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Abstract

The paper is a review of Cleaner Production (CP) assessments that were undertaken for four food processing companies in Queensland – a meat processor; a minimally processed vegetable/salad producer; a honey company and a food ingredients manufacturer.  Issues associated with eco-efficiency are discussed along with specific opportunities for savings in water, energy, solid and liquid waste.  Food processing companies use significant quantities of energy, in particular, for refrigeration, heating, chilling, compressed air and operation of processing equipment.  Likewise, significant quantities of water are used in products and for cleaning, steam production, cooling water and other operational uses such as conveyor lubrication and for pump seals.  Payback periods for suggested CP opportunities are discussed along with successes and perceived barriers to the further implementation of CP.  The future direction of the Queensland eco-efficiency study is described.  
The Food Processing Sector
Cleaner Production (CP) is a relatively new concept (the term was coined by UNEP [United Nations Environment Program] in 1998) that links environmental performance and economic performance, intimating that by improving aspects of a company's environmental impacts, then some measure of economic gain can be attained.  This is contrary to the previous predominant view that environmental improvements were linked with financial costs.  In order to understand how CP can be used in the sector it is necessary to identify the trends that are clearly influencing the development of the food sector.  These include: increased consumer concern and awareness in terms of food safety, nutrition and environmental protection; lifestyle changes such as increased number of women in the workforce, smaller families and aging populations; reduced at-home food preparation, increased consumption of takeaway food, restaurants and processed convenience foods.  The industry is also changing through increased automation, greater integration from production to further processing and the formation of larger company structures through mergers and takeovers.  
These trends are resulting in increased pressure to deliver cost effective, high quality, safe food.  In the United States, new food products are introduced into the competitive market at a rate of some 10% annually (Senauer 1991).  Multinational involvement, technology transfer and improving management systems across national boundaries are also lifting food quality standards.  This is driving the need to develop effective management programs to ensure product quality and minimise risk in terms of food safety and environmental protection.  Interestingly, Mead et al (Mead 1999) estimate that food-borne diseases cause approximately 76 million illnesses, 325,000 hospitalisations, and 5,000 deaths in the United States alone each year.  Known pathogens account for an estimated 14 million illnesses, 60,000 hospitalisations, and 1,800 deaths.  CP trends in the food industry worldwide are driven by the need for increased profits from waste minimization and resource efficiency and the supplementary benefits of cleaner, safer food.  The Victorian government, for example, is seeking to promote the marketing advantage of “Clean and Green” food, especially targeting exports to increase the competitiveness of Australian food and has undertaken benchmarking studies to try and improve competitiveness.

Cleaner Production has been applied in many sectors but arguably not been taken up extensively by the food sector.  In recent years case studies detailing Cleaner Production have started to appear but they are often quite generic.  On discussing the issues with companies in the sector it appears that many companies have not been introduced to the concept and staff are relatively unaware.  Contrast this with HACCP programmes where possibly because of the links with trade, safety or litigation great progress in taking the concept on board has been made in a short time.  Food production is an important part of the economy in most countries and because of its environmental and economic influences should easily be prepared to adopt the principles of Cleaner Production.  The CSIRO, - Australia's premier research organisation, has recognised this major role for the food sector and has developed a series of strategies to support research to add value to the food chain, including producing novel food products, improved meat processing techniques and improved safety detection and control mechanisms (http://www.csiro.au/csiro/stratplan9700/sectors.html, accessed 23/12/2002).   Cleaner Production is thus another way to enhance the competitive position and profitability of the sector.  The United Nations Environment Programme (UNEP) Cleaner Production in Food Working Group, based at the University of Queensland, has recognised that the food sector has an important opportunity for CP uptake, at the factory, through distribution channels and also earlier in the production chain.  We have been seeking to apply CP principles and tools to achieve eco-efficient outcomes for several years now.  Studies have been carried out in bakeries, abattoirs, biscuit and cake manufacturers, prawn farms, meat processors, chicken growers, banana farms, fresh salads, food ingredients, honey and for the retail food sector, among others.  We have produced manuals and reports and have been attempting to integrate the principles of CP and eco-efficiency into mainstream business activity.  
Food plants can be large producers of wastes and large consumers of resources.  Our challenge is to minimize waste expenditure and resource costs to make the sector more sustainable and competitive.  We believe that achieving eco-efficiency will help to assist the sector in becoming more sustainable and more competitive, especially in the areas of export where environmental issues are becoming more contentious.
The Need for Eco-efficiency/CP

Resource utilisation and Waste Management Expenditure:

The food processing industry spends a significant amount of money on waste management and environmental protection measures.  In fact it spends the most of any sector in manufacturing.  During 2000-2001, the Australian food, beverage and tobacco sector (ANZIC Code 21) spent $164 million on environment protection measures such as taxes, levies, fines, licenses, and disposal and treatment services.  Of this $68 million was spent on solid waste management and $57 million was spent on liquid waste management.  A further $100 million of capital expenditure was made for purchases to enhance environmental protection (Australian Bureau of Statistics 2002).  
Many food products have an inherently high level of waste.  Mardikar and Niranjan (1995) point out that 60-70% of some vegetables can finish up as waste.  Many other raw products, such as seafood, have significant quantities of waste particularly as the level of processing increases.  Because food wastes are organic they have been traditionally viewed as being benign “it’s only food”.  However as manufacturing has become increasingly concentrated in larger factories, the quantities of wastes and their concentrations can be very high.  If these waste streams are not managed carefully they can create significant environmental impacts; pollution of rivers and waterbodies, air pollution including odours and even land pollution if large quantities of organics are distributed on inadequate areas of land.  In the end we can even have hygiene and public health issues, let alone nuisances.  
Another issue of growing concern to the sector is packaging.  The food sector is probably one of the most obvious users of considerable quantities of packaging that will eventually finish up as post-consumer waste.  Although undoubtedly essential for most applications, the sector is coming under increasing pressure to use less packaging and to use forms that are more environmentally benign.  Another issue of great concern is the need to minimise chemical use generally and of course toxic chemicals specifically.  In food processing the need for sanitisation and the overwhelming requirement to produce safe food is a prime determinant of what chemicals to use and the conditions in which they are used.  However, the sector is taking seriously the perceived demand by consumers for less harmful chemicals and for the most responsible use of the chemicals allowed.
Water:

Fresh water is one of Queensland’s most precious resources, and governments and water authorities have been actively promoting greater water efficiency.  Despite being a relatively small user compared to agriculture, there is pressure on manufacturers to reduce water usage and this is demonstrated by the trend towards increased water supply costs as local government heads towards full cost recovery of water and waste treatment services.  For example, since 1997, water supply costs in the Brisbane City Council region have risen from 0.60 $/KL to 1.13 $/KL.
Water use is highly variable in the food processing industry due to the diversity of operations taking place.  Of all the manufacturing industries, food processing is the highest water user in Australia, accounting for just over 30% or 241706 ML (ABS 2002).   

Plants discharging treated wastewater to municipal sewerage systems face the greatest limitations and costs.  Many local authorities currently charge on the basis of the organic loads (BOD/COD) and volumetric loads.  However for some catchments, additional charges for nutrient loads (nitrogen and phosphorous) are being introduced now and mass load charging schemes are already underway.
Full cost recovery charging has not been applied to sewer discharges to date.  However this situation is changing.  Local authorities and water boards, especially those in metropolitan areas, are in the process of formulating charging systems that will progressively increase wastewater discharge fees on a user-pay basis until full cost recovery is achieved.  The time frame for this is unclear, however it can be predicted that water and wastewater costs will rise significantly over the next few years and regulations will continue to be applied more stringently.
Energy:

The food sector is not a large energy consumer compared to operations such as minerals processing, however energy use and conseequent costs can be a major driver for eco-efficiency in some plants.  For example costs for drying, refrigeration and heating can be very significant in the overall cost of the product.  One factor inhibiting the adoption of energy efficiency and the use of renewable energy in Australia has been the realtively low cost of energy and little application of demand-side amangement.  Historical trends show that energy prices are more susceptible to political and economic factors than issues of resource scarcity or environmental impacts.  Food processors should be looking to minimise energy consumption, especially as it is typically the greatest of all utility costs.  
These basic issues are obviously key drivers to showcase the need for improving efficiency, however on their own they are probably not sufficient for systematic activities in the area to be undertaken.  This is why the Queensland eco-efficiency project for the food sector was instigated.
The Queensland Food Eco-efficiency project

In order to take advantage of the above drivers a full food sector eco-efficiency project was developed that could transfer the results state-wide and involve many companies.  The work is innovative and collaborative, involving state government departments (EPA, Department of State Development), local councils, the Australian Water Association (AWA), Federal departments (Australian Food Fisheries and Agriculture - AFFA), The University of Queensland, an industry association - The Australian Industry Group (AIG) and of course many companies.  The project provides different fora where individual stakeholders can communicate the benefits to their peers and share experiences.  Some very impressive financial savings from implementation of eco-efficiency initiatives are obviously available in the sector and local case studies demonstrate this very well.

The food project has several concurrent stages:

· Development of a website to promote and inform the project -http://www.geosp.uq.edu.au/emc/cp/Food_Project/

· Preparation of a resource manual

· Development of detailed eco-efficiency assessments as case studies for workshops

· Development of several less detailed assessments

· Production of some shorter case study materials, food industry interviews and relevancy discussions
· Providing workshops and awareness briefings
After the initial stage of compiling and preparing resources, a second stage of taking the resources into the field and optimising them by delivering workshops, seminars and industry conferences was devised.  This was to ensure the widest uptake of the concept and create a professional and viable strategy to the sector that could be sustainable.  At the same time as this project is being implemented, the Department of State Development is promoting its Queensland Manufacturing Strategy and one essential component of this is eco-efficiency in manufacturing.  As food manufacturing is an important sector in Queensland this is complementary to the food project and workshops associated with the strategy promotion provide additional venues to discuss and market the role of eco-efficiency.  The expected outcomes from the project include extensive awareness raising and providing a new resource for totally new and uncommitted companies.  As such it is expected to recruit new organisations that are totally unfamiliar with CP activities.  We also expect to obtain many local case studies and to be able to promote the project widely to different sub-sectors, including regional groups who are often neglected.
Barriers and difficulties

Organising a group of stakeholders and a diverse range of companies with totally different needs can be demanding and difficult.  Luckily, finding companies to participate has not been hard as companies have quickly recognized the benefits of participating, however the two big problems are the need for confidentiality and data availability.  Data availability is always a major issue in CP assessments, even very simple ones.  Data tends to be difficult to access in different locations with various gatekeepers and is often difficult and time-demanding to obtain.  Assessing Clean(er) Technology options is another area of difficulty.  We have attempted to start collecting supplier lists for various items of technology, but in the food sector each sub-sector may use different unit operations and custom designed equipment with different applicability.
Confidentiality is another area that requires considerable care.  All company data is treated with utmost confidentiality until the appropriate company staff member has signed off on a release version of a report or case study.  As part of the agreement, case study material has to be released to the project for marketing and detailed reports are provided to the funding bodies who also agree to keep it totally confidential, but serve as a quality control on the assessments.  To give an idea of breadth, assessments were of the order of 40-50 pages and took three months to complete, involving multiple site visits and numerous telephone calls.  {As a comparison, USAID considered that their waste minimisation assessments in Asia cost some US$18,800) per site (Stevenson, 2004}. 
Assessments

A total of eight firms was eventually chosen for detailed assessments comprising a range of interests and scales:
· Honey
· 2 beverage lines

· 2 fresh salads/prepared meals
· Ingredients specialist

· Bread producer
· Ginger manufacturer

However many more companies were visited with the aim of discovering other opportunities for eco-efficiency in different sectors and specific company needs.  The assessments are not yet complete, however preliminary findings suggest there are many opportunities for CP in the sector, although whether they are all realisable is another matter.
CP opportunities

A few of the opportunities in different areas that are of interest will be presented here.  The final review of the assessments and the manual that is being prepared will be available at our website at http://www.geosp.uq.edu.au/emc/cp.
One company that took part in an earlier assessment phase was Harvest Fresh Cuts, a company that manufactures chilled salads, is the largest in this sector in the country and also produces fresh meals.  This company realised potential in many areas of its operations.

Energy use:

Rationalisation of energy use has resulted in annualised savings of $10,000 from:
· Removal of 5 split system air conditioners and replacing with ducted air.

· Reduction in air temperature in the plant room through improved ventilation.

· Introduction of new variable speed drive air compressor, resulting in additional compressed air capacity and reduced electricity costs of $5,000 per annum.

Future initiatives include:
Introduction of heat exchangers on a processing line utilising wastewater to pre-chill / maintain chilled water temperatures, saving $18,000 per annum.


Capital Cost for Heat Exchangers - $50,000

Water use:
Since the eco-efficiency assessment was made, total water consumption on the site has reduced by 15.7% (18.2% reduction per 100,000 bags).  This represents a saving of $11,000 per annum.

Initiatives Implemented:
· Installation of a second flume washer, enabling the reuse of sanitiser water as “top up” water to the wash tank.  This resulted in a reduction of water used on that line by 28%.
· Capital Cost of Flume - $42,000

· Introduction of auto-cut off nozzles for hoses used in cleaning has reduced water for washing by 5%.

Future Initiatives

· Introduction of an environmental cleaning system to ensure accurate chemical and water usage during cleaning.  This should result in savings in Cleaning Chemicals (40%) and Water (10%).
· Capital Cost of Equipment - $21,000

An interesting aspect of the work was discovering the true cost of water on site.  It was realised that substantial quantities of cold water were being discharged that represented a cost of almost triple the purchase price.  Another issue was the role that packaging played in resource loss.  As a future project the company will investigate packaging equipment and materials and believes substantial savings can be made.
Chemical Usage

The introduction of the second flume and additional control systems on the Turrati line, have enabled sanitiser concentrations to be reduced by 30%, without loss of efficiency in microbial kill.  This has resulted in a saving of $45,000 in sanitiser costs.

Further Initiatives:
Currently investigating alternative sanitiser technologies that will provide improved microbial protection with minimal chemical addition (waste water to potable standards).


Capital Cost for system - > $ 250,000

(Information on these eco-efficiency improvements supplied by David May, April 2003).  
In summary the company has already made substantial savings in energy, water and chemical use and has identified packaging as the next major issue to be addressed.
Another company that has taken part in the project is Food Spectrum which produces a range of food ingredient products used in the production of manufactured foods within Australia and internationally.  These include over 100 types and flavours of syrups, toppings, fruit blends, dry blends and pre-mixes that are used in the production of ice cream, cake mixes, yoghurts and others.
The company was working at a number of sites and was about to move when the preliminary assessment was undertaken, however some substantial potential savings could be found and implemented after the move.  For example, improvements to the thawing operations for some ingredients could result in savings of AUD $108,000, with a payback of just over 1 year.  Other less dramatic savings include: 

· Installation of a Clean In Place system for a capital cost of $50,000 and saving of $17,800/yr
· Turning off air-conditioning when not required to save $5,900/yr in electricity costs

· A preventative maintenance program for compressed air leaks, and reducing operating pressure of the compressed air system to save $2,400/yr

· The recovery of heat from a hot water stream to pre-heat kettle feed water and save $11,300/yr for a capital outlay of $20,000.  
· The review of waste disposal practises for a potential saving of $3,500 in reduced waste disposal costs.

As can be seen payback times fro some of these measures are instantaneous.
Capilano Honey is the largest producer in the southern hemisphere and the third largest in the world and undertook one of the first studies.
Some opportunities identified included:

Gradually switching from receiving honey in steel drums to an improved design plastic drum.  The plastic drum will help prevent honey spills during the decanting stage of the process.  This and other initiatives to minimise honey spills during processing will save in the order of $20,000/yr in raw material and wastewater disposal costs.

Other opportunities identified include:

· The installation of a wax reducer for recovering wax to save $42,000/yr for an outlay of $5,000.  
· Minimising the operating pressure of the air compressor for potential savings of up to $18,500/yr.  
· The repair of compressed air leaks for a saving of up to $4,000/yr

· Reducing the use of compressed air for unscrambling bottles to save $1,000/yr.  
· Reducing air conditioning operating costs by 5% and saving $3,000/yr.

· Turning off banks of warehouse lighting when not required and reducing lighting in external areas to save up to $900/yr.  
· Investigating the use of membrane filtration of wastewater to reduce wastewater disposal costs.

Although not part of this particular project a meat processor has also undertaken a preliminary eco-efficiency study recently and demonstrated some substantial potential savings.  Information for the above taken from case studies at:

http://www.epa.qld.gov.au/environmental_management/sustainability/energy/sustainability_publications/#case

An eco-efficiency assessment at ACC’s Cannon Hill facility has forecast potential savings of $1.0 million before capital expenditure and reduction in:

• total water use by 37 percent  

• total coal use 36 percent  

• total greenhouse gas emissions by 8027 tonnes (CO2) from reduced energy use  
• wastewater by 36 percent  

• biosolids by 84 percent.
Examples of suggested improvements that would bring about some of these changes include:

• fitting efficient spray nozzles to hoses  

• reducing the water flow & pressure of water supply  

• maintaining minimum flow rates  

• eliminating all air leaks through regular inspection and maintenance  
• using water-efficient shower roses  

• recycling treated wastewater in non-food processing applications  

• introducing practices that reduce heat ingress into refrigerated areas.   

Taken from case study at: http://www.epa.qld.gov.au/publications/p00431aa.pdf

Discussion and Conclusions

Although still in its early phases, this project dramatically illustrates the range of potential CP options available to the food sector.  The meat processor case study (refer full case study on the internet) clearly demonstrates the range of initiatives available and that can be uncovered during a systematic and thorough study.  No doubt some of the potential savings are not realisable within a relatively short timeframe, but determined and cost-sensitive companies will continue to search for customer oriented solutions.  It also illustrates that a firm can selectively introduce eco-efficiency activities and that the "low hanging fruit" can be of great interest in promoting future activities.  As can be seen from the payback times illustrated, they are usually less than two years and often less than one year.  All the companies involved in the studies discovered potential savings, although not necessarily immediately available.  An issue to take into account is that the type of companies that are first to take part in such projects are often innovative and already committed to best management practices.  Eco-efficiency studies may serve to re-enforce the practices that they are already undertaking and it may be difficult to come up with large saving for little investment.

Some of the barriers to the project implementation included the slow availability of data and occasionally the need to obtain data by for example, conducting flow measurements.  Data confidentiality is always an issue.  Care was taken to ensure utmost confidentiality and to allow companies to sign off on any release of information.  A potential barrier is to find companies that are willing to become "guinea pigs" as first off volunteers.  In this case we did not have difficulty finding willing participants.  This was probably due to the benefits being offered and the role of the steering committee.  The steering committee played a dominant and supportive role in the project, suggesting potential participants, reviewing assessments and manual chapters and providing helpful advice.  The mix of government, NGO and company stakeholders provided and excellent source of useful comment and assistance.

An especially good outcome was the use of the project ream to help organise and take part in seminars across the state.  Queensland is geographically large state and as mentioned, food production is highly decentralised, so access to new information for many regionally based producers could be difficult.  
In summary, we encourage all interested parties to visit our website, download the manual and see the full range of eco-efficiency opportunities that were uncovered by this project. 
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