workplace project Assessment Task A14
· Post-training survey
Table 1 Course Modules

	Module

Number
	Title
	Summary of Purpose

	M1


	Introduction
	Course outline, requirements



	M2


	Sustainable Manufacturing
	Sustainability principles

Environmental impacts

Threats & opportunities

	M3


	Energy Efficient

Manufacturing
	Energy usage

Defining energy efficiency

Causes of inefficiency

	M4


	Life Cycle Thinking (LCT)
	What do we mean by a product life cycle?

What is embodied energy?

Using LCT to guide change

	M5


	Energy Systems
	Energy systems, units and conversions

Basics of accounting for energy use and greenhouse gases

	M6


	Cost-Benefit Analysis
	Financial tools for assessing investments into energy efficiency

	M7


	Energy Efficiency through Process Optimization
	Tools to measure, benchmark and optimize existing processes

	M8


	Energy Efficiency through Process Design
	Designing processes for increased 

energy efficiency

	M9


	Energy Efficiency through Product Design
	Designing products for increased 

energy efficiency

	M10


	Summary
	Close out of course




Table 2 Case Studies

	Case Study
	Title
	Summary of Purpose

	
	
	

	C1
	Milk Crates
	LCT & Product Design

	C2
	Electric moulding machines
	Process Design

	C3
	Chillers
	Process Optimization

	C4
	Air compressors
	Process Optimization & Design

	C5
	Mac Pro
	LCT & Product Design

	C6
	HDPE and PET Bottles
	LCT

	C7
	O-PVC Pipe
	Process & Product Design

	C8
	Fence Pickets
	Process & Product Design

	
	
	


Table 3 Workshop exercises

	Exercise
	Title
	Summary of Purpose

	W1


	Space Heating 
	Calculating with energy units and financial data 

	W2


	Hybrid Cars


	Calculating total cost of ownership of different technologies

	W3


	PET Drying 
	Calculating payback, and discussing the pros- and cons- of different process design options



	W4


	Fence Pickets
	Discussing product design options for energy efficiency through product design options


Table 4 Assessment Tasks

	Assessment
	Title

	
	

	A10
	Current practices in energy utilisation

	A11
	Monitoring energy consumption in plastics processing

	A12
	Process design improvement strategies 

	A13
	Product design improvement strategies and costs

	A14
	Plan for energy efficiency implementation  

	A15
	Report on plan for energy efficiency implementation of 

	
	


Session Plans

Before delivering this training, a Session Plan should be developed to establish a detailed schedule. Table 5 gives the two most likely options for scheduling. Option A breaks the course into a ‘theory day’ (Day 1) and ‘workshop day’ (Day 2). Option B allows the theory and Workshop Exercises to be more evenly distributed. 

Table 5 Options for scheduling of modules

	Schedule
	Option A
	Option B

	Day 1
	
	Module 1
	
	Module 1
	

	
	
	Module 2
	
	Module 2
	

	
	
	Module 3
	
	Module 3
	

	
	Break
	
	
	
	

	
	
	Module 4
	Case Study C6

Assess A10
	Module 5
	Exercise W1

(first part)

	
	Lunch
	
	
	 
	

	
	
	Module 5
	Exercise W1

(first part)


	Module 6
	Exercise W1/W2

	
	Break
	 
	
	
	

	
	
	Module 6
	Exercise W1/W2
	Module 7
	Case Study 

C3/C4

Assess A11

	
	
	
	
	
	

	Day 2
	
	Module 7
	Case Study

C3/C4

Assess A11 
	Module 4
	Case Study C6

Assess A10

	
	Break
	
	
	
	

	
	
	Module 8
	Case Study C2
	Module 8
	Case Study C2

	
	
	
	Exercise W3
	
	Exercise W3

	
	
	
	Assess A12
	
	Assess A12

	
	Lunch
	
	
	
	

	
	
	Module 9
	Case Studies

C1/C5/C7/C8
	Module 9
	Case Studies

C1/C5/C7/C8

	
	
	
	Exercise W4
	
	Exercise W4

	
	
	
	Assess A13
	
	Assess A13

	
	Break
	
	
	
	

	
	
	Module 10
	Assess A14
	Module 10
	Assess A14

	
	
	
	
	
	


Trainer notes on Course Material

Module 1 - Introduction

Time

15 minutes

Intent

The intent of Module 1 is to:

· introduce the trainer(s)

· acknowledge funding from the Office of Environment and Heritage

· acknowledge partner organisations

· introduce the basic premises underpinning the course

· explain the training goals

· explain the course accreditation and assessments

· cover expectations of participation

· provide an outline of the course structure and program over the 2 days

Course participants should be introduced by, for example, asking each person to say who they are, what their job is, and what they hope to learn by attending the course.

Key Learnings

1. Courses premises

2. Training goals

3. Course structure and delivery method

4. Accreditation and assessment methods

Discussion Points

Basic premises

1. Energy can be saved in manufacturing through Product & Process Design.

2. Perhaps as much as 80% of potential energy savings are ‘locked in’ by decisions made during the design stage of products and processes.

3. Awareness and skills at the design stage can significantly improve energy efficiency throughout the product lifecycle.

4. This can save costs as well as reducing environmental impacts and providing benefits related to marketing and corporate responsibility.

Training goals

1. Increase energy efficiency awareness and skills

2. Introduce principles of sustainability and Sustainable Manufacturing

3. Introduce the concept of product life cycles and use of Life Cycle Thinking

4. Show where energy is used in the life cycle and how it can be saved

5. Provide tools for evaluating product & process options

Training method

The Course is designed to combine theory (Sustainable Manufacturing and Life Cycle Thinking) with a practical focus of achieving improved energy efficient manufacturing through process optimization, process design and product design.


Accreditation & assessment

Competency will be assessed in line with the Manufacturing Skills Australia unit MSAENV472A - Implement and monitor environmentally sustainable work practices. This unit is applicable to an accredited Certificate IV (or higher) course.

Assessment tasks will be carried out throughout and after the course to assess Learners’ competency against the criteria as per the Assessment Guide.

How Learning will be assessed

There is no assessment for this module.

Module 2 - Sustainable Manufacturing

Time

45 minutes

Intent

To introduce and define key concepts related to Sustainable Manufacturing.

This module covers the following points:

· definitions of sustainability

· sustainability in relation to manufacturing activities

· environmental impacts and sustainability issues attributed to manufacturing

· drivers of energy efficiency

Key Learnings

1. Relevant definition of sustainability

2. How sustainability applies to manufacturing industry

3. The environmental impacts of manufacturing – pollutants (emissions) and resource use. 

4. Energy use is a major environmental impact due to associated greenhouse gas emissions

5. The central role of energy in manufacturing

6. The drivers of energy efficiency 

Discussion Points

Trainers are encouraged to bring in their own background knowledge on sustainability principles and practices into the course to expand on the course material. The tone of discussions should be positive but realistic. For example, the environmental and societal drivers for sustainable manufacturing are real, and not going away. Although ‘sustainable manufacturing’ is difficult to define, there are also concrete ways to reduce environmental impacts.

Sustainability

Sustainable manufacturing should:

· continuously act to reduce environmental impacts, while;

· preserving or expanding the economic and social benefits.

Regulated environmental actions relate to hazardous goods, wastes and by-products, including safe disposal of wastes. However, simply following regulations and minimum standards will not result in sustainable manufacturing (e.g. waste material may still go to landfill rather than being recycled).

Sustainability is a word that has been defined in many ways. A widely used definition is: “to meet the needs of the present without compromising the ability of future generations to meet their own needs” This was originally introduced in 1987 by the United Nations World Commission on Environment and Development in their report ‘Our Common Future’ chaired by Gro Harlem Bruntland, and known as the Bruntland definition.

A rewording of the Bruntland definition was adopted by the Australian Government in the Australian National Strategy for Ecologically Sustainable Development in 1992.

“…using, conserving and enhancing the community’s resources so that ecological processes, on which life depends, are maintained and the total quality of life, now and in the future, can be maintained”. Basically, both definitions are talking about responsible use of resources, including energy, in a way which allows development without compromising the environment, over a timescale that encompasses generations (i.e. hundreds of years). This involves trade-offs between economic, social and environmental considerations – the 3 Pillars of Sustainability. Sustainability is only achieved when all of these areas are in a satisfactory balance.

Sustainable manufacturing

Manufacturing uses energy and material resources and generally produces wastes and pollutants that must be absorbed by the environment. Hence it has impacts on the environment. Sustainability requires that these impacts are reduced to acceptable levels, while preserving and expanding the economic and social benefits.

Environmental impacts

1. Resource depletion

The use of non-renewable resources is an impact on the environment. Plastics manufacturing uses about 4% of oil and gas production as feedstock and another 4% for process energy. Overconsumption of renewable resources, such as water, also has an impact on the environment.

2. Ozone depleting substances

The introduction of CFCs in the 1920s is a good example of a non-sustainable environmental impact. Ozone is produced in the stratosphere and it blocks harmful UV radiation. CFCs were originally developed as a safer refrigerant to replace ammonia, chloromethane and other toxic substances. They were also used as blowing agents for plastic foams. However, one CFC molecule can destroy 100,000 ozone molecules through a chain reaction.

CFCs have been phased out and replaced by much less harmful substances. They are now unlikely to be a concern except with old refrigeration systems and emissions from some chemical processes.

3. Air & water pollution
Air and water pollution through emissions from plastic manufacturing and processing have an impact on the environment and they are usually closely controlled by regulations.

The brominated flame retardants used in plastics for computer and TV cases, and PFOS (polyfluorooctane sulfonic acid) flame retardants used in polyurethane foam are listed as ‘Persistent Organic Residues’ under the UN’s Stockholm convention. Hence, the potential for them to escape into the environment due to disposal of eWaste is an issue.

Dioxins from incineration of PVC have been a big concern, particularly in Europe. They can be controlled by using high temperature incinerators and flue scubbers.

Pellets that are flushed into drains can finish up in the oceans and they can be found washed up on almost any beach. There is an additional concern that they can soak up and concentrate other pollutants while in the ocean resulting in threats to wild life that ingests them.

4. Litter

Litter is a special case of pollution, but it is a particular problem with plastics, because plastic products (e.g. plastic supermarket bags) have a high visual impact on land, they often float on water and don’t decompose readily. Plastic items are consistently found to be a major component of litter in surveys. It certainly has some environmental impact on wildlife, which is one of the justifications for banning light weight plastic bags.

5. Solid waste
A lot of plastic products, mainly packaging, end up as solid waste within 1 year of manufacture. Other plastic products stay in service for longer but will still end up as solid waste.

Some European countries have virtually eliminated landfill of plastic waste through a combination of recycling and energy recovery through combustion. Australian recycling and recovery rates are comparatively low due to low landfill costs, and lack of effective policy incentives. South Australia is moving towards bans of some plastics in landfill.

6. Greenhouse gas emissions
The emission of greenhouse gases (GHGs) is an important impact of plastics manufacturing and processing, even though the emissions may not be from the manufacturing site. Generally, they are mostly due to electricity generation by suppliers and are directly related to energy use. Energy use is the main cause of GHG emissions and resource use in manufacturing.

Manufacturing (all types) in Australia generates 22% of Australian GHG emissions. This is a significant proportion. Australia has one of the highest levels of GHG emissions for each MWh of electricity produced, due to our reliance on relatively cheap coal. Australia also has some of the lowest prices for electricity in the world. This is a competitive advantage, but not a sustainable one, at least in the long term. 

Central role of energy in manufacturing

Processing of materials is almost always the highest energy use in manufacturing industries. So energy efficiency in processing is a key method of reducing environmental impact.

Drivers of energy efficiency

There are many drivers of energy efficiency including voluntary measures that may be adopted to enhance the business by reducing the environmental impacts. 

Examples of voluntary measures taken by manufacturers to move towards sustainability include:

· setting-up environmental management systems, (e.g. under ISO 14001);

· reporting on a ‘triple bottom line’ (use of social and environmental indicators as well as profit/loss);

· taking on product stewardship responsibilities towards products;

· eco-labelling of products, and

· acting to improve the “eco-efficiency”
 of products by reducing the energy and material inputs used to manufacture product.

There are also legislative drivers. Large energy users (using more than 0.5 PJ) have a obligation under the Energy Efficiency Act 2006 to find and implement energy efficiency opportunities with a payback of less than 4 years.

From the processors point of view, increasing energy costs are the most important driver. Electricity costs are rising and we will talk about this more in the next section. Energy efficiency in industrial processes is recognized as one of the most cost effective methods of reducing carbon emissions. A price on carbon will provide more financial incentives for energy efficiency. 

How Learning will be assessed

Learning will be assessed in later Assessment tasks.

It is suggested that the trainer involves participants interactively at various points in the presentation to gauge the level of understanding.

Module 3 – Energy Efficient Manufacturing

Time

45 minutes

Intent

This module takes the concept of sustainable manufacturing (Module 2) and concentrates on the benefits of energy efficiency in relation to plastics manufacturing. 

The primary purpose is to raise awareness of the potential for energy savings to improve the sustainability of manufacturing through reducing or controlling energy costs and therefore the associated environmental impacts. 

Key Learnings

1. Plastics processing is energy intensive

2. Energy is a major cost for plastics processors

3. The cost of energy is rapidly increasing

4. There are opportunities for energy saving

5. Major energy saving opportunities are ‘locked-in’ at the design stage

Discussion Points

Defining energy efficiency

First, we should be clear about what is meant by energy efficiency. It is a term that can be used in different ways. The scientific definition is the work output per unit of energy input. In other words, the amount of useful action you get for the energy that goes in.

Finance people might talk about energy efficiency in terms of the energy cost as a percentage of total costs or value added. For this course, the manufacturing definition of energy used per unit of production is used. It may be measured in terms of kg of material processed or number of products made.

Plastics processing & energy

Energy is fundamental to manufacturing. It is essential for transforming materials from one form to another, which is exactly what manufacturing does. Plastics processing is particularly energy intensive because it depends on heating materials up to the processing temperature (at least for thermoplastics) and then cooling them again.

However, if we look at the entire plastics manufacturing process, energy is used in many steps. Firstly, the manufacture of plastics raw materials, usually from oil and gas feed stocks, uses a large amount of energy. This is called embodied energy and we will discuss it later. The plastic is then often compounded with fillers and reinforcements and then packaged and transported. Each step uses energy.

At the plastics processor, the plastic often has to be dried before it can he heated in a moulding machine or extruder and plasticized. More energy is required for the actual moulding step, to heat it to the processing temperature, inject it into the mould or push it through an extrusion die. Then it has to be cooled, usually with a chiller system that uses more energy. There are usually various secondary operations such as trimming, welding, assembly and painting, all using energy. Then the product is packaged and distributed.

Energy is therefore an important cost item in most manufacturing and certainly in plastics processing. The actual percentage of total costs will vary quite widely, it will often be the third largest variable cost item after materials and labour.

Generally, the big cost items - materials and labour, get a lot of management attention, as they should. However, energy costs are often treated as a fixed cost, like rent or depreciation, and get less attention. But if you can reduce energy costs by, say, $20,000 per year, then it goes straight on to the bottom line and adds $20,000 to your EBIT (i.e. Earnings before Income Tax – a measure of profit). 

Typical energy costs for plastics processors are in the range of 3% to 6% of sales revenue. In some businesses that would be similar to profit margins.

A key point is that energy is a variable cost. Ideally, energy consumption will closely track the volume of production. The fewer products you make, the less energy you should use. However, this is often not what happens and this is actually a big opportunity for energy saving through process optimization that will be discussed in Module 7.

Energy cost trend

Energy prices charged by the retailers in NSW are regulated by IPART (Independent Pricing & Regulatory Tribunal NSW).

The major main contributors to the price are the costs of maintaining and investing in distribution infrastructure (poles, wires, substations), and the cost of purchasing wholesale power from the generators. Profit going to the retailer is actually a small component of the overall cost.

A good question to ask at this stage is: Do you know what your company is paying for electricity? Do you know what your annual bill is?

Answer: The average contract price for NSW businesses in 2010 was 14 cents/kWh.

Typical plastics processors would use between 500 MWh to 2000 MWh per year. So they are paying between about $60,000 and $280,000 per year for electricity.

Increases of 10% 2010/11, 11% 2011/12, 11% 2012/13 are approved for Energy Australia tariffs. Other distributors will have increases of a similar magnitude.

A larger plastics processor will be paying nearly $400,000 in 2012/13. This increase of about $30,000 a year will come straight out of profit. If they work on a 10% margin, then they would have to increase sales by more than $300,000 to maintain EBIT.

That is without a price on carbon. Based on modelling by the regulator (IPART), the introduction of the CPRS (Carbon Pollution Reduction Scheme) proposed in 2009 would have resulted in additional increases resulting in total increases of around 16% in 2011/12 and 25% in 2012/13. Although the CPRS was not introduced, it is likely that a carbon price of some kind will be introduced in the near future. The increase is then likely to be more like $50,000 per year for a larger user.

Energy saving opportunities

There are opportunities to reduce energy costs through improved energy efficiency in all businesses. Product development usually starts with a request from a customer and then goes through the stages of product design. Then the process to make it is specified and designed. Once the process is running, it is ‘productionized’ or ‘optimized’ so it works efficiently with low rejects and high productivity.

This leads to three opportunity areas for energy saving:

· Product design

· Process design

· Process optimization

We start at the end and work backwards for reasons that should become clear later. These areas are not entirely distinct. There is always going to be some overlap between them.

Process optimization

You can only really optimize a process when it is actually running. A lot of the improvements are likely to be fairly simple adjustments that do not cost much money. Process optimization doesn’t just apply to new processes. You can optimize existing processes as well.

Energy management is an important step. It means that you pay the same attention to energy costs as you do to other large variable costs like materials and labour. Other optimization activities are adjusting process conditions and good maintenance. We will talk about this more in Module 7.

Process optimization can achieve something like 10-20% energy savings. 15% savings potential is assumed. 

Some participants are probably already doing process optimization and it is not the focus of this course. However, the techniques need to be understood before going on to product and process design.

Process design

More savings are available by going back a step in the product development cycle to the process design stage. This often involves investment in new equipment or in improving existing equipment. Although the investments may be quite large, they are necessary to allow the production of the new product. So you have to make them anyway. There may be some incremental cost for making them more energy efficient, but there are significant opportunities for recovering the extra cost and saving energy for the lifetime of the process.

Energy efficient process design can achieve savings of 10 to 30%. We will assume 15% for the purpose of our example. Now we have a cumulative energy saving of about 28%. (Not 30% because we are now applying the 15% process optimization savings to a smaller energy cost).

Product design

There are further opportunities if we go back another step in the product development process.  Usually, no one pays much attention to the energy efficiency of the process until after the product has been designed, and often not until it is in production. But, things like the selection of materials, weight reduction and making the design suitable for a low energy process may result in significant energy savings. We really can’t predict how much energy this will save because there is a very wide range of possibilities. However, based on some examples we will talk about in Module 9, it is probably reasonable to expect from 5% to 50% savings in production. If 30% savings are achieved then the total potential cumulative savings are close to half of the process energy consumption (Figure 1).
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Figure 1 Cumulative energy saving opportunities

Of these cumulative savings, more than 80% are from the product and process design stage and are therefore ‘locked in’ before the product even starts production (Figure 2).
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Figure 2  Energy saving opportunities

How Learning will be assessed

Learning will be assessed in later Assessment Tasks.

It is suggested that the trainer involves participants interactively at various points in the presentation to gauge the level of understanding.

Module 4 - Life Cycle Thinking (LCT)

Time

45 minutes

Intent

This module introduces the concept of life cycle thinking (LCT), and put LCT into context as a means of capturing energy efficiency gains beyond just the manufacturing stage itself, and as a tool for managing the environmental impacts of the product life cycle. It reinforces the concept of responsibility for life cycle impacts and the related non-financial benefits.

It also provides information on the relative magnitudes of energy use through the life cycle in terms of material production, processing, use and disposal.

Key Learnings

1. Products have a life cycle from production through to disposal (cradle-to-grave).

2. Environmental impacts occur throughout the life cycle.

3. Thinking through the life cycle is useful for reducing environmental impacts

4. There are potential benefits beyond energy cost reductions in manufacturing

Discussion Points

Introducing the concept of life cycle thinking

“Life Cycle Thinking (LCT) seeks to identify possible improvements to goods and services in the form of lower environmental impacts and reduced use of resources across all life cycle stages. This begins with raw material extraction and conversion, then manufacture and distribution, through to use and/or consumption. It ends with re-use, recycling of materials, energy recovery and ultimate disposal.” (Institute for the Environment and Sustainability, 2010).

There are many ways to represent the product lifecycle. The diagram in the course notes Figure 3 shows the product lifecycle in terms of material flow.
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Figure 3 Life Cycle for a Plastic Product

A key aim of Life Cycle Thinking is to avoid burden shifting. This means minimising impacts at one stage of the life cycle, or in a geographic region, or in a particular impact category, while helping to avoid increases elsewhere. For example, saving energy during the use phase of a product, while not increasing the amount of material needed to provide it.

Taking a life cycle perspective requires a policy developer, environmental manager or product designer to look beyond just his or her own operations. It requires co-operation up and down the supply chain. 

At the same time, it also provides an opportunity to use the knowledge that has been gathered to gain significant economic advantages:

· from increasing efficiency in use of energy and materials;

· recovering value from wastes;

· reducing pollution

Why take a life cycle approach?

For many years, reducing environmental impacts focused on production processes, particularly the treatment of waste and effluent streams. This remains important. These actions help, for example, to successfully address the issues of reducing air and water pollution from a specific operation. 

However, this does not necessarily reduce the negative environmental impacts related to the consumption of materials and resources. It also does not account for the shifting of burdens – solving one problem while creating another. Solutions therefore may not be optimal and may even be counter-productive.

Life Cycle Thinking can help identify opportunities and lead to decisions that help improve environmental performance, image, and economic benefits. This approach demonstrates that responsibility for reducing environmental impacts is being taken.

Looking at the bigger picture, businesses have not always considered their supply chains or the ‘use’ and ‘end-of-life’ processes associated with their products. Government actions often focus on a specific country or region, and not on the impacts or benefits that can occur in other regions or that are attributable to their own levels of consumption.


In both cases, without consideration of the full life cycle, the environment suffers. The results may include poorer financial performance and higher potential for reputation damage.

Life Cycle Thinking provides a broader perspective. As well as considering the environmental impacts of the processes within our direct control, attention is also given to the raw materials used, supply chains, product use, the effects of disposal and the possibilities for re-use and recycling.

Why does LCT matter?

Why should manufacturers worry about lowering energy use anywhere in the life cycle apart from in production where they pay for it?

The first reason is marketing. Customers are increasingly aware of environmental issues and generally want to make purchasing decisions that are 'good for the environment'. If you have a positive message, then this can be a marketing advantage.

Green procurement policies are becoming more prevalent particularly with government departments. The relative carbon footprint or other environmental impact measures may affect purchasing decisions.

The advantages of life cycle energy savings may also be a factor to customers, such as automotive companies and supermarkets. Supermarkets, for example, are looking for good environmental stories to put into their Sustainability Reports and this may affect purchasing decision. Retailers are also beginning to introduce 'eco-labels'. An example is the Carbon Trust Carbon Neutral Certified label.

An example of how energy efficiency is marketed by a leading manufacturer (Apple), is shown in Case Study C5.

The second reason is that many companies have obligations under various pieces of legislation. As we saw in Module 2, large companies have an obligation under the Energy Efficiency Obligations Act to find and implement energy saving investments with a payback under 4 years. The Australian Packaging Covenant also introduces obligations for the packaging supply chain to undertake action plans to reduce environmental impacts.

There are also implications for a company's social responsibility resulting in voluntary actions, which were also discussed in Module 2. LCT allows opportunities for reducing environmental impact across the life cycle to be identified and evaluated. It also prevents the shifting of burdens that was discussed earlier.

Tools for assessing environmental impact

Life Cycle Assessment (LCA) is regarded as the ‘gold standard’ for environmental impact assessment. It seeks to quantify selected impacts across the life cycle. This is done in 2 stages:

1. Create an inventory of flows of materials, energy, pollutants and wastes, assign these to the products (and co-products). From the inventory, scientifically derived equivalencies are used to calculate indicators of environmental impact.

2. Undertake the assessment. This is not clear cut as there are always multiple impacts and judgments must be made about the relative importance.

A life cycle inventory (used in Life Cycle Assessment) includes a complete mass and energy balance. This means an inventory of inputs and outputs, including by-products and pollutants for each process within the scope of the assessment.

LCA requires a lot of data to be available right through the supply chain. There is published data available, but often it is based on European practice and may not be applicable in Australia. It is generally time consuming and needs specialist skills to be applied successfully. The system (or boundaries) has to be properly defined and carefully compared with options. There is a view that LCA can provide whatever answer you are looking for if it is not used properly.

‘Streamlined’ LCA methods concentrate on particular environmental impacts such as water use, emission of greenhouse gases or energy use due to activities in the product life cycle, using a sub-set of the data required for LCA.

Even without the detailed quantitative data, analysing the life cycle of a product can help identify points where efficiencies can be sought. 

Life cycle energy use

To demonstrate life cycle energy use, typical values are provided for manufacturing plastics, primary processing, and distribution. Energy used during service and at end-of-life are discussed.

How Learning will be assessed

Assessment Task A10 is linked to modules 2,3 and 4. This assessment task should be scheduled after Module 4.

Module 5 - Energy Systems

Time

15 minutes

Intent

A good understanding of energy, power and energy consumption units is a necessary skill for measuring, monitoring, analysing and reporting on energy efficiency improvements and opportunities.

The purpose of this module is to ensure that all participants understand basic energy concepts and units of energy, power and energy consumption for both electrical and gas sources, and can perform the necessary conversions to bring energy measurements to common metrics

Key Learnings

1. Units of energy

2. Units of power

3. Units of electrical power consumption

4. Calculating electrical power consumption

5. Converting between fuels and electricity

6. Discussion of efficiency in power generation

7. Overview of calculating Greenhouse Gas Emissions from energy

Discussion Points

Energy comes in many different forms. Kinetic energy, for example, is the energy associated with the movement of an object, such as a car rolling along a road. Potential energy is stored energy, such as the energy in a wound up clock spring, or resulting from an objects’ position. All types of energy (thermal, solar, chemical, nuclear etc) can be compared through their common unit.

Power is the rate at which energy is used.

Electrical power consumption has the customary unit of the kWh (or MWh, GWh etc).

Fuels are consumed in unit quantities related to their metering (L, cubic meters, etc.)

It is possible to convert energy use in fuels and electricity in order to compare energy used. There are however two ways of looking at it – delivered energy, and primary energy. 

Conversion factors allow calculation of greenhouse gas emissions from consumption of delivered energy in various forms. This makes the carbon footprinting of energy consumption relatively straightforward to calculate.

How Learning will be assessed

Exercise W1 and Assessment Task A13 Question 2 assess the learnings from Module 5.

Module 6 - Cost-Benefit Analysis

Time

30 minutes

Intent

This module is intended to train participants in how to calculate basic financial metrics such as Total Cost of Ownership (TCO), Simple Payback, and Return on Investment (RoI) to provide tools for comparing energy efficiency investment options..

Key Learnings

1. Energy efficiency has financial benefits as well as environmental benefits.

2. Energy is a variable cost of production, not a fixed cost.

3. Cost-benefit analysis can be used to justify investments towards energy efficiency.

Discussion points

In many cases, implementing energy efficiency requires upfront investment, for example, new equipment or upgrades. In this case, there are a number of ways of calculating or estimating net benefits.

A key concept is the Total Cost of Ownership (TCO). For energy-consuming equipment, the upfront cost may only be a small fraction of the TCO.

To calculate the TCO, the following need to be known;

· Upfront costs;

· Capital cost

· Installation

· commissioning

· training

· Operating costs

· Energy costs

· Maintenance costs

· Equipment lifetime

TCO is defined as:




TCO = Upfront costs + Operating costs x Lifetime
Also, system benefits can occur, which are often ignored for simplicity or lack of awareness. For example, if a building space is air-conditioned, all energy used inside the building envelope (where waste heat is not exhausted), will contribute to the cooling demand, and so those energy savings could be added as well.

Simple Payback provides a comparison of the time to repay the upfront costs through savings in operating costs. It is easy to calculate and can provide a simple comparison to a ‘hurdle rate’ (eg many companies would want a pay back time of less than two years before investing in energy saving equipment. It is useful when there is a single upfront cost and regular expected savings. However, there are some limitations:

· it does not tell how large or profitable the investment opportunity

· it does not take into account the “time value of money” (important in long-term investments)

· it ignores the lifetime of equipment, which may be much longer than the payback period (and so discounts benefits after payback is reached).

Many owners and managers want paybacks from energy efficiency much sooner than they might want payback from other investments – for example, payback hurdles of less than two years are common.  The Federal Government Energy Efficiency Opportunities Scheme for large energy users requires that energy efficiency opportunities with payback of less than 4 years are identified and reported.

Return on Investment (ROI) is defined as:

               ROI =(Change in Operating cost per year/Change in Upfront costs) x 100%
At its simplest, ROI is the inverse of simple payback. Savings can be calculated across the expected lifetime of the asset in order to calculate the return across the lifetime of an asset, unlike simple payback.

Other measures such as Internal Rate of Return and Net Present Value provide more sophisticated comparisons accounting for interest rates and depreciation. 

No financial tool is best for all cases.

Finally, it should be emphasised that there are non-financial benefits to energy efficiency, such as conformance to Environmental Management Systems, triple bottom line reporting, corporate responsibility and marketing benefits.

How Learning will be assessed

Cost-benefit analysis is used in Workshop Exercises 1 to 3.

Module 7 - Energy Efficiency through Process Optimization

Time

45 minutes

Intent

To provide an understanding of where energy is used in manufacturing operations, and how it can be managed, measured and analysed. Introduce some practical tools and examples of achieving energy efficiency through optimization of existing processes. Note that this is not the focus of the course. However, process optimization offers quick, low cost opportunities for energy savings and should be applied before implementing the longer-term opportunities offered by product and process design. Courses for shop floor people could increase the time spent on this module and abbreviate Modules 8 and 9.  

Key Learnings

1. Where energy is used in manufacturing

2. Measuring energy use

3. Analysis of energy use

4. Benchmarking techniques

5. Process optimization fundamentals

Discussion Points

Modules 7, 8 and 9 require a high degree of domain knowledge. Trainers should familiarize themselves carefully with the course material, and where necessary read through the references to expand their own understanding.

Energy Use

Error! Reference source not found.

 REF _Ref163118481 \h 
Figure 4 shows energy use in UK plastics processing plants, averaged across a large number of individual plants. It is given at the level of process machinery (extruders, dryers, injection moulding units) and shared services (provision of chilled water, compressed air, lighting etc). 

Specific processing plants may have a greater or lesser share energy use in different categories.
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Figure 4 Average share of energy use in plastics processing plant (data from Kent, 2010)
Note that activities related to production processes are responsible for >90% of the energy use. This applies to most manufacturing operations whatever the primary process.  

Energy Management

Like most business activities, management of energy efficiency is best done through some systematic process.

This will ensure that:

· more opportunities for energy efficiency will be identified;

· energy uses in the plant are measured, enabling:

· cost-benefits of action to be more accurately quantified;

· opportunities to be compared, and

· input to be provided for implementation strategy

· Key Performance Indicators (KPIs) can be set for monitoring energy performance.

The steps to ‘Energy Management’ are:

· measure energy use;

· identify energy efficiency opportunities;

· estimate energy savings;

· evaluate opportunities for business suitability;

· develop an implementation plan;

· execute the plan
· measure savings and 

· track and/or monitor and report on energy efficiency savings.

Useful references are the Energy Savings Measurement Guide (Commonwealth of Australia, 2008) and Assessment Guide (Commonwealth of Australia, 2009). These provide comprehensive guidance to large organizations within the Federal EEO scheme and describe resource-intensive procedures suitable for large energy users.

A less rigorous set of procedures for energy management is set out in the “Energy Miser” series of articles published in Plastics Technology (Kent, 2009a-f). 

The first step for management would be to identify the uses of energy by the plant. This could be done with a schematic ‘energy map’ or on a spreadsheet. 

Measuring Energy Use

Energy use should then be measured and this can be done in a number of ways. The simplest way is to analyze electricity and gas bills. However, these will usually be for the whole business and may include uses that are not directly related to production. It may be possible to obtain data from meters reading consumption specifically in production areas. The energy supply companies may be able to assist by installing ‘sub-meters’ for particular areas. Data can be improved by having a regular program to read the meters at the same time each week (or day). Power monitoring equipment could be used for specific pieces of equipment on a short-term basis. Some newer equipment, such as injection moulders can have internal energy consumption monitoring facilities. Production volumes in corresponding time periods should then be estimated. The time period should be as short as possible. Weekly data is better than monthly as it allows faster reaction and better understanding of variations.

The power consumption of individual items of equipment can, at least, be estimated from the equipment specifications and the rated power consumption. Equipment such as an injection moulder is not operating at the full rated consumption all the time as heaters and motors turn on and off during the cycle. However, a ‘duty factor’ can be estimated to account for this.

Analysis of Energy Use –Performance Characteristic Line (PCL)

The next step is to analyse the energy consumption data versus the amount of production by plotting the data for consistent measurement periods (eg each month). If you do this for the whole plant, you should see some correlation between production volume and energy consumption. The best fit (or regression) line is called the Performance Characteristic Line (PCL) (Fig 5). Large amounts of variation (or scatter) around the PCL indicate that there are significant factors affecting energy use that are unrelated to production volume.
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Figure 5 Performance Characteristic Line (PCL)

The “base load” is effectively energy overhead. It includes machinery and services left on with no productive output. Contributions to base load include:

· compressed air leaks;

· heat gain into chilled water piping;

· idling of motors;

· office energy use;

· lighting use unrelated to production activities.
Base loads typically account for 10-40% of total energy use. As they are not directly related to production, reducing them can be a very effective way to improve overall energy efficiency.

The “process load”, or slope of the PCL, indicates how efficiently the plant uses energy for production. A typical ‘plant-wide’ figure might be 1.5 kWh/kg for injection moulding. Improvements in this can result from higher machine utilization or improved process equipment efficiency. Efficiency improvement opportunities can require more effort to uncover, but they are equally effective.

A very high base load (i.e. 30% or more) and poor correlation coefficient (i.e. <<0.9), might indicate a misalignment between reporting periods for energy use and production volume, or changes in the mix of products. It may also indicate an inefficient plant where a high proportion of non-productive use (or waste) of energy occurs.

This is a ‘backward’ looking process, but it is very useful for setting internal benchmarks for future improvement. Data over one year could be used to determine an initial ‘base load’ and ‘process load’. This data may already be available from energy bills and production records. The PCL can then be used to:

1. Forecast (predict) future energy budget from production forecasts

2. Identify trends

3. Discover variances from historical data for further investigation

Analysis of Energy Use – Specific Energy Consumption (SEC)

Data from individual processes or process lines can be analysed to determine the amount of energy consumed per kilogram of material processed. Studies of plastics processing equipment in Europe reported the following relationship between SEC and production rate for different process types, shown in Figure 6. Note that this is average performance, not best practice, and the correlation coefficients are fairly low, with a large scatter (not shown) from best fit.  What it indicates is ‘typical’ experience.

SEC tends to decrease with throughput. This is because larger machines with higher throughputs generally have a lower percentage of waste energy. One reason for this is that the percentage heat loss from large extruders and injection moulders is lower. Injection moulding and blow moulding involve reciprocating movements of moulds (mould opening and closing) and injection screws. These use additional energy that becomes a larger percentage of overall energy use as the throughput (or part weight) becomes smaller. Hence these processes generally have a higher SEC than thermoforming and extrusion, which are continuous with most of the energy going into rotating the screw and the heaters.
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Figure 6  Specific Energy Consumption (SEC) in different plastic processes

Benchmarking

SEC data can provide a valuable benchmarking tool and also allows comparison of alternative processing techniques.

External benchmarking is not straightforward, as product mix and process details vary widely between manufacturers. Generally, to obtain meaningful comparisons, the products and processes must be very similar.

In the absence of good quality information, the following is typical for plastics processors using the common plastics processing techniques (Table 6). These figures are for the electricity consumption at the machine level, provision of cooling water, compressed air, dryers, lighting and other ancillaries can add around 50% more energy consumption at the factory level.

Table 6 Range of specific energy consumption (SEC) of common primary processes
	Main process used
	kWh/kg

	Extrusion
	0.4 – 0.6

	Injection moulding
	0.9 – 1.6

	Extrusion & Thermoforming
	0.9 – 1.6

	Extrusion blow moulding
	1.4 – 2.5


Methods of optimizing process energy

Some of the methods of optimizing energy efficiency included in the module are summarized in Table 1.

Table 7 Methods of optimizing processes to reduce energy use

	Method 
	Examples

	Procedural improvements
	Start-up/shut-down procedures

Job scheduling

	Equipment improvements
	Replacement of fixed speed motor drives with variable speed drives (VSD)

	Process control improvements
	Optimization of processes such as use of dew points sensors to control dryer operation

	Quality improvements 
	Reducing reject rate saves energy by reducing waste and re-work


How Learning will be assessed

Learning will be assessed using Assessment Task A11. It should be scheduled immediately after delivering Module 7.

Module 8 - Energy Efficiency through Process Design

Time

60 minutes

Intent

To show how energy use can be reduced by designing manufacturing processes for energy efficiency.

Key Learnings

1. Knowledge about more energy efficient process equipment options

2. Using process design to save energy

3. Tips and techniques for designing processes to be more energy efficient

Discussion Points

Energy efficient process design

Experience shows that deliberate process design to include energy efficiency as a criterion can readily result in savings of 10 – 30% of energy use in plastics manufacturing. 

As mentioned in Module 3, these savings can cascade with further process optimization and product design actions.

Process Design Techniques

Process design can be used to increase energy efficiency. Energy saving opportunities for new (or existing) processes can be identified and evaluated by using a systematic approach:

1. Understand where energy is being used

2. Measure energy use

3. Analyse energy use

4. Compare to benchmarks

5. Identify opportunities for improvement in energy use

These steps can be illustrated by asking questions about a proposed process:

· Where will the energy be used?

· What will the energy be used for?

· How much energy will be used?

· Can it be used more efficiently?

· Could energy be supplied to the process more efficiently? 

· By gas instead of electricity?

· By co- or tri-generation?

· Where is energy being wasted? 

· Can waste energy be reduced?

· Can waste energy (heat) be recovered?

System design

Some energy services or energy consuming equipment are inherently more energy efficient than others. Table 8 lists the typical losses in some energy services. System efficiency is defined as 1 – loss (%). The loss factor is the inverse of the efficiency – that is, how many units of input energy produce one unit of output energy or useful work. It is useful to realize, for example, that 5 units of energy have to be consumed to produce 1 unit of useful work in a compressed air system; even more if the electricity supply system is considered.

Table 8 Loss factors of selected equipment (U.S. DOE)

	Energy System
	Equipment
	% Losses
	Loss Factor

	Power generation
	Conventional grid power

Combined heat and power (CHP)
	65%

24%
	2.22

1.33

	Energy distribution
	Fuel distribution networks

Electricity distribution networks
	3%

5%
	1.03

1.05

	Steam systems
	Boilers

Steam pipes and traps

Steam delivery/heat exchangers
	20%

20%

15%
	1.25

1.25

1.18

	Motor systems
	Pumps

Fans

Compressed air

Granulators
	40%

40%

80%

90%
	1.67

1.67

5

10


The benefits of holistic system design become apparent when considering that a chain of energy efficiency factors multiply through from primary energy to useful work. For example, the energy required to circulate cooling water through a chiller might be 5 MWh per year. However, there are losses in the pump itself, in the transmission and distribution of the electricity from the generator, and in the generator itself. So the energy that needs to be released by burning coal at the generator, and the related greenhouse gas emissions, may be five times as great, or 25 MWh per year.

Primary processes

Most plastics processes are based around one major piece of equipment such as an injection moulder, a blow moulder or extruder. This is the major energy use and it’s the first place to look for savings. 

Extrusion based processes generally have a lower Specific Energy Consumption than injection or blow moulding. Usually, there is not much choice of process. But as we will discuss in Module 9, by going back to the product design stage, it may be possible to design for a more energy efficient process. For example,  making a long prismatic shape by injection moulding may not be the most energy efficient approach.  Redesigning for profile extrusion and cutting off to length may be more energy efficient. Thermoforming might also be a better option in some cases.

Integration of processes can avoid multiple heating and cooling cycles. For example, extruding sheet and then thermoforming in-line, is significantly more energy efficient than running these processes individually. There have been a lot of technical developments with process integration such as in-line glass fibre/polypropylene compounding and injection moulding of automotive instrument panels. In most cases you need high volumes to justify the capital. But you should consider potential energy savings when evaluating them.

The energy efficiency of plastics processes is dependent on throughput (Figure 4). High throughputs are generally more efficient because the percentage of energy wasted is lower.

Injection and blow moulding processes use much more energy per kg processed at low throughputs. Typical injection moulding shot weights might be around 200g with a 60 sec cycle giving a throughput of 12 kg/hr, which is at the steep end of the SEC curve.

This needs to be taken into account when comparing different processes.  From an energy efficiency point of view, it is better to have one large extruder operating at a high through put, than a number of smaller machines operating at lower outputs.

Using the right size machine is important. The tendency is usually to go one size up to provide some ‘spare capacity’ and avoid running equipment ‘too hard’ In fact, most equipment is more energy efficient at close to its rated output as it has been optimized to do just that. Motor size is one factor (see below). Ideally, the clamp tonnage and the platten size of an injection moulder should be just big enough for the job. The screw size and rated rpm of an extruder should be matched to the required throughput. By working at the design stage, you may be able to design the product a bit differently so it fits in a smaller machine. This is where you can get significant energy savings.

This applies to ancillary equipment too. There is no point in using a large dryer when a small drier will provide the required throughput. It just wastes energy.

Multi cavity or family tools should also be considered. It may be possible to make several parts with one shot and the total energy will be much less than for making each part separately.

The idea of running the smallest possible equipment at close to rated output, will not always be the most energy efficient solution. An example is provided by Krauss Maffei ‘super-compounder’ extruders, which are designed to run at high rpm with relatively small screw diameters providing high outputs. A larger screw diameter machine can use less energy per kg at the same output rate. 

Electric injection machines

Electric injection moulding machines use servo drives rather than hydraulics. This reduces power consumption because there is no hydraulic pump running all the time. They can also be faster as more than one action can be happening at one time. For example, screw back can be commenced while the tool is still opening. They are also quieter and require less maintenance. 

Electric injection moulding machines have been around for a while and originally tended to be used in high precision or clean-room applications. They were also limited to small tonnages.  But energy costs have gone up and the premium for these machines has come down. The maximum size has also increased and they are available up to at least several hundred tonne.  They are now widely used overseas and there are predictions that they will quickly replace hydraulic machines completely.

With energy savings of 30 to 60%, and in some cases more, there are significant energy saving opportunities.

Injection machines are advancing quickly in other ways. For example, Krauss Maffei now offer instantaneous energy logging and monitoring on their machines, with data on each part of the moulding cycle. This allows energy efficiency to be optimized along with other moulding parameters. Battenfeld, along with other electric machine manufacturers, has introduced regenerative braking systems on their electric machines. As in electric cars, the servo-motors generate power during braking during tool opening and closing.

Secondary processes

There is more scope for process integration with secondary processes.

Insert moulding, for example, is generally going to be more energy efficient than making the moulding and then doing a separate assembly operation. Low pressure moulding allows a surface material such as fabric or decorative films, to be incorporated with the moulding process. Again, high volumes are usually required to justify the higher capital, but energy savings should be an important consideration.

Process integration has other benefits. It reduces the requirement to pack, store and move Work in Progress. There are energy savings here also. Fewer fork lift movements, smaller storage areas, no lighting.

Painting and coating processes should be carefully examined for energy saving opportunities. They often involve a drying or curing oven, which uses a lot of energy. These things are often run hotter than necessary to account for extremes in process variation. They often waste a lot of energy by being turned on when the process isn’t actually producing anything. No one wants to turn them off because they take time to get up to temperature. That is one reason why an integrated process can save a lot of energy.

There may be more efficient alternatives. Gas may be more efficient for this type of low-grade energy requirement. It may be possible to recover energy from dryers, for example, in a pre-heat stage, allowing temperatures or oven length to be reduced. Infra-red lamps emitting specific wavelengths corresponding to the absorption bands of the coating may be much more efficient. They can also be turned off more easily when the line is stopped.

An alternative is to eliminate the secondary decoration processes by using a moulded-in colour. Many  'effects' materials and masterbatches are available to give metallic or pearlescent appearance without painting.

Electric motors & variable speed drives (VSDs)

Motors, such as used in pumps and fans, can vary considerably in energy efficiency. Investment in more energy efficient motors for new processes, and in upgrades and replacements for existing equipment can have significant benefits. The purchase cost of a motor can be exceeded by energy costs in as few as 1000 hours (Dixon, 2009). High efficiency motors are typically 2-3% more efficient than standard motors.

AC motors are more efficient than DC motors, particularly when they are operated at relatively low speeds. However, the speed of rotation of AC motors (or at least the standard synchronous type) is fixed by the frequency of the AC power supply (50 Hz).

If motor demand is variable, a lot of energy will be wasted at low demand levels. The best answer is to use variable speed drives (VSDs), which allow the motor speed to be slowed down to match the load. VSD’s can be used on most motors. They convert the AC to DC and then synthesize a variable frequency AC to drive the motor. They can be used effectively for fans, chiller pumps, compressors and conveyor motors. A lot of equipment now has built in VSD. Check for this when designing your process.

Automation

Automation generally helps save energy by providing faster cycle times, with better reproducibility and less downtime. That means the process is running for less time and uses less energy per part.

Automation can also allow process integration. Generally, the savings will outweigh the extra energy used.

Dryers

The energy used by dryers can be a big component of the total process energy, particularly for moisture critical plastics like PET. Regeneration can use a lot of energy in desiccant dryers. They may also use chilled water and compressed air with additional energy requirements.

There are some interesting new technologies. New zeolite desiccants are claimed to use much less energy. Moretto actually has a program where it supplies these dryers for a monthly fee based on the energy cost savings they achieve.

The Maguire Low Pressure Dryer system uses vacuum to help remove the moisture. This is claimed to save 70 to 80% of energy costs compared to desiccant dryers and to be 6 times faster. So the dryer can be smaller and you have less material in it at the end of the run.

The key point is that energy efficiency should be a fundamental part of equipment specification and selection.  You have to go out and look for the best technology.

Again, looking towards product design offers energy saving opportunities with the process.

Can a material that doesn’t need drying be used to eliminate drying completely? Otherwise, a correctly sized, energy efficient dryer should be used. Over-drying wastes energy. Sophisticated dryers use dew point measurement to dry only to the level required. Hygroscopic materials are often pre-dried by the supplier and put in sealed bags. It will dry much more quickly than material that has been stored in unsealed bags.

Granulators

Granulators also use a significant amount of energy, particularly if they are left on when not actually granulating anything. Hot runner tools may be able to eliminate the energy used by a granulator.

This is another area where equipment should be correctly sized for the job. 

Less energy is required to granulate hot sprues and runners, so it is better to granulate at the machine rather than off-line. This also means that the material absorbs the minimum amount of moisture and requires less drying. Good maintenance also helps. Sharp blades will do the job with less energy than blunt blades.

 Granulators can be automated to switch on and off automatically so they only operate when material is available.

Compressed air

Compressed air is actually a very expensive source of energy. It can cost 10 times as much as electrical energy at the point of use.

Systems are often over-rated and run at a pressure that is higher than necessary. This means that leaks use more air and add to the energy cost. A leak that you can neither hear nor feel costs at least $100 a year in energy costs. If you can hear it, it is costing hundreds of dollars a year.

The best option is to design the process so that it does not need compressed air. Air is often used as a lazy engineering solution to move parts around or run cheap pneumatic equipment. Electric motors will be much more energy efficient.

Cooling systems

Chillers can also use a significant amount of the total energy bill and should be carefully designed. This may mean attention to tool design so they cool efficiently, rather than pumping lots of very cold water around to compensate.

Central chillers are often run at lower temperatures than necessary so they can provide the lowest water temperature requirement throughout the plant. Then water heaters are used to increase the temperature for other tools. This may not be the best way of designing a process. Small, dedicated chillers might be a more energy efficient option, providing the volume of water required at the temperature it is needed.

One of the benefits of electric injection moulding machines is that they don’t need water cooling. This could allow down-sizing of the whole plant cooling system. If this can be done at the process design stage substantial energy savings are possible.

Cogeneration

As shown in Table 8 there can be large energy losses between the primary energy source (eg burning coal in an electricity generating plant) through to the actual use of the energy. Using fuels on site, particularly gas, to generate power, avoids the losses associated with transmission and distribution of electricity over long distances.

Generally, it has still not been economic to operate small scale local generation plants just for the electrical power. However, if the waste heat from the generating process is also utilized, the economics look better. 

Cogeneration (or cogen) means that electricity is generated along with one other output – usually heat in the form of hot water. Trigeneration produces a third output – usually chilled water. This could be an attractive solution for a plastics processing plant. The input is usually gas. However, waste materials can also be used, at least in principle. This would require a large-scale plant with adequate supplies of waste material and the right combustion technology to use it. 

Penetration of cogen is quite high in Europe, particularly in Scandinavia. This is because there is a high demand for heat, mainly for district heating systems. Penetration in Australia is much lower and has mostly been in the sugar industry. Bagasse, the waste from sugar cane after the sugar is removed by crushing, is the main input and it provides about 4% of Australia’s electricity. But it is dependent on renewable energy credits to be viable.

There are examples of cogen installations in Australia such as the Sustainability Victoria building in Melbourne. It uses an absorption chiller system to provide chilled water for air conditioning. The plant is operated by Cogent on a contract basis. The electricity price is generally higher than normal rates but it becomes attractive considering the hot and cold water that is also supplied.

Examples

Several examples are included in the module (Table 9)

Table 9 Examples of energy savings through process design

	Company
	Product/Process
	Change
	Energy Savings

	Peguform GmbH
	Automotive door module
	Integrated foam-in-place PU gasket
	300 MWh/year electricity saving, logistics simplification

	Gerresheimer AG
	Medical plastics systems
	Replaced 15 hydraulic machines with all-electric
	900 MWh/year electricity saving

	AGRU Kunststofftecknik GmbH
	Pipe extrusion plant
	Krauss Maffei ‘QuickSwitch’ system
	100 MWh/year electricity saving due to quick product changes

	
	
	
	


AT $0.14/kWh, a 100 MWh per year saving would be worth $14,000. These large-scale process design investments would not have been justified by energy savings alone, but also through productivity improvements, changes in maintenance, logistics, and possibly product  quality improvements.

How Learning will be assessed

Learning will be assessed using Assessment Task A12. This assessment task should be scheduled after completing Module 8.

Module 9 - Energy Efficiency through Product Design

Time

45 minutes

Intent

This module is to show how significant energy efficiency improvements can be achieved through product design. Getting the best energy saving benefit from product design requires the use of Life Cycle Thinking (Module 4), plus knowledge of the possibilities in process design (Module 8).

Key Learnings

1. Knowledge about how product design can save energy throughout the life cycle 

2. Light-weighting as a key tool for energy saving

3. How the use of recycled materials can life cycle reduce energy use

4. The effect of end-of-life options on life cycle energy use

Discussion Points

Life cycle approach

An important point is that energy efficiency through product design can be captured at different stages in the life cycle. While manufacturers will only see direct energy savings at the processing stage, good product design can provide other benefits such as meeting Product Stewardship obligations or demonstrating compliance with the Australian Packaging Covenant.

Polymer manufacturing & light-weighting

Obviously, the less plastic that is used, the less energy is required to make it. The benefits of light-weighting are well known and designers would normally try to reduce the amount of material used in a product. However, we usually look at the reduction in terms of the materials cost only. When you also look at the effect of light-weighting on energy use across the whole life cycle, the benefits become even higher.

It really makes sense to invest in the design process and work hard on taking material out. Computer Aided Engineering (CAE) methods may add to design costs, but they are essential for optimizing parts to be functional with the minimum amount of material. Usually you would combine this with cooling analysis so you are also minimizing cycle times for further energy savings.

Prototyping is also an important part of the design process. CAE doesn’t always give confidence in performance and it cannot simulate all possible use scenarios. Physical prototypes are relatively easy to make through rapid prototyping methods. Prototype tooling may also be worth the cost.

This kind of detailed design process is used in the automotive industry, where weight saving has always been important because it translates to energy efficiency in service and lower fuel consumption. For example, the VW Golf front bumper achieved a 6.6% weight reduction through redesign between the Golf V and Golf Vi models, although both parts used the same material (10% talc filled polypropylene) and they are similar sizes. This would have been achieved largely through wall thickness reductions.

Optimum product weights are not achieved easily. Figure 10 shows how 500 mL Coca Cola PET bottles have been light-weighted over a 13 year period. Weight reductions of 38% have been achieved and this is reflected by a similar trend in energy savings
. In fact the energy savings would be higher due to the much higher throughput, faster cycling and higher efficiency of new machines. 
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Figure 10  Weight and energy use for Coca Cola 500mL PET bottles

How was this achieved? Base designs have been improved greatly since the original designs with a separate ‘cup’ moulding for reinforcement. Necks and closures have also been optimized to be much thinner and shorter while still providing reliable sealing. Light weighting makes the bottle less rigid when filling, so process stability is essential. Improved PET grades have also helped by providing greater stiffness.

Recycle content and bioplastics

We have shown how the embodied energy of plastics is high. Another way of reducing the energy required for plastics manufacturing is to use recycled material. The energy involved in recovering and reprocessing recycled material is generally much lower than the energy required to make virgin material. Substantial reductions can be obtained even with 30% recycled material. Of course, the more you put in, the lower the embodied energy. But there is usually some compromise with processing characteristics and performance, so high levels may not be effective.

The use of recycled material is becoming more and more common in a wide variety of products. It is widely accepted and is mandatory in some cases, such as under government ‘green’ procurement policies. Food grade recycled materials are used in food packaging, such as PET juice bottles and HDPE milk bottles in the UK. New ‘On-Pack’ labels are being introduced in the UK, which explicitly state the recycle content. Consumer surveys show this is strongly supported and can be a positive marketing message.

Another approach is to use bioplastics made from renewable resources. PLA or polylactic acid is an example. It is made from maize rather than oil feed stocks. Generally, in Life Cycle Assessments the energy required to grow renewable feed stocks is not counted because it is mostly renewable energy from the sun.

Primary processes

Material selection will make a difference to the energy used in processing. A low density material like polypropylene will generally require less energy per unit volume than a high density material like PVC, simply because you have to process less kg.

High melting point materials like polyether sulphone, and high viscosity materials like pipe grades, will require more processing energy. Do not use a low flow extrusion grade when a higher flow injection grade meets the performance requirements.

High flow materials can provide additional benefits by allowing thinner wall designs and faster cycle time. Higher cost, premium processing materials may be a better solution if energy costs are considered as well as the material price.

Flow additives can also help. They are widely used in pipe and profile extrusion to reduce processing energy.

Material selection also determines whether energy is needed for drying or not. Of course, this is unlikely to be the major material selection criterion, but it should be considered.

There may be scope to consider extrusion processes, which have a lower SEC than injection and blow moulding. As discussed in Module 8, if the design includes a long prismatic part, it may be better more energy efficient to design if as a profile extrusion and cut it to length. Thermoforming from sheet, preferably extruded in-line, may also be an energy efficient alternative to injection or blow moulding. But you need to consider this early in the design process.

Generally, design for parts integration is also going to help energy efficiency by requiring fewer moulding cycles, although possibly on larger parts, and by reducing assembly operations. Tooling design is also important. Multi-cavity tools increase the throughput on a machine, which may push energy consumption down the SEC curve. Hot-runner tools may also help by eliminating the energy required for removing and granulating sprues and runners.

We have already talked about light-weighting, but it is important for energy saving in the primary process. There is less material to dry and then heat to the moulding temperature, less requirement for cooling and potential for faster cycle times.

There are also various technologies to reduce part weight further. Foaming can be achieved with chemical blowing agents or with gas. Hollow parts can be produced with a number of technologies. They have to be considered early in the design process.

Secondary processes

Most secondary processes use a small amount of energy compared to the primary process. However, this energy can still be significant and worthwhile savings could be obtained by designing the part to eliminate or reduce them.

Blow moulding and rotational moulding can involve a lot of trimming. Additional energy is used for granulating and recycling the trim material.

Welding uses energy. Other design options, such as snap-locks and adhesive joins use very little energy. A better option is to eliminate assembly altogether through designing for parts integration, possibly with a more complex moulding process.

Painting processes with drying ovens are particularly energy intensive. It may be possible to design the product for in-mould labelling or coating to avoid this. If painting or coating cannot be eliminated, it may be possible to design for a less energy intensive process such as powder coating or UV cured coatings.

Packaging, distribution & use

Some packaging is simply unnecessary. Large retailers overseas, such as Wal-Mart, are pushing to eliminate unnecessary packaging. One example of this trend is deodorants. They used to be displayed on supermarket shelves in individual cardboard boxes. The cardboard boxes have now been largely eliminated.

But there are still plenty of bad examples such as a razor pack with several vacuum formed plastic bits, an injection moulded spare blade holder, cardboard and paper. Another example is packs of 5 lemons in a plastic tray enclosed in a flexible plastic wrap.

If you eliminate or reduce packaging, you use less material and less energy, create less waste, and save money.

The design should also allow for efficient packing densities during distribution. There are opportunities to improve both the pack weight and pallet utilization, combining to save a significant amount of energy during distribution through fewer truck movements and lighter loads. You do not see this improvement on your power bill, but your customer will and your product can be more competitive.

Product design can provide more durable products that can be reused more times. A plastic produce tray can be reused hundreds of times, whereas the cardboard tray it replaces lasted only 1 to 5 trips. Using Life Cycle Thinking, the functional unit is the delivery of one tray of produce. The plastic tray is much more energy efficient as the energy used for production per trip is much lower than for the cardboard tray.

In Module 4 we discussed examples of energy saving in the use phase of a product. Good design maximizes these advantages for the user and, at least in some cases, will reduce the energy required in manufacturing.

End-of-life options

In general, life cycle energy efficiency is highest if the product can be reused. Closed loop recycling is also high because it allows replacement of the embodied energy in virgin material. Down cycling also does this, but it is transferring the energy into a different product and is not actually reducing the life cycle energy use of the product we started with.

Recovery of the energy through combustion or a waste-to-fuel process is also possible. This recovers the calorific value of the embodied energy. These processes depend on the availability of collection systems and recovery plants. 

The selection of compostable materials can allow recovery of the material as compost.

Landfill is the worst option for energy efficiency as all the embodied energy is lost.

How Learning will be assessed

Learning will be assessed using Assessment Task A13. This assessment task can be scheduled after delivering Module 9.

Module 10 - Summary

Time

5 minutes

Intent

The trainer is to use this module to reinforce learning and key points.

Key Learnings

It is important to also address the role implementation, monitoring and evaluation in effecting significant energy efficiency improvements in products & processes.

Discussion Points

It is not necessary to present all slides in this module, particularly if time is tight at the end of the training session.  The power point slides are only meant as reminders of key concepts that have been covered earlier.

How Learning will be assessed

Assessment Task A14 should be completed before the end of the training session.

The trainer should encourage the undertaking of follow-up Assessment A15, both to complete the MSAENV472 competency assessment and to practice the concepts trained by implementation in the workplace.

Case Studies

Introduction

A number of Case Studies have been developed for this training course. It is not necessary or possible to run through all case studies in the course, although 4-6 case studies should be run to expand on the course material in the PowerPoint Training Modules.

Case Studies should be selected by the trainer when developing their specific training plan, to be appropriate to the participants, and scheduled at appropriate points in or between Training Modules.

Table 10 Case Studies and associated Training Modules

	Case Study
	Title
	Associated Training Modules

	
	
	

	C1
	Milk Crates
	4 and 9

	C2
	Electric moulding machines
	8

	C3
	Chillers
	7

	C4
	Compressed air
	7

	C5
	Mac Pro
	3, 4 and 9

	C6
	HDPE and PET Bottles
	4 and 5

	C7
	O-PVC Pipe
	8 and 9

	C8
	Fence Pickets
	8 and 9

	
	
	


Case Study 1- Milk Crates

Time

15 minutes

Intent

To support the material in Module 4 (Life Cycle Thinking) and Module 9 (Energy Efficiency through Product Design). 

Key Learnings

To assess alternative product design options for total energy efficiency, it is necessary to understand the product life cycle and the material, design, use and disposal options.

The durability of a multi-use product, such as a milk crate, has a big effect on life cycle energy use.

Discussion points

The design brief is for a plastic crate that will hold 16 one-litre bottles of milk, with set external dimensions. The customer is a retailer that can collect and return the crates after each trip.

Three competing designs are proposed.

1. “Standard crate”, injection moulded from virgin HDPE

2. “Recycled material crate”, injection moulded with high-content of post-consumer HDPE from used milk bottles 

3. “Heavy-duty crate”. Proposed re-design with high modulus glass-fibre reinforced PP

Key parameters using the product life cycle approach are:

· mass of crate; 

· embodied energy of the raw materials;

· energy required to mould crate;

· energy required to transport crate;

· average number of trips before damage, and,

· net embodied energy recovered (if any) at end-of-life.

The Case Study is provided with data for the above. The data in the spreadsheet is a mix of data from literature and reasonable estimates.

Base assumptions are that it is a returnable crate system with average 500 km round-trip distribution from central warehouse(s) to retail, and that 70% of damaged crates are either successfully recycled as a closed-loop into new crates (Option 2) or sent for recycling by a third-party.

Table 11 Key assumptions and results from Case Study 1

	
	Option 1
	Option 2
	Option 3

	
	Virgin HDPE crate
	Recycled HDPE crate

(70% closed-loop)
	GF-PP crate

(15% GF)

	Weight of crate
	1.1 kg
	1.2 kg

(10% thicker ribs)
	1.2 kg

(denser material)

	Energy per crate, cradle-to-grave
	165 MJ
	100 MJ

(40% less)
	260 MJ

(60% more)

	Average of return trips before breakage
	100
	50
	200

	Energy used by per 100 trips 
	165 MJ


	200 MJ

(60% more)
	130 MJ

(12% less)

	Net Energy per 100 trips after crediting recycling of scrap
	125 MJ
	200 MJ
	110 MJ

	Virgin material consumption per 100 trips
	1.1 kg


	0.7 kg


	0.6 kg


With the above assumptions, the GF-PP crate would be best in terms of embodied energy per trip, followed by the virgin HDPE crate, particularly if the damaged crates are recycled.

The relative results are however quite sensitive to the number of trips before breakage. The recycled HDPE crate was assumed have half the durability and the GF-PP crate twice the durability of the virgin HDPE crate. If the recycled HDPE crate had the same durability as the virgin HDPE crate, then it would be the preferred material. 

In summary, for an example of transport packaging:

· re-useability is a highly desirable characteristic from a product life cycle perspective;

· recyclability of the product is also important;

· the use of recycled material will improve the product life cycle if durability (functionality) is comparable, and,

· if the transport consists of longer trip distances, then light weight becomes increasingly important.

Case Study 2 - Electric injection moulding machines

Time

20 minutes

Intent

To support the material in Module 8 (Energy Efficiency through Process Design).

Key Learnings

A number of details about the pros and cons of electric moulding machines vs. hydraulic moulding machines are given as a case study on improving energy efficiency through process design.

Discussion points

Injection moulding machines with all-electric actuators for the clamp and injection unit use considerably less energy than hydraulic machines. Hybrid electric-hydraulic machines are available, where the press is still hydraulic, but the injection unit electric. This improves the overall efficiency, although all-electric machines are inherently the most efficient, especially at smaller sizes.

Table 12 Average specific energy consumption (SEC) of different types of injection moulding equipment, excluding auxiliaries (Thiriez and Gutowski, 2006)
	Machine Type
	Average SEC

(kWh/kg)

	Hydraulic
	0.92

	Hybrid
	0.46

	All-electric
	0.41


Hydraulic machines use an electric motor to drive a pump, pressurizing the hydraulic fluid. The hydraulic pressure is then converted to motive force. 

The pump loading varies widely during the moulding cycle but will use 50-75% of rated power even under low loads.  

The use of electric servomotors in electric moulding machines provides a direct link from ‘motor to motion’ and use no energy when stationary.  

Other advantages of electric machines are greater precision, allowing reduced cushion, and possibly lower rejects. In addition, they can reduce cycle time significantly by running the screw-back at the same time as mould opening and part ejection.

Lack of hydraulic fluids can increase cleanliness of plant as there is no chance for leakage, spray or vapours from hydraulic fluids.

Maintenance has advantages and disadvantages. The balance of benefits may depend on actual machines and maintenance procedures, but on balance it has been suggested that the lack of hydraulic fluids, filters and pumps result in lower maintenance costs than the additional maintenance of servomotors.

Electric machines have been limited to smaller clamp sizes, but they are becoming available in larger sizes. They have also been significantly more expensive than hydraulic machines, but this gap is decreasing. 

Electric machines are characterised by lower fixed energy use, and so the SEC (see Module 7) is much less sensitive to throughput compared with hydraulic presses. 

The long-term trend in the EU and Japan in particular has been to all-electric machines, with an estimated 80% of new injection moulding machines being all electric, compared to perhaps 20% in Australia. They are probably the biggest opportunity for energy saving in the plastics processing industry.

Case Study 3 - Chiller energy efficiency

Time

10-15 minutes

Intent

To support material in Module  7 (Process Optimization)

Key Learnings

1. Cooling systems are a significant sub-process within plastics processing

2. There is a range of design options from central to distributed systems

3. Mould cooling can use a lot of energy

4. Much of this energy use is necessary, but the system can still be optimized

Discussion points

The process thinking hierarchy highlights aspects used in optimization:

· Where is energy being used?

· Can the demand for the service be reduced?

· Are there losses/wastes that can be reduced?

· Can the supply system be made more efficient?

· Can we recover waste energy (heat)?

Some specific optimization examples in chillers are:

· Can the injection or extrusion process be run at lower melt temperature without worsening quality or production rate?

· Can the chilled water set point be raised without worsening quality or production rate?

· Are the chilled water distribution pipes adequately insulated to reduce waste energy?

· Are the chillers working to specification?

Process measurement of chilled water flow rates and temperatures can be useful to pick-up changes in plant loads or chiller efficiency.

Example 1

Each 1oC reduction in melt temperature should reduce chiller electricity use by around 0.5% due to reduced cooling load
. If tighter control of process conditions allowed for melt temperatures to be reduced by an average 10oC across a 3,000 tonnes/y production facility, there could be:

· 5% reduction in energy used at the chiller;

· 11 MWh/y less electricity consumption, and

· approximately $1,500 per year saving.

It may be important to stress that this example is only a small saving overall, but it doesn’t require capital expenditure, only improved process control.

Example 2

A U.S. injection moulder running a centralized chiller system reported that they raised the chilled water set-point temperature from 7.2 to 8.8 oC, and reduced their chiller energy use by 4.2%.

Beyond optimization, there are opportunities for new cooling systems to save significant amounts of energy through process design. Options include the configuration of the cooling systems – distributed or centralized, type - refrigerated chiller types or cooling towers.

Case Study 4 - Compressed air

Time

15-20 minutes

Intent

To support material in Module  7 and 8

Key Learnings

Most plastics processing plants have central compressors providing high pressure air for distribution through the plant. Compressed air is useful, but it is an expensive source of energy.

Discussion points

About 10% of all industrial energy in the UK is used to make compressed air. 

Compressed air commonly accounts for about 3% of energy use in plastics processing facilities, but much more in blow moulding plants.

A key issue is that compressed air has about 90% system losses from energy input to output, that is, only  about 10% of energy is actually converted to useful service. 

Up to 30% of the generated compressed air is wasted due to leaks, misapplication and poor control. Even a well-maintained system can lose 10% to leaks.

Reducing energy use can be achieved by applying energy management tools to reduce wastes (Module 7), by design of the system to optimize energy efficiency, or design of the process to reduce or eliminate the requirement for compressed air (Module 8).

Some key questions should be asked:

· Where is energy being used?

· Can the demand for the service be reduced?

· Are there losses/wastes that can be reduced?

· Can the supply system be made more efficient?

· Can we recover waste energy (heat)?

Case Study 5 - Mac Mini

Time

10 minutes

Intent

Product design and product lifecycle illustration 

Key Learnings

An example of a deliberate environmental policy affecting product design and marketing.

Discussion points

The Apple Mac-mini was designed to be resource efficient:

· uses 68% less plastic than prior design;

· easily recyclable aluminium housing;

· delivery packaging 50% recycled content paperboard;

· meet RoHS, and also BFR-free and non-PVC internal cabling, and

· offers take-back scheme for recycling.

Life cycle assessment showed that an estimated 77% of greenhouse gas emissions across the product life cycle come from customer use, 21% from production, and 1% each from transport and end-of-life.

Discuss with the group. What do they think of this? What else could have been done?

Example:
The publication does not mention if energy efficiency of the computer in use was improved, although more than 70% of climate change impact is from energy use.

Case Study 6 - Embodied energy of plastic bottles

Time

15 mins

Intent

To be delivered to support material in Module 4 (Life Cycle Thinking).

Key Learnings

1. Embodied energy is affected by the energy efficiency of each step in the product life cycle.

2. Knowledge of the energy use by process stage enables reasoned discussion of opportunities to improve the product life cycle to decrease embodied energy.

3. Improving energy efficiency in production reduces embodied energy.

4. Closed-loop recycling also reduces the embodied energy, even though recycling uses energy (so long as recycling is less energy intensive than virgin production, which it is for plastic bottles)

Discussion points

The embodied energy is a measure of energy used, being the sum of each energy use related to the provision of the functional unit (in this case, the production of a bottle made from HDPE or PET).

For HDPE bottles, the HDPE polymerisation and the bottle manufacture by extrusion blow moulding are the two dominant uses of energy in the product life cycle. Similarly, for PET bottles. 

The data shows that PET polymerisation uses more energy than HDPE, although energy use in bottle manufacture is roughly comparable. Therefore, a PET bottle has higher embodied energy than a HDPE bottle.

Using recycled content reduces the embodied energy of the PET bottle, and may change that relative ranking. The same reduction would happen for HDPE bottles if closed loop recycling were to be implemented.

Case Study 7 – PVC-O Pipe

Time

5 minutes

Intent

To support the material in Modules 8 (Process Design) and 9 (Product Design).

Key Learnings

An example of combined process and product design:

· PVC-O pipe uses 25% less material use than standard uPVC pipe;

· requires lower manufacturing energy, and

· has improved properties.

Discussion points

The oriented PVC (PVC-O) pipe process utilizes molecular orientation during extrusion to increase the yield strength of the material. This is done with a two-stage process, first extruding through a pipe die, then bi-axially orientated over a special die head. 

The higher yield strength allows for a thinner pipe wall (25% less material). Impact strength and fracture strength are also increased. The pipe is however less stiff, although this is not normally a limiting factor in design for underground pipes. 

The embodied energy of the PVC-O pipe is reportedly significantly less than for uPVC or HDPE pipe of equivalent performance.

Smooth interior surfaces and marginally larger internal diameter also reduce fluid friction and therefore pumping energy, further improving the product life cycle energy.

Case Study 8 - Fence Pickets

Time

10 minutes

Intent

To be delivered to support material in Module 6 (Calculating Costs & Benefits), Module 8 (Process Design) and Module 9 (Product Design).

Key Learnings

1. The design of a product can affect choice of production process.

2. Significant energy savings are possible through product design combined with process design.

Discussion points

In the case where there is an existing product, a change in the market demand can be an opportunity to improve the product & process design.

This Case Study is for a hypothetical situation where a company is extruding fence pickets. It is a simple hollow profile, rigid PVC extrusion manufactured on a small profile extrusion line.

A large on-going export order will lead to a tripling of production.

One option is to buy 2 more identical extruders and dies to triple production. Another option would be to buy a larger, more efficient extruder, to cope with the larger production (and perhaps re-assign the old production line).

The larger volume could also justify a re-design of the tooling and part. The wall thickness could be reduced by adding internal ribs to maintain stiffness. This would reduce the material consumption by 18%, and reduce the process energy by allowing a faster production rate, and lower SEC, on the new line.

Assessment Tasks and Marker Guide

Assessment Maps

Table 13 Assessment Tasks and Methods

	Assessment Tasks
	Assessment Method
	Key- Assessment Methods

	A10
	A, E
	A      Written responses to questions

B      Oral questioning

C      Demonstrations

D      Projects

E      Case Study

F      Report

G     Third Party Workplace Observation Report

H     Submission of completed work documentation

I      Oral presentation

	A11
	A
	

	A12
	A
	

	A13
	A
	

	A14
	A,D
	

	A15
	D, F
	


Table 14 Matrix of Evidence of Competency and Assessment Tasks

	Critical Aspects of Evidence
	A10
	A11
	A12
	A13
	A14
	A15

	These may include the ability to:

• monitor and investigate current resource usage
	(
	(
	(
	
	
	

	• develop plans to improve sustainability
	
	
	
	(
	(
	

	• implement environmental improvements
	
	
	(
	
	(
	(

	Consistent performance should be demonstrated. For example, look to see that:

• environmental performance is routinely monitored and investigated

• areas for improvements are followed through and the implemented changes are in turn monitored and investigated.
	
	
	
	
	(
	(


	
	A10
	A11
	A12
	A13
	A14
	A15

	1. Investigate current practices in relation to resource usage.


	1.1 Identify environmental regulations applying to the enterprise.
	(
	
	
	
	
	

	
	1.2 Assess procedures for assessing compliance with environmental regulations
	(
	
	
	
	
	

	
	1.3 Collect information on environmental and resource efficiency systems and procedures, and provide to the work group where appropriate.
	(
	(
	
	
	
	

	
	1.4 Measure and record current resource usage by members of the work group. 
	
	
	
	
	
	(

	
	1.5 Analyse and record current purchasing strategies.
	
	
	
	
	
	(

	
	1.6 Analyse current work processes to access information and data and assist in identifying areas for improvement.
	
	(
	
	
	(
	(

	2. Set targets for improvements.
	2.1 Seek input from stakeholders, key personnel and specialist.
	(
	
	
	
	(
	(

	
	2.2 Access external sources of information and data as required.
	
	
	
	
	(
	

	
	2.3 Evaluate alternative solutions to workplace environmental issues.
	
	(
	(
	(
	
	

	
	2.4 Set efficiency targets.
	
	
	
	(
	(
	

	
	A10
	A11
	A12
	A13
	A14
	A15

	3. Implement performance improvement strategies.
	3.1 Source techniques/tools to assist in achieving targets.
	(
	
	
	
	(
	

	
	3.2 Apply continuous improvement strategies to own work area of responsibility and communicate ideas and possible solutions to the work group and management.
	
	(
	
	
	(
	(

	
	3.3 Integrate environmental and resource efficiency improvement plans for own work group with other operational activities and implement them.
	
	
	
	
	(
	(

	
	3.4 Seek suggestions and ideas about environmental and resource efficiency management from stakeholders and act upon them where appropriate.
	(
	
	
	
	(
	(

	
	3.5 Implement costing strategies to fully value environmental assets.
	
	
	
	(
	
	(

	4. Monitor performance.
	4.1 Document outcomes and communicate reports on targets to key personnel and stakeholders.
	
	
	
	
	(
	

	
	4.2 Evaluate strategies.
	
	(
	(
	
	(
	

	
	4.3 Set new targets and investigate and apply new tools and strategies.
	
	
	
	
	(
	(

	
	4.4 Promote successful strategies and reward participants where possible
	
	
	
	
	(
	(


	Evidence for MSAENV472 – A10: Current practices in energy utilisation
	1. List some environmental regulations, which currently apply to your business, and those which may apply in the future.

Now:

	

	

	Future:



	

	2. For your business, who are the key stakeholders, who will be affected by any improvement in the sustainability of your work practices.



	

	

	


3.1 Reducing material useage has immediate advantages but can affect the recycling as illustrated in this case study. Explain.

	

	

	

	3.2 Polyamid 2000 seemed certain to succeed and Shaw’s investment, although much smaller, seemed like a huge gamble. Of the seven points below, tick those which would help convince Shaw’s directors to make the investment? What about your company?

	Points to convince directors to make the investment:
	Shaw
	Your

	1. an opportunity to gain the goodwill of & improve its reputation in the eyes of consumers, governments and other stakeholders in the context of an ever-greening public mindset
	
	

	2. an opportunity to ‘get the jump on’ competitors and perfect new technology in advance of looming legislative requirements
	
	

	3. an opportunity to gain the market advantage offered by being the first to successfully upcycle carpeting ie. maintaining its value
	
	

	4. an opportunity to better predict and manage the currently volatile raw materials costs


	
	

	5. citing studies showing the strong, positive and growing correlation between a company’s sustainability and its competitiveness and financial performance
	
	

	6. petroleum, a main requirement for current production methods, is non-sustainable and prices are volatile
	
	

	7. stakeholders are increasingly demanding social responsibility from organisations


	
	


	3. Sustainability will be an important driver in manufacturing. Rank the following, with 1 being the most significant, for your particular industry or market sector, and give a reason for the top few.

Issue

Rank

Reason

1. Carbon pricing (tax or trading scheme) is coming

2. Growing emphasis on ‘carbon footprint’ reduction

3. Customers will expect more from their suppliers

4. Opportunities for energy efficiency to lower costs

5. Opportunities to promote social responsibility

6. Opportunities to innovate with greener products 

7. Other



	4. Explain why reducing energy consumption in the production of plastic products, will become increasingly important.



	

	

	5. What are the three areas of opportunity for energy saving in production of plastic products and which is typically the largest?

	

	

	

	6. Why is Life Cycle Thinking (LCT) important when setting targets for improving energy efficiency?



	

	

	

	7. In what ways do you believe LCT will be important for you and or stakeholders, such as your customers and or suppliers



	

	

	8. From the LCT case studies on blow moulded bottles, which are the two areas of greatest embodied energy, and what are their typical values?



	


	Marking Guide:  Evidence for MSAENV472 – A10: Current practices in energy utilisation
	2. List some environmental regulations, which currently apply to your business, and those that may apply in the future.

Now:

	Should include at least two relevant regulations based on Module 2 slides.

Answers could include: EEO2006, ISO 14001, EPA regulations, ROHS etc



	Future:

	Should include at least two relevant regulations based on Module 2 slides.

Answers could include: EEO2006, ISO 14001, Carbon Tax etc


	2. For your business, who are the key stakeholders, who will be affected by any improvement in the sustainability of your work practices?



	Should include examples as discussed in Module  2 slides- depends on the participants business area,

But in general customers, suppliers and employees




3.1 Reducing material usage has immediate advantages but can affect the recycling as illustrated in this case study. Explain.

	

	Less virgin material used in the product means less material available for recycling.

Need to ensure ongoing supply of recyclable raw material.



	3.2 Polyamid 2000 seemed certain to succeed and Shaw’s investment, although much smaller, seemed like a huge gamble. Of the seven points below, tick those which would help convince Shaw’s directors to make the investment? What about your company?

Should tick all from list for Shaw and several for their own company, to demonstrate application to their own situation

	Points to convince directors to make the investment:
	Shaw
	Your

	8. an opportunity to gain the goodwill of & improve its reputation in the eyes of consumers, governments and other stakeholders in the context of an ever-greening public mindset
	Y
	Y

	9. an opportunity to ‘get the jump on’ competitors and perfect new technology in advance of looming legislative requirements
	Y
	Y

	10. an opportunity to gain the market advantage offered by being the first to successfully upcycle carpeting i.e. maintaining its value
	Y
	Y

	11. an opportunity to better predict and manage the currently volatile raw materials costs


	Y
	Y

	12. citing studies showing the strong, positive and growing correlation between a company’s sustainability and its competitiveness and financial performance
	Y
	Y

	13. petroleum, a main requirement for current production methods, is non-sustainable and prices are volatile
	Y
	Y

	14. stakeholders are increasingly demanding social responsibility from organisations


	Y
	Y


	9. Sustainability will be an important driver in manufacturing. Rank the following, with 1 being the most significant, for your particular industry or market sector, and give a reason for the top few.

Issue

Rank

Reason

1. Carbon pricing (tax or trading scheme) is coming

4

Should rank and give some reasons.

2. Growing emphasis on ‘carbon footprint’ reduction

3

3. Customers will expect more from their suppliers

6

More awareness of sustainability

4. Opportunities for energy efficiency to lower costs

1

Lower cost and environmental impact

5. Opportunities to promote social responsibility

5

6. Opportunities to innovate with greener products 

2

7. Other

7

Government regulations will require our business to act



	10. Explain why reducing energy consumption in the production of plastic products, will become increasingly important.



	Electricity costs are rising at an increasing rate. There is an opportunity for companies to differentiate themselves by being proactive, cost efficient and increasing their sustaintability.

	Customers are expecting and requiring ongoing price downs.



	11. What are the three areas of opportunity for energy saving in production of plastic products and which is typically the largest?

	As discussed in Module 3 slides: Product Design- largest, Process Design, Process Optimisation.


	12. Why is Life Cycle Thinking (LCT) important when setting targets for improving energy efficiency?



	Should include points as discussed in Module 4 slides. Typical answers would be: You are able to measure current energy useage use. This is a benchmark for improvements.

It helps to identify where the most significant changes need to be made.



	13. In what ways do you believe LCT will be important for you and or stakeholders, such as your customers and or suppliers



	Should include points as discussed in Module 4 slides. Typical answers would be: Energy reduction, which provides cost reduction for customers.



	14. From the LCT case studies on blow moulded bottles, which are the two areas of greatest embodied energy, MJ/kg and what are their typical values?



	Polymerisation  HDPE 21 PET 42

Bottle Manufacture HDPE 22 PET 20




	Evidence for MSAENV472- A11: Monitoring energy consumption 
	15.  Monitoring energy usage and analysis of different potential changes is an important continuous improvement strategy. E.g. The Production Characteristic Line (PCL) allows you to determine relationships between production level and energy usage, and to define the so-called base load (energy consumption when there is no production. If the base load was 35% of the maximum load, what action would you take?
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	16. One approach to evaluating your energy efficiency, is considering the SEC vs Output. What do you learn from the graph below?
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	17. Give two examples of how you could improve energy efficiency by process optimisation:



	

	


	Marking Guide: Evidence for MSAENV472- A11: Monitoring energy consumption
	 The answers provided here are a guide to the requirement for this assessment task. These answers guide the trainer to what is  a typical minimum requirement to achieve “accepted” for this task. This then contributes to the complete assessment for that unit of competency.

18. Monitoring energy usage and analysis of different potential changes is an important continuous improvement strategy. E.g. The Production Characteristic Line (PCL) allows you to determine relationships between production level and energy usage, and to define the so-called base load (energy consumption when there is no production. If the base load was 35% of the maximum load, what action would you take?

If the base load is >30% it is a concern, since 10% is more typical. There electricity costs should be reviewed.
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	19. One approach to evaluating your energy efficiency, is considering the SEC vs Output. What do you learn from the graph below?

Continuous processes use less energy than cyclic processes due to losses in opening and closing moulds etc.

Larger outputs are more efficient, since less heat losses per kg etc.
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	20. Give two examples of how you could improve energy efficiency by process optimisation:



	Monitor electricity base load and process load etc 

Review machine running conditions including set temperatures, times and pressures


	Evidence for MSAENV472 - A12: Process Design improvement strategies
	1. Select one area of your business, eg injection moulding, logistics: ​​​​​​​​​​​​______________________

Comment on those issues which may be relevant for your workplace 

The Process Design Approach involves analyzing issues including:

Issues for investigation:

Where is energy being used?

What is the energy being used for?

Can it be used more efficiently?

Can we replace high-grade energy (electricity) with low-grade energy (heat)?

Where is energy being wasted along the way?

How much energy is being wasted?

Can the amount of wasted energy be reduced?

Can waste energy (heat) be recovered?



	2. Energy Efficiency improvements can be achieved by exploring a range of alternatives, then selecting the most energy effective solutions.

	Alternative solutions to reduce energy usage:

Areas for investigation:

1. Primary Processing:

e.g.

-Integrate sequential processes 

-Optimum size machine for the required output 

-Clamp T, Injection unit size, Extruder screw 

-Multi-cavity tooling can increase efficiency

2. Electric injection moulders instead of hydraulic injection moulders

3. Secondary processes:

e.g. Painting & coating processes

4. Electric motors

5. Variable Speed Drives (VSD)

6. Process automation 

7. Dryer design and size

8. Granulator design 

9. Compressors 

10. Cooling systems 

11. On-site co- or tri-generation of electricity plus heat (and chilled water) 



	3. Electric Injection moulding machines are more expensive, but offer savings. List 3 areas: 



	


	Marking Guide for: Evidence for MSAENV472 - A12: Process Design improvement strategies
	1. Select one area of your business, eg injection moulding, logistics: ​​​​​​​​​​​​______________________

Comment on those issues which may be relevant for your workplace 

The Process Design Approach involves analyzing issues including:

Issues for investigation: Refer Module  8- depends on participants role and business
Where is energy being used?

Electricity for processing equipment

What is the energy being used for?

Injection moulding and extrusion

Can it be used more efficiently?

Could consider electric injection moulding machines

Can we replace high-grade energy (electricity) with low-grade energy (heat)?

We should explore this

Where is energy being wasted along the way?

Radiated heat from processing equipment

How much energy is being wasted?

Not measured currently

Can the amount of wasted energy be reduced?

Probably

Can waste energy (heat) be recovered?

Needs investigation



	2. Energy Efficiency improvements can be achieved by exploring a range of alternatives, then selecting the most energy effective solutions.

	Alternative solutions to reduce energy usage:

Areas for investigation: Refer Module  8- depends on participants role and business
1. Primary Processing: e.g.

-Integrate sequential processes 

-Optimum size machine for the required output 

-Clamp T, Injection unit size, Extruder screw 

-Multi-cavity tooling can increase efficiency

Review clamp tonnage and cycle times

2. Electric injection moulders instead of hydraulic injection moulders

Could consider electric injection moulding machines

3. Secondary processes:

4. e.g. Painting & coating processes

Not relevant for us

5. Electric motors

Needs investigation

6. Variable Speed Drives (VSD)

Already do this 

7. Process automation 

Already do this

8. Dryer design and size

Will use these principles for next purchase

9. Granulator design 

Will use these principles for next purchase

10. Compressors 

Will use these principles for next purchase

11. Cooling systems 

Needs investigation

12. On-site co- or tri-generation of electricity plus heat (and chilled water) 

Needs investigation



	3. Electric Injection moulding machines are more expensive, but offer savings. List 3 areas: 

Lower energy useage and peaks, no cooling of Machine, cycle time reduced by 10%, less maintenance of oil filters

	


	Evidence for MSAENV472- A13: Product Design improvement strategies 
	1. Energy-efficient product design across the life cycle, involves considering each of these steps. For one of your main products, list opportunities for your business and rank them by importance:
Step

Rank

Opportunities for further investigation

Polymer manufacturing, e.g. lightweighting, recycle content, bioplastics.

Primary processing e.g. material selection, process selection

Secondary processing e.g. Trimming, assembly decoration

Distribution e.g. reviewing packaging, returnable

Use phase e.g. less fuel used in cars/planes

End-of-Life phase e.g. recovery recycling

Other 



	2. If you were selecting heating system for a new factory, what are the advantages of each heating method and which would you select for a new site? 

	Gas heating

625 GJ/year of natural gas through a boiler

At $16/GJ   = $10,000 /year

At 66.13 kgCO2-e/GJ 


= 41,330 kg CO2-e/year

= 41.33 tCO2-e/year 


	Electric heat pump 
55,600 kWh/year of electricity with heat pump

At $0.16/kWh   = $8,896 /year

At 1.06 kgCO2-e/kWh

= 58,940 kgCO2-e/year

= 58.94 tCO2-e/year 




	Marking Guide: Evidence for MSAENV472- A13: Product Design improvement strategies 
	3. Energy-efficient product design across the life cycle, involves considering each of these steps. For one of your main products, list opportunities for your business and rank them by importance:
Step

Rank

Opportunities for further investigation

Polymer manufacturing, e.g. lightweighting, recycle content, bioplastics.

3

Refer Module 9 – opportunities and ranking depends on participants role and business, so this guide is of typical answers. 


Reduce wall section to improve cycle time
Primary processing e.g. material selection, process selection

1

Hot tips for tooling

Automated robot for hopper

Secondary processing e.g. Trimming, assembly decoration

2

Distribution e.g. reviewing packaging, returnable

4

Use phase e.g. less fuel used in cars/planes

5

End-of-Life phase e.g. recovery recycling

6

Other 



	4. If you were selecting heating system for a new factory, what are the advantages of each heating method and which would you select for a new site? 

	Gas heating

625 GJ/year of natural gas through a boiler

At $16/GJ   = $10,000 /year

At 66.13 kgCO2-e/GJ 


= 41,330 kg CO2-e/year

= 41.33 tCO2-e/year 

More expensive but lower GHG
	Electric heat pump 
55,600 kWh/year of electricity with heat pump

At $0.16/kWh   = $8,896 /year

At 1.06 kgCO2-e/kWh

= 58,940 kgCO2-e/year

= 58.94 tCO2-e/year 

Cheaper but rising costs and higher GHG


	Evidence for MSAENV472- A14: Plan for Energy Efficiency Implementation
	As we come to the end of this 2 day course, your task is to :

· Select an area of your business or a major plastic product you manufacture, and investigate opportunities for energy saving through product and process design. This could be through: analyzing the current energy use pattern, over a period, eg. the last 12 months, and using the PCL method; investigating energy use for a particular machine or process and determining the SEC; setting targets for energy reduction through process optimization; investigating the payback for a process redesign; investigating opportunities for energy efficient product design.

· Draft out a plan using the headings below, to review the energy use.

	1. Which Energy efficiency opportunities may be most relevant to your workplace?

Energy measurement 

Electricity supply efficiencies

Product design

Process design

Process control

Retrofitting equipment

New Technology 

Equipment selection choices

Process Optimisation

Staff operation

Management systems and practices

	2. Area:  (Describe the area you will investigate eg. production, or whole site, and why)

	

	

	3. Project:  (Describe the project you plan to carry out)

	

	

	

	

	4. Tools: Information or tools you will need to measure current energy usage pattern: 

(Eg. Production output figures, current electricity, gas, water bills, purchasing strategy, energy meter)

	

	

	

	

	

	5. List possible energy efficiency approaches which may have an appropriate payback: (Eg. Running trials to see if we can decrease heating & cooling temp’s)

	

	

	

	

	

	6. Stakeholder Consultation: Who should you consult with to seek suggestions and ideas about energy efficiency improvements. ( Eg. government programs, consultants, ongoing operational efficiency reviews) 

	

	

	

	7. What payback period would be acceptable for energy efficient improvements?



	8. For one of these approaches, what targets of energy efficiency improvement would be appropriate?



	

	

	9. List possible benefits of this energy efficiency improvement:



	

	

	10. How could you document the outcomes from any investigation and improvement you undertake?

	

	

	11. How could you promote successful energy efficiency strategies?

	

	


	Marking Guide: Evidence for MSAENV472- A14: Plan for Energy Efficiency Implementation
	As we come to the end of this 2 day course, your task is to :

· Select an area of your business or a major plastic product you manufacture, and investigate opportunities for energy saving through product and process design. This could be through: analyzing the current energy use pattern, over a period, eg. the last 12 months, and using the PCL method; investigating energy use for a particular machine or process and determining the SEC; setting targets for energy reduction through process optimization; investigating the payback for a process redesign; investigating opportunities for energy efficient product design.

· Draft out a plan using the headings below, to review the energy use.
Each participant will give different answers, but we are looking for evidence  which may include the ability to:

· monitor and investigate current resource usage

· develop plans to improve sustainability

· implement environmental improvements


	1. Which Energy efficiency opportunities may be most relevant to your workplace?

Energy measurement 

Electricity supply efficiencies

Product design

Process design

Process control

Retrofitting equipment

New Technology 

Equipment selection choices

Process Optimisation

Staff operation

Management systems and practices



	2. Area:  (Describe the area you will investigate eg. production, or whole site, and why)

	Eg  production area

	

	3. Project:  (Describe the project you plan to carry out)

	Investigate the thermoforming heating cycle vs cooling cycle with an aim to switching off oven when in the cooling cycle

	

	4. Tools: Information or tools you will need to measure current energy usage pattern: 

(Eg. Production output figures, current electricity, gas, water bills, purchasing strategy, energy meter)

	Measure electricity useage and monitor throughout cycle.

	

	

	5. List possible energy efficiency approaches which may have an appropriate payback: (Eg. Running trials to see if we can decrease heating & cooling temp’s)

	Calculate maximum energy savings 

	

	6. Stakeholder Consultation: Who should you consult with to seek suggestions and ideas about energy efficiency improvements. ( Eg. government programs, consultants, ongoing operational efficiency reviews) 

	Equipment manufacturers and consultant and government advisors

	

	

	7. What payback period would be acceptable for energy efficient improvements?

One year

	8. For one of these approaches, what targets of energy efficiency improvement would be appropriate?



	10 to 20%

	

	9. List possible benefits of this energy efficiency improvement:



	Future cost savings, reduction in Greenhouse gases

	

	10. How could you document the outcomes from any investigation and improvement you undertake?

	Before and after senarios

	

	11. How could you promote successful energy efficiency strategies?

	Put on agenda and monthly meetings


Name:                                                              Date:                  Student No:                Accepted: 

                                                                                                                                      Initialled:

	Evidence for MSAENV472 A15: Report on Plan for Energy Efficiency Implementation 
	In order to review the implementation of your plans, review your progress using the following headings: (You will receive a follow up call in December or January, to ask you regarding your progress. It would be useful to make write some comments under each of these headings. 

	1. Area:  (Describe the area you investigated eg. production, or whole site, and why)

	

	

	2. Project:  (Describe the energy efficiency project you planned to carry out)

	

	

	

	

	3. Barriers:  (Describe the barriers you came up against and how you were able to overcome them)

	

	

	

	4. Effectiveness: (To what extent were you able to implement your plan? Can you estimate the energy  saved or a % improvement?)

	

	

	

	5. What aspects worked well:

	

	

	6. What lessons were learned:

	

	

	7. What other opportunities have you identified for consideration?

	

	


Name:                                                              Date:                  Student No:                Accepted: 

                                                                                                                                      Initialled:

	Marking Guide: Evidence for MSAENV472 A15: Report on Plan for Energy Efficiency Implementation 
	In order to review the implementation of your plans, review your progress using the following headings: (You will receive a follow up call in December or January, to ask you regarding your progress. It would be useful to make write some comments under each of these headings. 

	1. Area:  (Describe the area you investigated eg. production, or whole site, and why)

	Typical answers might be: Production with x machines making containers 

	

	2. Project:  (Describe the energy efficiency project you planned to carry out)

	Investigate the thermoforming heating cycle vs cooling cycle with an aim to switching off oven when in the cooling cycle

	

	

	

	3. Barriers:  (Describe the barriers you came up against and how you were able to overcome them)

	Other more immediate priorities

	Lack of coaching to be clear of actual steps eg a hot line for guidance would help.



	

	

	4. Effectiveness: (To what extent were you able to implement your plan? Can you estimate the energy  saved or a % improvement?)

	5%

	5. What aspects worked well:

	Generated awareness of current electricity costs which surprised us all, the the opportunities to reduce our useage



	

	6. What lessons were learned:

	Must prioritise long term opportunities

Energy management is important for sustainability and competitiveness.



	

	7. What other opportunities have you identified for consideration?

	Cheaper electricity rates

	Waste water, and product design by removing some thick wall sections
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� The concept of “eco-efficiency” was promoted by the World Business Council for Sustainable Development (WBCSD), a peak industry body formed after the “Earth Summit” of 1992.


� Calculated by assuming an SEC  of 0.83 kWh per kg of PET for stretch blow moulding. Note the slight increase in energy in the 2007 figure related to the parison thickness profile required to achieve the weight reduction.


� This is as typically the melt is cooled by about 200 K in plastics injection  moulding
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