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Opening address and welcome
Paul Stenzel, President ARA

Good morning distinguished guests ladies and
gentlemen , friends in rendering,
Queensland – beautiful one day perfect the
next. What more can we say as I welcome you
to the glorious location of Cairns and to this
wonderful hotel ‘the Cairns international’ for our
9Th international Symposium ‘rendering - a flexible
resource’.
In terrorism
The ARA unlike some similar type organizations
here in this country does not use an agency or
consultant to put together and organize these
Symposia. Instead as each symposia finishes
we form a committee and get on with organizing
the next event. This is no easy task – starting
right from where the next event will be held. The
committee over the last 2 years has consisted of
Bill Spooncer Andy Bennett Tim Juzefowicz , Dennis
Wyatt, Rick Carter, Dennis King, Stephen Cooke,
Kevin Pratt, Craig Palmer, Bill Trollope, Toby Escott,
Robyn Edwards, Chris McDowell.
In addition to the work and guidance provided by
the committee there were 2 people for whom extra
special thanks must given as these gentlemen
shouldered the majority of the workload. These
people are our committee chairman Philip
Lambeth of AusPac Ingredients and Graeme Banks
our ARA executive officer. Despite this being our
9th Symposia the volume of work required by all
involved remains high and has been enhanced this
year by our new venue and the challenges that this
can present.
The other people that without who’s support the
show would not go on is our sponsors, our list of
sponsors this year were Keith Engineering – our
major sponsor as well as
BEC~ Feed Solutions, Commodity Inspection
services, Craig mostyn Group, Conagra Trade group,

Camilleri Stockfeeds, Kemin, Kurrajong Meat
Technology, Gardner Smith, Kerry Australia,
Peerless Holdings;Aus Pac Ingredients, Hamburg
Sud, Wilbur Ellis, A.J Bush &Sons; Meat and
Livestock Australia
And our Booth holders
Stord Norway, A&S Thai Works, Waterlilly Australia,
Kemin Australia, Rendertek,
G-Tech Separation, Foss Pacific, Meat and
Livestock Australia, Worldwide Organics, Flo- Dry
Engineering, BDI Biodiesel International, BEC Feed
Solutions, Egon Keller GMBH, Westfalia Separator,
Keith Engineering.
Pease take time to visit our booths and see the
products and services that have been put here
on display. These sponsors and booth holders
have chosen to support our industry so in keeping
with it’s a world of give and take I urge you to give
special consideration to these organizations when
next you consider making business decisions for
which any of these organizations may be involved.
To all our speakers and particularly our overseas
guests – thank you for agreeing to undertake the
requests assigned to you – I can attest these are
never easy and require a large amount of work
– We thank you for coming to share your thoughts
and views with us.
Following our last Symposia we were somewhat
errant in not getting the proceedings published
and distributed quickly. On behalf of the ARA
I would like to personally apologise for this
embarrassing and unacceptable situation. In order
to ensure that this does not happen again Stephen
Cooke has been tasked and has done an excellent
job in chasing up all speakers for their speeches
and presentations. Thank you Stephen. This will
enable the proceedings to de distributed in the
coming months
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The symposia content this year covers a broad
range of subjects in keeping with the title of the
Symposia – a flexible resource. These subjects
cover old and new technologies, old and new
uses and market analysis of our products and
an overview of some of the market access and
regulatory considerations facing the industy both
here and globally.
In a brief summary of where I see the industry
currently (more to come in ARA General meeting) I
would like to compare our industries happenings
to a book I have recently read - Lance Armstrong’s
– ‘Its not about the bike’. I started reading
expecting it to be about how he won the Tour de
France but discovered it was really something else
and found myself comparing the challenges and
fight that Armstrong faced being not dissimilar
to those experienced by the rendering industry.
Lance started off riding and winning races basically
cruising along with everything seemingly going
OK – not without challenges but going OK. Does
this remind you of rendering 70’s , 80’s, and early
90’s. Then one day Lance got crook and in the next
weeks his world was turned upside down after
the discovery that he had testicular cancer. There
were many operations performed to try and give
him back life after being told he had less than a
10% chance of surviving. Does this not remind us
of the challenges that our industry has faced on a
global basis since we managed to seemingly catch
the disease BSE. Less than 10% of surviving – it
certainly would be interesting to ask some of those
writing regulations what survival rating they placed
on the industry in the early days. Even here in this
country there were certainly some people who
questioned the future of the rendering industry
so 10% survival would certainly have been some
people’s number. In terms of facing operations
– segregated lines , feed bans, new treatment
processes, enhanced documents – the industry
certainly underwent its own operations.
Armstrong fights through operations, chemo and
the issues associated with this sort of treatment
before wanting to go back to what he is good at
– get on the bike and race – initially this is quite
a challenge as he faces challenges of tiredness,
lost skills, and there being other competitors
and people not being sure if they wanted him on
their team . The rendering industry has faced all
of these – we have been busy trying to stay alive ,
working closer with regulators to ensure the rules



under which our business operates are feasible,
to ensure we are in a position to understand and
challenge the science and perceptive arguments
that continue to present themselves. Other
competitors – our major markets have seen a
surge of strength and supply from Soy and Palm
and people becoming accustomed to using these
products against our two majors Meat and Bone
Meal and tallow.
But what did Armstrong do – he fought through all
of the post cancer challenges and found somebody
who was prepared to give him a go which helped
him to refocus. He then trained harder than he
ever had before, played smarter than he ever had
before and in the face of adversity and trying times
continued on. He made a plan and set himself a
focus. For Armstrong it was winning the Tour de
France. I think the rendering industry is at this
stage right now – we have had the BSE cancer
and yes, like Armstrong we will continue to get
checkups- but we have had the operations our
diagnostics are looking good – feed ban audits,
European food safety audits are all delivering
acceptable results, the rate of detection of BSE
globally is dropping, Variant CJD has never reached
the almost epidemic status that it was forecast
to, we have our systems in place. The operation
although it may continue to need fine tuning has
been a success- It is now time for us to get on
the bike and start riding hard again – to focus
on delivering stronger value for all our products
– from a meat and bone meal perspective we
have a few doors to markets where the key is in
the padlock starting to be turned – remembering
increased markets = increased demand = more
money (from a poor old cattle farmer this is good
for them too)– from a tallow perspective we have
this surge in world prices thanks to the demand
being created through alternate energy demand.
We need to get on our bikes and ride hard – the
timing is right for our industry to win our Tour de
France. The speakers at this symposia will deliver
us ideas and information to work with in riding
that tour – it is important we continue our quest.
Thank you for your coming ladies and gentleman.
I trust you will have an enjoyable, educational and
enterprising time.

Rolling with the punches—the Canadian
experience
Humphry Koch, Executive Vice-President, West Coast Reduction Ltd., Canada

Canada’s first case of domestic BSE, reported on
May 3, 2003 and confirmed on May 20, 2003, set
in motion a chain of events the culmination of
which was the implementation of the Enhanced
Feed Ban regulation which came into effect on July
12, 2007, the date of my departure from Canada to
attend this symposium.
Between May 3, 2003 and July 12, 2007, Canada’s
rendering industry has had to restructure itself
in an attempt to adapt to continually changing
circumstances. The impact of these changing
circumstances and the long term affects they will
have on the Canadian cattle industry, in general,
and the rendering industry, in particular, is yet to
be determined.
As a backdrop to the prevailing situation, it is
important to understand that Canada, along with
the United States, implemented a Mammalian to
Ruminant Feed Ban in 1997. The intent of this ban
was to prohibit the inclusion of ruminant derived
meat and bone meal in cattle rations. At the time
the ban was implemented, it was believed that
BSE did not exist in North America although it has
subsequently been acknowledged that between
1982 and 1990, 182 head of cattle had been
imported into Canada from the United Kingdom,
some from herds subsequently identified as
containing BSE. Prior to 1993, 68 of the imported
cattle had been slaughtered and had entered
Canada’s food and feed systems. In 1993, after
one of the imported cattle tested positive for
BSE, the Canadian Government ordered all
remaining imported cattle to be returned to the
United Kingdom or destroyed. None of the cattle
destroyed tested positive for BSE.
The 1997 feed ban was intended to supplement
import controls and surveillance measures
introduced before 1997 in response to the
outbreak of BSE in Europe and was generally
regarded by the Canadian Food Inspection Agency,

Canada’s regulatory agency, as a firewall to
safeguard the Canadian cattle industry against the
possibility of the existence of undetected BSE in
Canada.
Until the detection of a case of BSE in May 2003,
as a result of surveillance measures routinely
undertaken by the CFIA, it was believed that BSE
did not exist in Canada. At the time BSE was
detected in Canada, the United States contended
that any BSE existing in North America was
confined to Canada and it reacted immediately
to the Canadian discovery of BSE by closing its
borders to Canadian cattle and Canadian beef
products.
Besides the US, most other countries importing
cattle, beef and rendered products from Canada
prior to the discovery of BSE, elected to suspend
all trade with Canada with immediate effect.
Canada’s response to the crisis triggered by the
discovery of BSE was to invite an international
panel to review the safety of Canada’s beef and
to make recommendations. Concurrently Canada
had to deal with a burgeoning cattle population
resulting from the loss of most of its traditional
markets. In particular, the closure of the US border
to Canadian cattle and most Canadian rendered
products, including non-ruminant meals, had to be
dealt with as a matter of high priority.
The International Panel reviewing the safety of
Canadian beef made four recommendations. The
recommendations were as follows:
• Enhanced cattle identification
• Increased surveillance testing for BSE
• Complete removal and redirection of cattle
specified risk material from the entire human
food chain
• Complete removal and redirection of cattle SRM
from the animal feed chain.
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With the implementation of the Enhanced
Feed Ban on July 12, 2007 all of the panel
recommendations have been implemented.
In my presentation today I will attempt to describe
how we got from May 3, 2003 to July 12, 2007
and what the rendering industry has had to do to
remain viable while at the same time adapting to
the changes necessitated by the reaction of our
trading partners to BSE and by the implementation
of the International panel recommendations.
Following the May, 2003 discovery of BSE, the
vehicle used to establish continuous dialogue
between industrial and commercial sectors and
the Canadian government in dealing with the
crisis was the Beef Value Chain Round Table. In
Canada, round tables exist as vehicles to facilitate
dialogue between government and industry with a
view to expanding export markets. After May 2003,
the Beef Round table was expanded to include
renderers and others and one of its primary
goals was to identify and create the conditions
deemed necessary to secure the reopening of lost
markets and to discuss items such as the need
for government assistance to cattle producers in
the short term and to reduce dependence on US
slaughter facilities in the long term.
To replace lost export markets for beef and
rendered products, round table participants
concentrated their efforts on increasing domestic
consumption of beef products, on optimizing the
use of existing slaughter facilities to deal with
cull cattle previously sold south of the border,
on securing government financial assistance for
producers faced with selling cattle at fire sale
prices and on securing government assistance to
build additional slaughter capacity. Approximately
$400 million of assistance was directed towards
maintenance of Canada's embattled cattle industry
and towards infrastructure improvements. None of
this assistance was received by renderers.
Instead, renderers acting on their own initiative,
took steps to separately process ruminant and non
ruminant material. Until July 12, 2007, there was
no regulatory requirement to separately process
ruminant and non-ruminant material, providing
compliance with the 1997 regulation was achieved
by flushing. In practice, separation at most
Canadian rendering plants was undertaken within
months of the discovery of BSE in May 2003.



Canada's rendering industry is essentially regional
in nature. The three regions can be broadly
categorized as the Atlantic region comprising the
Maritime Provinces, the central region comprising
Ontario and Quebec and the four western
provinces. Canada's dairy industry is concentrated
in the central region and to a lesser extent, British
Columbia. The bulk of Canada's beef herd is
concentrated in the western provinces, particularly
Alberta and to a lesser extent Saskatchewan. There
is also some beef slaughter capacity in Central
Canada. However, in general terms, the impact
of BSE has been most severe in the Western
Provinces where all of Canada's 10 domestic cases
of BSE have been identified.
Rendering capacity in the Atlantic region is not
significant. In Central Canada, Manitoba, and
British Columbia much of Canada's rendering
capacity is devoted to pork, poultry and fish.
Rendering in Canada is mainly in the hands of
two beef packer renderers in Western Canada and
three regionally located independent renderers.
The independent renderers process both ruminant
and non-ruminant raw material and each of the
independent renderers owns multiple plants.
Because of regional factors and because the
three main independent renderers own multiple
facilities, it was possible for the independent
renderers to dedicate facilities to separately
processing ruminant and non-ruminant material
soon after the discovery of BSE in May 2003.
Separation and dedication, combined with the
ability to truck raw material long distances and
the implementation of service charges, allowed
Canada's independent renderers to react to the
BSE crisis and to quickly reestablish markets for
non-ruminant rendered products.
In the early months following the discovery of
BSE, the market for ruminant meat and bone meal
disappeared. However, although some tallow
markets were lost, new foreign tallow markets
were found and tallow margins even improved
for some renderers. Meat and Bone meal, much
of which had previously been exported, ended
up in the landfill before a domestic market was
reestablished at very low prices. The meat and
bone meal situation is about to change again
following the implementation of the Enhanced
Feed Ban regulation on July 12.
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The changes implemented by renderers following
the May 2003 discovery of BSE were possible
because of the nature of Canada's rendering
industry. Without multiple plants being available
to independent renderers and without the
technical ability to rapidly implement universal
charging systems it is unlikely that Canada's
independent renderers could have adapted to the
changed market conditions caused by BSE, without
some form of government assistance.
While structural changes were being implemented
by member companies, representatives of
the Canadian Renderers Association actively
participated in the deliberations of the Beef Round
Table. These deliberations and actions taken by
the Government of Canada in cooperation with
the Canadian Cattle Industry led to the removal of
export restrictions by the US on boxed beef derived
from cattle under the age of thirty months. At the
same time some lost tallow markets were reopened
following visits to Canadian rendering plants
by delegations of foreign officials and following
provision of evidence that all tallow exported from
Canada would meet the OIE sanctioned standard
that tallow with an insoluble impurity level of less
than 0.15% is completely safe.
US markets for non-ruminant rendered products
were reopened following dedication and separation
of rendering plants which were individually
inspected and certified by USDA officials.
One of the most interesting developments during
the period following the May, 2003 discovery,
was the way in which domestic feed mills reacted
to the total loss in value attributable to ruminant
meat and bone meal. As is well known, the use of
ruminant meat and bone meal as a feed ingredient
in poultry and pork rations is considered safe
and desirable. However, before the May 2003
discovery, Canada produced more meat and bone
meal than domestic markets were prepared to
consume. As a consequence, surplus meat and
bone meal was shipped to Asian export markets
and sold at a competitive price.
Once export markets for meat and bone meal
were lost, excess meat and bone meal was taken
to the landfill and approximately 2,000 tonnes
of ruminant meat and bone meal was dumped
before the power of the market asserted itself and
domestic buyers started buying the surplus to take
advantage of low prices. In the past two years,

Canada has sold all of the ruminant meat and bone
meal it has produced and a new and stable market
reality set in. This new reality has however been
disturbed by the enactment of the Enhanced Feed
Ban on July 12 and Canada's renderers are once
again faced with having to reinvent themselves.
One of the topics vigorously discussed at Beef
Round Table meetings and with government
officials following the release of the International
Panel recommendations, was the recommendation
that cattle specified risk material be completely
removed from the animal feed chain.
On December 11, 2004 Gazette 1 was published
by the Government of Canada. Gazette 1 set out
proposed amendments to the 1997 Mammalian
to Ruminant Feed Ban regulation. The proposed
amendments were designed to implement the
International Panel recommendation that SRM be
completely removed from animal feed. Comments
were invited and the Canadian Renderers
Association submitted its comments on February
22, 2005. In essence, the Canadian renderers took
the position that feed ban enhancements should
only be enacted in harmony with the US.
The CRA position was based on the fact that BSE
had been discovered in the US and that most of
the trade barriers erected by the US in response
to the May, 2003 discovery of BSE in Canada had
been removed or were about to be removed and
that enhancement of the feed ban was no longer a
necessary prerequisite to reopening closed borders.
Referring to the CFIA Regulatory Impact Analysis
Statement issued in conjunction with Gazette 1,
the CRA also made the point that the Enhanced
Feed Ban is not about the safety of Canada’s
food or feed. Rather, the Enhanced Feed Ban is
intended to meet international expectations and is
expected to have the added benefit of statistically
reducing the time in which BSE will be entirely
eliminated from Canada’s cattle herd.
In its response to Gazette 1 the CRA asserted that
the unilateral implementation of the Enhanced Feed
Ban would place Canada at a major competitive
disadvantage with its main trading partner, the
United States, and could lead to a contraction of
Canada's beef and packing house industry.
Despite representations made by the CRA to
the Minister of Agriculture and to other industry
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sectors, the prevailing view amongst the majority of
government officials and participants in Canada's
beef industry was that the Enhanced Feed Ban
would reduce Canada's dependence on US markets
and would ultimately lead to an improvement in
the marketability of Canadian Beef in alternative
markets.

raw SRM have resulted in most SRM generators
concluding that rendering, followed by
containment or incineration, offers the most
practical means of handling SRM. It appears likely
that most SRM will be rendered in dedicated SRM
processing lines prior to containment in permitted
landfills or destruction by incineration.

On June 26, 2006 Canada published Gazette 2,
which set out the feed ban amendments designed
to take effect on July 12, 2007.

Dealing with BSE and preparation for the
implementation of the Enhanced Feed Ban has
changed the face of the Canadian rendering
industry. It has also demonstrated to renderers
the importance of belonging to and supporting a
strong industry association. Canadian renderers,
as members of both the Canadian Renderers
Association and North America’s National
Renderers Association, have benefited from
the collective expertise, cooperation and unity
of purpose afforded by membership of these
associations.

The Enhanced Feed Ban is now in effect.
Both Canada and the US have been accorded
‘controlled’ status by the OIE.
The border between Canada and the US is open
to live cattle under thirty months of age and
expectations are high that restrictions on the
export of live cattle over thirty months of age will
soon be lifted.
The Government of Canada has provided $80
million to the provinces on a partially matched
basis to help industry finance infrastructure
changes required to facilitate implementation of
the Enhanced Feed Ban.
Renderers will be beneficiaries of government
infrastructure grants and members of the CRA will
be adding additional processing lines to facilitate
the separate processing of SRM and ruminant
material from which SRM has been removed—
referred to as SRM removed material.
Meat and bone meal derived from rendered SRM
removed material can be sold as a feed ingredient
for use in non-ruminant rations.
The regulation permits the manufacture of SRM
removed meat and bone meal from dead stock,
which is certified to be free of SRM. The economics
and practicality of removing SRM from dead stock
remains to be seen.

Rendering is no longer the silent industry.
Increasingly, despite the topical nature of the
environment, renderers are underappreciated
and their role as a significant guardian of the
agricultural environment is overshadowed by
issues such as BSE, odour management and the
urbanization of the populations of industrialized
nations such as Canada, Australia and the US.
The enhanced feed regulation implemented on July
12, has exposed Canadian renderers to many fresh
operational challenges and risks.
Permitting of new sites and facilities is increasingly
difficult to obtain.
The fragmentation of responsibility between
different levels of government makes it extremely
difficult to complete projects on time.

Ruminant derived material containing SRM must
be separated, identified by a stain or marker,
destroyed or contained.

Obtaining CFIA permits to handle SRM has been
a challenging exercise as has communicating
the CFIA requirements to suppliers at all levels.
The latter exercise is ongoing and until proper
confirmation of permitted separation is received
from suppliers of ruminant material, all ruminant
material from non-permitted or inadequately
documented suppliers will be processed as SRM.

Although the regulation allows SRM disposal
alternatives such as: restricted forms of
composting, on farm burial, land-filling,
incineration, gasification and hydrolization,
the environmental and economic difficulties
associated with disposing of large volumes of

The dispersal of raw material volumes between
separate processing lines and separate sites
erodes economies of scale previously enjoyed
by renderers and increases the requirement
for additional capital expenditure on trucks,
containers and plant facilities.
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The possibility of claims resulting from accidental
mixing has increased with the requirement to
separate SRM material from SRM removed material.
Consequently, acceptable evidence and verification
of separation and identification of SRM has to be
obtained and updated regularly by renderers.
The requirement to destroy or contain SRM has
added new cost elements to the rendering service.
These cost elements are often difficult to recover in
full and erode profitability.
Seemingly simple protocols such as clean-out
procedures and inter plant tallow shipments have to
be approved on a case by case basis by regulators.
On site regulators at rendering plants dealing with
SRM will become an additional overhead expense
to be borne by renderers.
These are some of the difficulties experienced or
expected to be experienced by renderers following
last week’s implementation of the Enhanced Feed
Ban.
Despite these difficulties and despite differences
of opinion between renderers and government
officials over the Enhanced Feed Ban, CFIA
staff responsible for implementation of the
Enhanced Feed Ban have exhibited a high level of
professionalism and cooperation with industry to
ensure its successful enactment. A high degree of
cooperation between industry and government has
also prevailed at the provincial level.
With the implementation of the Enhanced Feed Ban
on July 12, 2007, Canada’s independent renderers
face an uncertain future. The overriding question
remains, what will the United States do? If the
US decides that its existing BSE safeguards are
sufficient, Canada’s packers will be at a competitive
disadvantage with their US counterparts who will
not have to bear the cost of removal of ruminant
SRM from all animal feed and Canada’s packing
house industry could further consolidate unless
newer and larger markets for Canadian meat
products are found. This is not a good outcome for
smaller packers and independent renderers who
service their requirements. On the other hand,
independent renderers could be presented with
opportunities to render SRM for packer renderers
wishing to avoid the expense of building separate
SRM processing lines.
The next few years will reveal whether the benefits
to be derived from the implementation of the

Enhanced Feed Ban will outweigh the disruption
and costs associated with its implementation.
There will be no turning back!
Thank you for your attention. I shall be pleased to
take questions.

Chronology Of Events
1982 – 1990

182 head of cattle imported
from UK

1993

One imported animal tests
positive for BSE. Remaining
imported animals ordered
returned to UK or destroyed.

1997

Canada implements
Mammalian to Ruminant
Feed Ban.

May 3, 2003

First domestic case of BSE
reported in Canada.

December 11, 2004 Gazette 1 published –
Proposed Amendments to
Feed Ban.
February 22, 2005

CRA submission made in
response to Gazette 1.

June 26, 2006

Gazette 2 published –
Enhanced Feed Ban

July 12, 2007

Implementation of Enhanced
Feed Ban, per Gazette 2

Abbreviations
BSE

Bovine Spongiform Encephalopathy

CFIA

Canadian Food Inspection Agency
www.inspection.gc.ca/bse

US

United States of America

SRM

Specified Risk Material derived from cattle

BVCRT Beef Value Chain Round Table
UK

United Kingdom

OIE

World Organization for Animal Health
www.oie.int

USDA

United States Department of Agriculture
www.usda.gov

CRA

Canadian Renderers Association

NRA

National Renderers Association
www.renderers.org
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CTG-RENDERED PRODUCTS

Export & Domestic Suppliers of:
• Meat & Bone Meal
• Blood Meal
• Poultry Meal

• Feather Meal
• Tallow

OFFICE LOCATIONS AND CONTACTS

AUSTRALIA
Ian Bromell
Scott Weitemeyer
George Schinard

NEW ZEALAND
Marcus Adam
Phone: 64 6 836 7589

USA
Scott Bunz
Aaron Perkinson
Phone: 1 402 595 7456

Phone: 61 7 3810 2357

Proud to be supporters of the Australian Renderers Association
9th International Symposium.
First incorporated in San Francisco in 1921, Wilbur Ellis has grown to become a leading international
marketer of agricultural and industrial products.
Included in the range of products we handle, is a complete range of Rendered Protein Meals to the animal
feed and petfood markets.
Our product range includes specialized species specific proteins such as Lamb Meal and Ovine Meal as well
as Meat and Bone Meal, Fishmeal, Feathermeal and Poultrymeal.
Through our international vertical integrations we are pleased to have the opportunity of partnering our
extensive marketing services into our suppliers business.
For purchase and sales enquiries, please contact your local office:

Wilbur Ellis Australia Feed Division
3/32 Windorah Street, Stafford, Qld 4053,Australia
Ph: 61 7 33525816, Fax: 61 7 33568588
Email: chrism@wecon.com.au
Website:www.wilbur-ellisfeed.com
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A comparison of the impact of Bovine
Spongiform Encephalopathy in North America
and Australia from a regulatory perspective
Dr Andrew Cupit, Biosecurity Australia

Introduction
The relatively small cluster of cases of Bovine
Spongiform Encephalopathy (BSE) in cattle
mainly in Alberta, Canada in May 2003 has had an
enormous impact on the trade in beef, and other
meats, in North America and the Pacific – Asian
trading region. Opinions varied significantly
between scientific experts, the beef industry,
consumer groups and the general public on the
risk control measures needed to safeguard public
and animal health. The reaction was very different
from what had occurred in Europe over ten years
earlier, mainly due to the increased knowledge
of the disease and the contingency planning that
had gone into preparing for a possible outbreak.
However despite the extensive planning and
mature reaction by the general public, the shock
to significant parts of the beef industry in North
America continue to be felt and legislative changes
are still in the process of being debated and
modified.
There are many similarities in the beef production
systems between Australia and North America.
At the same time however there are also some
very significant differences. By comparing the
two systems, significant lessons can be learned
to help modify contingency plans in Australia
and therefore potentially lessen the social and
economic impacts if such a disease outbreak were
ever to occur here.

Discussion
The outbreak of BSE in Canada came as a surprise
given the last cattle or feed stuffs imported
from Europe to North America was in the early
1990s, after which time an import ban was
put in place to prevent the introduction of the
disease. Canadian experts have hypothesised
that BSE likely entered Canada during 1991-1992

when infected cattle imported from the United
Kingdom were potentially rendered and entered
the feed production system. The cattle imported
in 1990-1991 lived long enough to develop the
disease before being rendered back into the North
American feed system, probably from 1996-1998
(around which time a feed ban was introduced).
The first four BSE cases in Canada that were
diagnosed since May 2003 were born between
October 1996 and March 1998 and therefore could
represent the second cluster that occurred in North
America.
The reaction of the Canadian government and
beef industry in May 2003 was rapid, transparent,
professional and thorough. This helped to allay
consumer concerns resulting in their domestic
beef consumption actually increasing. This was the
first time this had occurred in a country affected by
an outbreak of BSE. In contrast the international
reaction to imports of Canadian beef was the same
as had been seen previously for other countries
that had been similarly affected by BSE. Canadian
beef was very rapidly banned everywhere. This was
particularly devastating for an industry that was so
export dependant resulting in rural communities in
the beef production areas across Canada bearing
enormous social hardship and adversity. Canada’s
largest customer was its neighbour, the United
States of America (USA), with their beef industries
being to a large extent interdependent. This was
most apparent along their border, for example
where many companies have operations and
interests in both jurisdictions. As is known all to
well, once borders are closed to trade it can be
very difficult to reopen them. This is despite the
international animal health guidelines for BSE, as
agreed to by members of the World Animal Health
Organisation (OIE), have provisions for trade to
recommence once appropriate risk measures
are in place. Two areas where the Canadians
excelled related to risk communication and their
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epidemiological investigation. Their messages
to the public were clear, concise and most
importantly delivered in a consistent manner by
the same credible experts. The epidemiological
investigation demonstrated the outbreak to be
centered upon one feed mill in Alberta.
The subsequent detection of BSE in a Canadian
dairy cow in Washington State in December 2003
was not surprising given the number of cattle
traded between Canada and the USA. The initial
reaction by the US government and beef industry
was similar to that of Canada, very transparent,
professional and thorough. Again the consumer
reaction followed a similar pattern to that seen
in Canadian with domestic beef consumption
remaining steady. US beef exports and imports
were roughly 10% of its total production volume
and therefore the financial impact in most sectors
of the beef industry was minor compared to that
seen in Canada. The main sector affected in the
USA involved those companies trading in the
lucrative export market of high quality beef to
Japan and Korea and the offal and variety meats
market to Mexico.
There was one major difference to emerge in the
US which was the protectionist reaction by some
industry sectors, particularly in the northern
states of the USA bordering Canada. They were
quick to stress the Washington cow was not
indigenous to the USA therefore adopting the
tactic to ‘blame it on Canada’. It was not surprising
there were financial incentives for this group to
stop cattle from crossing the border into their
region and competing at the sale yards with their
own stock. In contrast the slaughterhouses in
the Northern USA were losing heavily with the
price of available stock hitting record highs. There
are always winners and losers when you throw
into the mix something that causes trade to be
severely disrupted. One other surprising winner
was the pork industry which was quick to see the
opportunity to increase its share of the export
meat market into Japan and Korea.
The governments of both countries started
the necessary process to introduce additional
legislative control measures for BSE. This included
legislative proposals covering issues such as the
trade in beef and cattle less than 30 months from
Canada to the USA, removal of Specified Risk
Materials (SRM), changes to slaughter or stunning
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methods, the prohibition of the use of ‘downers’
or emergency slaughter cattle for human or animal
feed use, enhanced BSE surveillance programs,
changes to ruminant feed restrictions, and
other additional controls on the use of ruminant
byproducts including meat and bone meals. Some
of these proposals were introduced quickly with
limited consultation such as the SRM removal
rule. In this case it was introduced as an ‘interim
final rule’ that enables legislators to introduce
procedures because is was deemed by the
government to have an unacceptable potential for
significant human health risks. The public debate
on the legislation then occurred later.
In the case of the legislation to allow the
recommencement of trade in cattle and beef from
Canada there was no ability to use an ‘interim final
rule’. Instead the draft legislation was put through
the normal ‘rule making process’ that included
the normal public comment periods. This allowed
time for lobby groups to become organised. The
northern cattle owners quickly formed into a very
effective and vocal lobby group when it became
apparent their national beef industry organisation
had a variance in viewpoint and were lobbying
the government to reopen the border. Legal teams
were gathered and a long protracted debate was
played out in the courts and the media.
There were other legal challenges that the US
Department of Agriculture (USDA) faced as a result
of the BSE crisis. These included a challenge by
one of the beef export establishments to be able
to test all cattle for BSE. They hoped this would
enable them to export beef to Japan. The US
government was concerned with limitations of the
BSE tests regarding the sensitivity and specificity.
There is a possibility that false positives may be
detected, which the US government believed
had the potential to cause adverse consumer
confidence.
There also was a challenge by Canadian producers
seeking compensation for economic losses by
having the border closed to trade. This has
contributed to tension in some sectors of the USA
and Canadian relationship.
These public fights have sapped US government
resources especially in USDA and the Food and
drug Administration (FDA). This may have slowed
their ability to move ahead on other important
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issues such as amendments to their ruminant
stock feed and byproducts proposals. Legal
challenges have the potential to make legislators
more conservative and have the potential to
greatly slow any other risk control initiatives. The
unfortunate side effects are that other animal
disease control programs may have suffered due
to the diversion of valuable resources. For example
in the USA the debate on animal identification has
also been an area of keen interest between the
various beef industry lobby groups.
The other area that continues to be played out is
the effort to regain export markets. As mentioned
previously, once import bans are put in place they
can be very difficult to get them removed. We have
seen a major and possibly long term change in the
pattern of trading beef in the Asian-Pacific region.
In general it must be stated that the major beef,
stock feed and rendering industry bodies between
countries continued to cooperate well. This is
because of the mature relationship in the five
nations beef association which includes Australia,
Canada, New Zealand, Mexico and the USA. The
rendering industry has also been an industry in the
spotlight for many years since the discovery of BSE.
The governments in both countries introduced BSE
surveillance programs that targeted cattle most
likely to be affected by the disease. These testing
programs were designed to provide sufficient data
to allow USDA to more accurately estimate the
prevalence or level of BSE within the U.S. cattle
population and demonstrate over time the success
or otherwise of risk control measures. It was also
noted that given the trade in stock feeds between
the two countries, potentially an indigenous BSE
case may be detected in the USA. Subsequently,
in over a million test results, a further two BSE
cases have been detected, one in Texas and one
in Alabama. However it should be noted these
cases were in much older cattle (10 years or older),
did not display typical BSE symptoms and the
laboratory results were dissimilar to, so called,
normal BSE cases. These ‘atypical BSE’ cases had
also been detected in some European countries
and the significance are still to be fully evaluated.
Some scientists believe these should not be called
atypical BSE but have there own unique name. Two
atypical cases in Italy were named Bovine Amyloid
Spongiform Encephalopathy (BASE).

It would be naive to think the reaction in Australia
would be dissimilar. There are many similarities
with the beef industry in the USA and Canada. One
notable example is that Australia is very export
dependant like Canada. Like in North America, there
are various sectors of the meat industry that stand
to make significant profits and losses based on the
subsequent government legislative reaction that
is needed to control, eradicate or prevent animal
disease outbreaks, such as BSE. Therefore careful
studies of what has happened in those countries
that have had outbreaks should be made to
improve existing well developed contingency plans.
Strong legislative control measures should be
based on sound science. However it has become
evident there are many areas of science we must
be aware of. For BSE these include medical science
(human or public health), veterinary science
(animal health), legal science and pseudo science.
Unfortunately the third and forth types of science
have figured prominently in the BSE debate in
many countries. Besides contingency plans that
include emergency response management and
cost sharing agreements, what other plans can
governments and industry have ready in case
an outbreak of BSE is detected? Can legislation
be drawn up to be ready to be enacted? Can
compensation programs be made ready? Can
enhanced ruminant and stock feed restrictions be
planned? Can plans be made for better utilizing
rendered animal waste? For example should this
waste be utilised for energy or industrial use?

Summary
We live in an increasingly litigious society. Industry
and consumer groups have come to realise the
serious nature of lobbying government. Industry
and consumer advocacy groups don’t just monitor
issues and provide comment on legislative
proposals. Some lobby groups are increasingly
using the tactic of legal action as a means to either
severely disrupt or even overturn government
legislative decisions, even those based on rigorous
scientific import risk assessments. These actions
will only lead to governments becoming more
conservative and have the adverse effect to divert
valuable limited resources into fighting court cases
rather than improving animal and public health
control systems.
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R&D and EU Rendering Recovery
Stephen Woodgate, Beacon Research,Technical Director, EFPRA

Introduction
The European Fat Processing and Renderers
Association (EFPRA) represent the interests of
the fat processing and renderers in the European
Union. Approximately 15.5 million metric tones of
raw materials are processed each year by EFPRA
members in approximately 400 processing plants
throughout the European Community. In 2000, the
European rendering industry was severely affected
by the phenomenal disruptions in the marketplace
caused by the ‘feed ban’. Many markets for
their products actually ‘disappeared’ overnight.
Consequently the profitability of the sector and in
its ability to pass value down the livestock chain
has suffered. As a result, the dramatically reduced
returns from the by-products sector (mainly due
to increases in service charges), has reduced the
competitiveness of the whole meat industry within
the EU.
Of course, research and development projects are
considered (by most researchers) to be absolutely
essential tools in findings solutions to such
problems of disappearing markets. In addition,
many researchers believe that they are able to
deliver good value for money, although most
accept that it is unlikely to be a quick process.

Is research and development really the answer
to such a crisis though? In this paper, as well as
outlining the actual projects initiated since 2000,
an attempt is made to evaluate the economic
impact of a range of research and development
projects (be they successful or not).
In 1990, the world of fat processing and rendering
was clearly very different to the state of the
industry today. One of the biggest changes has
been in relation to the legislation governing the
processing of animal by-products. The watershed
for this major change was of course BSE (together
with scrapie in sheep, termed TSE). The EU animal
by-products regulation ABPR/1774, [Regulation
1774/2002] has in effect given a structure for
the industry to build upon. It is helpful to the
understanding of how Europe has recovered,
to consider the changes made since 1990
and compare this with the current legislative
framework. Figure 1 gives a summary of the 1990
and 2002 requirements for by-product segregation
and the applications possible for the processed
products. A more extensive overview of the
ABPR/1774, and all of the potential processes and
applications is given in Woodgate [2005].

Figure 1. Summary of Animal by-product legislation in 1990 and 2002 (current)
1990

Low Risk

Raw Materials

Processed product
Applications

Abattoir
by-products

2002

Raw Materials

Cat 3

Animals slaughtered
‘human consumption’

Cat 2

Dead stock: NO TSE

Cat 1

TSE animals or
by-products

Animal Feeds
Soap
High Risk

Dead stock
inc diseased

Oleochemicals

Processed product
Applications
Animal feed**
(** proteins currently
prohibited in farm
animal feeds)

Fertiliser
Fuel/ Energy
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Rendering: Economic Values
Currently, EFPRA member companies use a range
of processing activities which produce a range of
products. These can be characterised broadly be
5
into five main groupings - known as the EFPRA F
programme. The five groups are shown, together
with a brief explanation, in Figure 2.
Figure 2: Summary of the components of the
EFPRA F5 programme
F is for…

Further explanation….

Food

All human food ingredients, including
frying media.

Feed

Includes feed for animals farmed for food
use and for pet food

Fertiliser

Includes use as straight fertilizers,
compounds, composts and digestion
residues.

Fuel

Includes use as direct fuel, processed
product as direct fuel and as a component in secondary fuel product.

Functional

All uses other than food, feed, fertilizer
or fuel.

The value generation by the EU rendering industry
over a 20 year period (1990–2010) will be made by
reference to the F5 groupings. Using this context,
the current research and development programme
will be considered in relation to the value
generation over the period, from 2000 to 2010.
Table 1, indicates the economic scenarios in 1990
and 2000 which will act as a reference point for
the European industry. The amounts of products
produced per annum (protein & fats) have been
normalized at year 2000 values for ease of
comparison. The economic values per metric tonne
of product for 1990 are estimates. The amount
of product produced per group and their value,
together with the total value for the sector per
annum are shown for 1990 and 2000.
From table 1 it is possible to see the difference in
the economy caused by the EU feed protein ban at
about that time. The very dramatic loss of value to
the industry around the year 2000 can be clearly
seen. It is also important to recognize that the cost
of actually performing the various processes also
increased significantly, so the real ‘loss’ to the
industry was compounded by this factor as well. In
addition, probably the greatest unknown in 2000
was the ‘uncertainty’ factor, where many European
businesses did not know if they had a future of not.

Table 1. Estimates of EFPRA member products and values (1990–2000)
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Research and Development
projects 2000–2007.
The projects described are in the main public
projects which set out to achieve the objectives
of adding value to the livestock chain and starting
on the road to recovery. Figure 3 describes
the research and development projects under
discussion in relation and according to their F5
grouping, and in the context of conventional
activities within each group. Both processes and
products are shown (in come cases these are
complimentary).
Note: The symbol W3 indicates that a public
website is currently online.

Food
The food sector has seen very little public research
activity. Some indirect work has been completed,
in which animal fats have been incorporated in
diets of pigs, and the subsequent pork produced
has been evaluated, (Claudi-Magnussen, 2007).
This research concluded that animal fats were
superior to poly-unsaturated vegetable fats in
regard to the composition and cooking quality of
the pork produced.

Feed
This sector has probably seen the maximum input,
although the results of the research have not yet
achieved their objective of gaining approval for
animal proteins back into animal feeds. There are
four specific research programmes of interest in
the ‘feed’ section:

Feeding Fats Safety (W3)
This is an EU project which has focussed on the
‘safety’ of feeding fats used for animal feeds. The
project is part of the 6th framework programme
on ‘Quality and safety of feeding fats obtained
from co-products or by-products from the food
chain’. Six universities/research institutes and
one private company participated in the project.
The first work package was on the characterization
and classification of fat material. The following
fat material was selected for the research project;
acids oils chemical refining, acid oils physical
refining, lecithins, recycled cooking oils, animal
fats, bleaching earth oils, fish oils, hydrogenated
fats from by products and fatty acid calcium soaps.
The reported results were focused on composition,
the presence of degradation compounds,
Peroxides, oxidized fatty acids, polymers,

Figure 3.	Overview of EFPRA activities including Research and Development projects
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trans-Fatty Acids, sterol oxidation products,
environmental contaminants PAH, Dioxin, PCBlike dioxin. In general the results were good
for animal fats. The only remarkable outcome
for animal fats was one sample with a high
PAH value. This is unusual, because PAHs are
metabolised by animals. Due to this observation
the contamination level of PAH for animal fats
was considered very low, but potentially at risk.
The level of PAH contamination for acid oils from
refiners was considered low to very high. For fish
oil and acid oil some samples were exceeding the
max legal limit of dioxin.

international experts from USA, China, Japan.
EFPRA’s role in the advisory board is to ensure that
the project goes in positive and practical way and
to insist that tests that EFPRA consider as reliable
are included in the programme.

In the second, third and fourth work packages,
research is being completed on the effects of
feeding the fats on the animals (chicken, rabbit),
meat and other tissues. Part of the study is
focussed on the effects of composition, lipid
oxidation, trans- and conjugated fatty acids and
rate of transfer of contaminants from the feed fats
into the animal tissue. In these animal studies,
productive parameters, digestibility and animal
health parameters are taken into consideration.

The ABPR/1774 requires that species identification
of PAP’s is necessary to distinguish between PAP’s
produced out of animal by-products from several
animal species. A restricted choice of tests has
been selected for further evaluation, following
the STRATFEED project which ended in 2005. The
tests under consideration are based on either
microscopy, PCR (DNA), ELISA (dipsticks, etc.) or
a combinations of the three. Details of the PCR
tests and comparisons have been published by
JRC-IRMM [ 2006]. However EFPRA are pressing
the European Commission and CRL not to wait
for the results of the SAFEED-PAP, before allowing
certain PAP’s into circulation for feed. EFPRA have
commissioned a new risk assessment (DNV 2006),
in which new estimates of risk were determined
for the use of non-ruminant PAP’s in non-ruminant
feeds. Specifically EFPRA are now requesting that
non-ruminant PAP’s be allowed in aqua-feeds
according to the schedule shown in fig 4.

In November 2007, Namur, Belgium, members of
the SAFEED-PAP team will host an International
conference on ‘Feed Safety:: Methods and
Challenges’. During the project lifetime there is
an intention is to hold a series of ‘international
workshops’, with China already being proposed as
a venue in 2008.

SAFEED-PAP (W 3)
The SAFEED-PAP started in January 2007. This three
year project will be coordinated by the CRA-W
(the Agricultural Research centre in Gembloux,
Belgium) also the home of the new Community
Reference Laboratory - Animal Proteins. There is a
management board and also an ‘advisory board’.
EFPRA is represented in the latter, along with other

Figure 4	 Schematic of EFPRA proposal to use non-ruminant PAP in aqua-feeds.

Control Tools for ss PAP to be used in Aqua-feeds
PAP Production plant to Aqua-feed Feed Mill
PAP
Production
plant

DOCUMENT CONTROLS

2

ssPAP TEST (&GTH)

1

3

AQUA – FEED
Key: Note ss=species specific (pure) PAP e.g. poulty, porcine.
1. If document controls conform then ssPAP is approved for use in Aqua-feed
2. If document controls do not conform then check PAP using ssPAP Test
[Samples at the reference laboratory may also be tested for absence of GTH]
3. If ssPAP test is conforms then approve PAP for use in aquafeed
4. If document controls and ssPAP test do not conform then dispose of PAP.
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Markers and Dyes
One of the key control tools required in regard of
the ABPR/1774, is that category 2 and 1 materials
and products are ‘marked’ to prevent any
possibility of cross contamination with category 3
by-products and products. A two stage approach
was considered to offer the maximum security. At
the slaughterhouse, different dyes were tested for
suitable marking of raw category 1 and 2 materials
in the slaughterhouse. To check the dye’s ability
to adhere to the raw material, washing with
water was tested to ensure that the dyes were
not able to be removed by a washing step. Based
on the results, shown below in figure 5, it can be
concluded that the water-soluble dyes Patent Blue
V and Methylene Blue are particularly suitable to
mark raw animal by-products.

In practical rendering processes it was seen
that the colour present in the raw materials
were ‘lost’ due to agitation and heating,
therefore an additional, second step was
proposed. In this point, it was proposed to add
Glyceroltriheptanoate (GTH) as an indelible marker
to raw material entering the rendering process. To
validate this approach, tests for a period of one
week at nine different EU rendering plants as a
marker for processed category 1 and 2 products.
During the trial period GTH was added to the
process and samples of meat and bone meal and
rendered fat were collected for GTH analysis. Figure
6 shows a typical profile of GTH (determined by
two analytical methods) in MBM after addition
to the input raw materials, during continuous
addition and after the addition stops. A similar
profile is also seen for rendered fat.

Figure 5. The effect of different dyes on animal by-products

Figure 6. Profile of GTH in one example EU rendering plant
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The stability of GTH in PAP during storage, was also
tested for 40 weeks at room temperature. During
this period GTH levels were constant. Based on
the results of these studies, GTH is proposed as a
marker for these products in the rendering plants,
(JRC/IRMM 2006).

Aquaculture Nutrition
A certain amount of nutritional evaluation R & D
has been completed during the last 5 years, in
advance of the expected re-entry of PAP’s into
aqua-feed diets. A series of experiments have
taken place at the University of Plymouth in the
UK. The species studied were European sea bass,
Turbot, Gilthead sea bream, Red tilapia and
Rainbow trout.
A group of specific characterized processed animal
proteins (PAP) were used in all experiments in
order to evaluate the effect of the different species
rather than differences between the same type
of protein. The PAP tested in the above species
were: Standard Hydrolysed feather meal, (SHFM),
Enzyme hydrolysed feather meal ( EHFM), poultry

Figure 7. Growth Response of Fish Fed PMM

22

meat meal (PMM), spray dried haemoglobin
(SDH), and blends of each feathermeal with SDH
and PMM. The control diets included a prime
quality low temperature fishmeal as a reference
ingredient.
One of the most important findings was that
poultry meal and feather meals are able to replace
high
quality fishmeals at reasonably high levels, but
also that optimum levels vary in accordance with
the specific species requirements.
For example, in figure 7 it appears that in Sea
Bream has the ability to replace poultry meal up to
25% fishmeal without any loss in performance.
For the two types of feathermeals tested, the
response in Sea Bream and Rainbow trout gave
a good indication that some fishmeal may be
replaced with feathermeal in nutritionally balanced
diets, (figure 8). The optimum inclusion levels of
feathermeals were understandably lower, due to
the fact that feathermeals are generally deficient in
some essential amino acids.
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Figure 8. Growth Response of Fish Fed Feather Meal

Figure 9.	Optimum replacement rates of fish meal by PMM
Optimum replacement rates of
fish meal proposed

Data used to estimate fish meal
replacement rates

European sea bass

25%

digestibility data

turbot

10%

digestibility data

Gilthead sea bream

25%

digestibility & growth data

red tilapia

66%

growth data

rainbow trout

15%

digestibility & growth data

Species

The results of the research work using poultry
meat meal have been recently published [Laporte
2007]. From these studies it would appear that
diets for tilapias can include high rates of PMM
(above 50%) without any negative impacts. With
respect to its overall protein availability, PMM is
a good potential protein source to significantly
replace fish meal in diets for gilthead sea
bream and sea bass diets (25-50%). Optimum
inclusion levels for turbot could not be validated
through a feeding trial but the lower digestibility
performances obtained combined with the known
EAA deficiencies of PMM would seem to limit the
possibility of large inclusions of this protein source
for turbot. Despite the slightly inferior digestibility

performance of PMM a moderate inclusion of
PMM would be still recommended for rainbow
trout at around 15-20%. Figure 9 summarises the
recommended inclusion level of poultry meat meal
in diets of a range of species and the reasoning for
each recommendation.
In addition to the publication in International
Aquafeed referred to above, further articles will
consider the effect of inclusion of hydrolysed
feather meals and the synergistic mixtures of all
PAP’s, in diets for trout, tilapia, sea bream, sea
bass and turbot. In these three linked review
articles, the results of the digestibility studies and
growth-performance trials will also be discussed.
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Fertiliser

Tallow Fuel Oil

Fertilisers, in the form of ‘organic fertilisers and
soil improvers, are an approval use of proteins
derived by the rendering industry. In addition
to ‘approved’ compost and digestion residues
from ‘approved’ biogas plants are also allowed
to be used on agricultural land. According to the
regulations (EU and National) some restrictions
on animal access to the land may apply. Some
fertilizer application studies have now commenced
at some UK crop production institutes, but at the
time of writing no results are yet available.

Research into the positive aspects of tallow fuel
oil has resulted from the somewhat complex legal
position caused by the semantics of European
waste legislation. In short, European regulators
have continued to insist that combustion of tallow
is considered to be waste disposal operation
rather than the combustion of a fuel. In attempting
to counter this assertion, and demonstrate that
the use of tallow as a fuel is environmentally
the preferred option, a considerable amount of
research into emissions has been completed by
EFPRA members. Whilst it is accepted that tallow
is a virtually carbon neutral fuel, the legal problem
lies with the terms of the ABPR/1774 which
directs regulations towards the waste incineration
directive (WID). Within the WID are strict limits
on emissions, (in particular dust) which Tallow
combustion is being forced to comply with. This
is in contrast with other equally or more polluting
fuels such as palm oil or heavy fuel oil respectively.
These two fuels are outside of the scope of WID,
so therefore do not have to comply with the strict
emission limits.

Fuel
This sector has also seen very significant research
and development activity in the period since
2000. There have been four main areas of focus.
Firstly, where rendered fat ‘tallow’ can be used
as a ‘straight’ or substitute fuel (Tallow fuel oil)
for conventional fuels in power stations, steam
raising boilers or thermal oxidisers. Secondly,
where rendered animal fat ‘tallow’ is used as a
component in a specified biodiesel processs.
Thirdly, where animal by-products are processed
raw to produce energy and fourthly when meat
and bone meal (MBM) is used as a fuel in a
combustion unit to produce energy and minerals
products.

However, by a series of monitoring assessments,
(Figure 10) a proposal has been made to the
regulators that the principles Best Available
Techniques (BAT) should apply. In this context,
using the ABPR/1774 limits of <0.15% insoluble
impurity will in fact reduce emissions of dust to
significantly lower levels than heavy fuel oil and
will give equivalent levels to an equally clean
vegetable oils used as fuel.

Figure 10. The effect of Insoluble Impurity in tallow on the distribution of emissions particulates
Distribution of particulate emissions in Steam raising Boilers and Thermal Oxidisers
12
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BIODIEPRO (W3)
As is recognised, rendered animal fat (tallow)
may be used as an important ingredient in the
manufacture of bio-diesel. A major EU project
‘BIODIEPRO ’ has been conducted, alongside private
research completed by the Saria group in Germany.
Both areas of research focussed on evaluating the
ability of the biodiesel process itself to inactiviate
TSE agent. The EU funded project (Demonstration
of the Production of Biodiesel from Tallow and
Recovered Vegetable Oil) has been conducted in the
years 2003-2005 under the coordination of Argent
Energy, UK. The institutes of the Karl-FranzensUniversity and the Technical University of Graz have
been involved. The part of the Institute of Chemistry
was the investigation, if infectious prion were
destroyed or inactivated during a two-step biodiesel
production process, developed by BDI (Biodiesel
International, Austria) and used in the biodiesel
production plant of Argent Energy in Motherwell,
Scotland. Laboratory experiments with infectious
material were carried out in the S3 laboratory of
the ‘Institut für Physikalische Biologie, Heinrich
Heine Universität Düsseldorf, Germany’. Spike
experiments were performed with scrapie prion
rods of the Hamster-adopted scrapie strain 263K.
Starting material for all different reaction steps

of the biodiesel process was spiked with prions
and the grade of destruction of the prions was
analyzed by SDS PAGE and Western Blot. It could be
demonstrated that all three biodiesel production
steps lead to a significant destruction of prion
proteins, and that overall it can be concluded that
the biodiesel production process can be considered
as a safe method for processing fat from category
I material [ Mittelbach, et al 2007]. The regulations
pertaining to the production of biodiesel from
Category 1 rendered fat [Commission Regulation
92/2005] has, in the main, been updated in
recognition of the research findings.

BIOMAL (W3)
The Biomal concept, developed in Sweden is
a good example to illustrate an opportunity
for taking a new approach compared to the
conventional wisdom of rendering, particularly for
Category 1 and 2 animal by-products. The Biomal
process is less complicated while the energy
demanding processing of the raw material into
fat and MBM is removed. The comparison of a
conventional rendering system commonly seen
in Europe (Fig 11) and the Biomal system (Fig 12),
shows that there are clear differences in approach.

Figure 11. Process outline for animal by-products showing energy inputs and outputs
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In the Biomal system, the raw material is crushed
and ground and then pumped to a fluidised
bed boiler where it is co-combusted together
with a base fuel such as wood chips, peat or
municipal waste. Energy is recovered from the
animal by-products by producing renewable heat
and electricity and the net outcome of energy
is considerably increased. In the EU, Biomal is
regarded as a renewable biofuel, which does not
contribute to the global warming and can replace
fossil fuels for production of heat and power.
The Biomal concept has some advantages as a
complete system, including the ability to reduce
or eliminate the risk for BSE-infection or other
diseases. It is also an energy effecient method
compared with the more complicated conventional
method. Since animal by-products contain fat,
this offsets the high content of ash and moisture
(which of course contain no energy) the net
heating value is very acceptable at approximately
8 MJ/kg fuel.
Figure 12. Process outline for Biomal process
showing energy inputs and outputs

Figure 13	 Schematic of BFB used for combustion
of MBM in a Combined Heat and
Power plant

The heat generated by combustion is used
to produce steam to run the plant and export
electricity to the national grid. The complete
combustion of the organic material produces
a pure mineral product, which may be used as
a fertilizer (subject to some restrictions) or as
a functional mineral (see below). Overall, the
process is also considered to be environmentally
neutral (a carbon neutral Bio-fuel) and as a result
an economic credit (carbon credit) can be claimed
for the power produced.

Functional

BFB- CHP (W3)
Since around 2000, the PDM Group in UK has
operated a biomass-fired CHP using Bubbling
Fluidised Bed (BFB) technology. This integrated
renewable energy and recycling plant is claimed
to be the first of its kind in the world. In contrast
to the Biomal process, conventional rendering
yields processed protein (MBM) and rendered
fat (tallow). The tallow is used as a fuel oil (see
above), and the MBM is prepared for use as a
semi-solid fuel which is introduced into the fluid
bed chamber (Fig 13).
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Two very different ‘non-feed’ projects (initiated as
a result of the ‘feed ban’ in 2000) are highlighted.
One is a project attempting to utilise feathers for
the production of fibre material and the second
is research studying the apatite properties of
combustion minerals.

HIPERMAX (W3)
An EU project (HIPERMAX - High Performance
Industrial Protein Matrices through Bioprocessing)
is concerned with the development of nanomaterials from biological sources such as
leather and wool, and includes the processing of
feathers into non-feed uses as one of its priority
areas. Approximately 750,000 metric tonnes of
raw feathers are produced annually in the EU.
According to current legislation (ABPR/1774),
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feathers are able to be processed into hydrolysed
feathermeal as a processed animal protein (PAP).
However, their use as a PAP in feeds for animals in
the agri-food chain is currently prohibited as part
of the current feed control rules. Consequently,
feather meal has been used as low value fertilizer,
feed for fur animals, or is disposed of as waste. All
of these options resulted in adverse environmental
and financial impacts to the poultry industry. New
and sustainable options for processing feathers
were therefore required.

possible end-use routes have been identified and
investigated. Figure 14 gives an overview of the
project to date.
Some of the main ideas for using feather fibre in
moulded products, such as plant pots, structural
material and packaging. There is also the ability
to make composites with other natural vegetable
based fibres or recovered materials such as
recycled clothing or fabrics.
Although the HIPERMAX project has now
concluded, the opportunities highlighted from
the research into feathers will be used to initiate
a new project in 2008. Here the focus will be on
the applied aspects of feather fibre use including
a rigorous economic evaluation, and taking the
developed products through to commercialisation.

The key aspect of the research was the
development of a new technique for the
production of feather composites and materials
for a range of uses. As a pre-requisite, a 4-bath
chemical washing method that proved to be
efficient for cleaning, de-odorising and sterilising
raw feathers prior to further manufacturing was
developed. Currently research into new methods
of converting the feather into fibre is ongoing,
including the employment of paper production
machinery and laminating into fibre. Several

APATITE
A UK project has investigated the properties of ash
derived from the combustion of MBM, (see below).

Figure 14	Key stops in the processing of feathers

Figure 15 Comparison of MBM (control) and heated to 700oC or 900oC
Control

700oC

900oC
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It is postulated that different temperatures of
combustion of the MBM may cause differences in
activity levels in hydroxyapatite. Figure 15 shows
the structure of the bone ash following combustion
at 700oC and 900oC compared with a control, and
it was proposed that the maximum surface shown
around 700oC would be give some additional
benefit to the ability of the bone ash to adsorb
certain heavy metals

Discussion

The most recent study completed investigated the
potential use of the MBM ash for the remediation
of acid mine water. Bone apatite incinerated at
725 and 8000C ( produced from a commercial
BFB) was tested and compared with mineral
apatite (rock phosphate). Preliminary leaching
column experiments were set up with synthetic
acid minewater Batch experiments were set up
to test the solubility of apatite from bone ash
as compared to raw MBM, rock phosphate and
synthetic hydroxyapatite. Bone ash was found
to have a sufficient metal removal capacity to be
considered for remediation of acid minewater
heavily contaminated with Iron, Aluminium,
Manganese and Lead. Interestingly the bone
ash from the 800oC outperformed the bone ash
produced at 725oC. These results are preliminary
and further studies are underway in preparation for
publication in the scientific literature.

Of the ten projects highlighted, four each can be
directly assigned to either Feed related or Fuel
related topics. The other two may be regarded
as indirectly related to loss of a feed market
(HIPERMAX) and as a by-product of a fuel use
(Apatite).

It is a fact of life that most research is initiated by
someone having ideas or ‘something’ happening
that initiates ideas to help solve a problem. In
Europe circa 2000 it is clearly a case of the latter
being the case.
‘Necessity being the mother of invention’ is as true
in this case as ever it was intended to mean.

The amount of investment in each of the ten
projects is estimated in figure 16. In the main, the
funds shown are ‘public’ in the form of research
grants from either the EU or national research
funds. In one case only, (BFB-CHP) virtually no
public money was directly given for R&D. However,
the operation of the full scale commercial plant
gained some financial support from government
via a subsidy.

Figure 16 The R+D Investment levels in the 10 projects discussed
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The estimates for total R&D spend on the ten
projects highlighted is around € 16.8 million
(over a 10 year period). If it is accepted that other
research funds are contributed from industry,
mainly in the form of ‘matching’ funds, then an
estimated total of between €30-35 million has
probably been expended in the EU in response
to the crisis of 2000. This in itself is a significant
amount and represents a significant effort by the
rendering industry and the European commission
alike at a time of great uncertainty.

member products (from the base year of 2000) is
very significant. It is estimated that the increase
in value will be approximately €500 million per
annum, if the estimated amounts and vales are
achieved. Even if only some of this increase in
value is due to the success of the research and
development programmes described, then this
could be regarded as a great success for research
in the EU.

It is also important to put this spending into
the context of the ‘added value’ achieved by
increasing market values for existing or new
products. In table 2, the original table 1 plus a
projection forward to the year 2010 is made. This
projection makes the assumption that some of the
efforts expended on projects discussed have been
successful (particularly the feed related projects).
The estimates of certain processed animal
proteins returning to the feed sector are relatively
conservative, with a considerable amount of
processed product continuing to be used as fuel.

In the face of adversity in 2000, the European
rendering industry embarked upon a stabilisation
and recovery programme. A substantial part of
the recovery programme relied upon research
and development. Although in 2007, not all
of the projects discussed have yet resulted in
dramatic changes in values, some (in the biofuel area in particular) have already delivered. In
the feed sector, the research is expected to be
completed successfully before 2010. In light of this
expectation, an increase in value of animal byproducts is projected in 2010, due to the increase
in value and use of rendered products, mainly in
the (bio-) fuels and animal feeds sectors.

As can be seen for the total assigned to the 2010
column, the increase in annual value from EFPRA

Table 2

Conclusions

Revised estimates of EFPRA member products and values – including projection to 2010
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Benchmarking rendering costs
Bill Spooncer, Kurrajong Meat Technology and
Stewart McGlashan, Meat & Livestock Australia

Introduction
Members of the Australian Renderers Association
have expressed an interest in benchmarking
costs of production across the industry. MLA is
looking at some systems that could facilitate an
exchange of information on costs while allowing
participating renderers to compare costs and
maintain the confidentiality of their data. One of
the issues for benchmarking is that data used from
different sources must be comparable. In 2006
MLA commissioned a study of rendering costs.
This project involved assessing costs at five plants.
In order to compare costs between plants the
consultant developed a model which calculates
costs using a standardized method. If the ARA
wants to pursue benchmarking cost across the
industry, the cost of rendering model would be a
useful tool for putting costs into a uniform format.
The model was developed principally to assist
abattoirs renderers but could also be used by
independent renderers.
Rendering operations are generally assumed to be
a profitable part of abattoir operations. However, it

may be difficult to separate all the rendering costs
from other costs in an integrated abattoir and in
some cases management focus may be on revenue
from rendering rather than profit. In addition,
abattoir renderers may not assign a value to raw
materials and this may exaggerate the apparent
profitability of rendering operations.
Meat & Livestock Australia has investigated some
of the costs of rendering at several rendering
plants. The conclusion from these investigations
was that it costs between $130 and $265 to
produce one tonne of rendered product. These
costs do not include a value assigned to raw
material or transport costs.
The products of rendering contribute about 3 to 7%
to the revenue from cattle and sheep processing.
The value of rendered products fluctuates from
month to month but in general prices have
changed little in the last 15 years, as illustrated in
Figure 1. During this time costs have gone up. For
example prices have increased by 45% according
to changes in the CPI. Rendered products such as
tallow and meat meal are sold on the fats and oils

Figure 1:	Historical prices of meat meal and tallow
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and protein commodity markets and renderers
cannot increase prices as costs go up. To maintain
profitability the renderer’s only option is to reduce
costs. With this in mind, the MLA project was
aimed at assessing current costs of rendering
and identifying opportunities for cost control and
reduction.

Where are the costs?
The major costs of rendering are labour, interest
and depreciation, repairs and maintenance, and
energy. Other costs such as environmental and
transport can be significant capital and/or operating
costs, particularly for renderers not associated with
abattoirs. These costs are not consistently incurred
across the industry and they were not included in
the MLA report of typical costs.
The average cost of rendering, excluding
environmental and transport costs, was $210 per
tonne of finished product according to the MLA
investigation. The range of costs was from $130
to $265 per tonne of finished product. The most
variable cost element was energy. The other costs
were generally similar at different plants.
Energy costs varied from $23 to $112 per tonne
of finished product with an average cost of about
$68 per tonne. The lowest energy cost applies to
renderers that use sawdust or wood chip to fire
boilers. Coal adds about 50% to fuel costs and
delivered gas is the most expensive.

Figure 2: Relative contribution of rendering costs
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The average labour cost was about $32 per tonne
of rendered product. Costs ranged from about
$19 to $58 per tonne of product. Labour costs
were affected by the type of rendering systems.
Plants with batch cookers were at the high end of
the labour cost range and continuous plants at the
lower end of the cost range. Labour costs are also
affected by the working hours of the plant and how
shifts can be arranged to reduce costs. The range
of labour costs is also due to the small numbers of
staff employed in rendering plants.
The average cost of repairs and maintenance
(R&M) was about $48 per tonne of rendered
product. The range of costs was from $43 to $63
per tonne of product. The difference in R&M costs
was mainly due to the age of plant with older
plants costing more to maintain.
Interest and depreciation is the other major cost.
The average cost of interest and depreciation was
about $52 per tonne of product with a range of
$40 to $65 per tonne.
The relative costs of energy, labour, R&M and
interest and depreciation are shown in Figure 2.
In earlier investigations of rendering costs, energy
costs were relatively minor contributors to total
rendering costs. In 1980 the cost of energy was
about 6-8% of the total cost of production of tallow
and meat meal compared with about 32% of total
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costs reported in the recent MLA investigation.
Repairs and maintenance have not changed
significantly. R&M accounted for about 20% of total
costs in 1980, and about 22% in the MLA study.
The comparison between the cost of rendering in
1980 and MLA study illustrates how costs have
been reduced 25 years. The total cost of rendering
in 1980 was about $75 to $107 per tonne of
finished product. In the same time the CPI has
increased by 226% which makes the equivalent
2006 costs $244 to $349 per tonne. The 2007
costs according to MLA study were $130 to $265
per tonne.
The other message from the comparison between
1980 and 2007 costs is that energy costs have
increased as a proportion of total rendering costs.
The contribution of labour costs has reduced
significantly due to the introduction of more
automated rendering systems, retrofitting of
automated systems to older plants and better
utilisation of plant capacity.

The rendering model
A model for calculating rendering costs was
developed as part of the MLA study of rendering

costs. The model calculates key performance
indicators including:
• revenue per tonne of raw material;
• revenue per tonne of output;
• estimated and actual yield of rendered product;
• labour, interest, freight, energy, and
environmental costs per tonne of output; and
• total cost per tonne of output.
The model also calculates costs per kg of hot dry
carcase weight. An example of the output page
of the model is shown in Figure 3. Table 1 shows
extracts from the output page of the model.
The model provides a means of tracking rendering
costs and benchmarking KPIs between plants. It
should assist in identifying opportunities for cost
reduction and quantifying changes in costs as a
result of cost-reduction initiatives.
The reliability of outputs of the model depends
on the quality of the inputs. Renderers can enter
their own data, particularly for known data such
as labour costs and revenue from product but the
model also includes default data, for example
yields from rendering beef raw material. The

Figure 3:	Output page of Costs of Rendering Model
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Table 1:

A sample of data from the outputs page of the Cost of Rendering Model
Calculated cost or production

Actual costs or production

Input/Output Benchmarks
Cost/tonne of raw material
Revenue/tonne raw material
Revenue/tonne output

$64.49
$294.95
$514.62

$505.47

Operations Benchmarks
Tonnes output/manhour
Labour cost/tonne output
Total staff cost/tonne output
Energy cost/tonne output
Total cost /tonne output
Total cost/kg hot dressed weight

0.974
$26.73
$31.53
$75.19
$171.80
$0.0628

0.992
$26.25
$30.97
$73.86
$168.74

Production Benchmarks
Meat meal production
Tallow production
Yield

522 tonnes
635 tonnes
57%

570 tonnes
636 tonnes
58%

Note: Data in this table is for illustration and is not derived from a specific rendering plant

data inputs used to calculate KPIs are divided
into financial and operating costs, plant and
equipment; and raw material inputs.
The financial and operating costs include the
following inputs:
• Raw material costs – While abattoir renderers
may not put a value on raw materials, the model
allows separate raw material values to be
assigned to each of slaughter floor material, fat,
bone and blood. It also allows for values to be
assigned to raw materials brought in from other
sites.
• Plant labour costs – Labour costs can
be itemised as managerial, supervisory,
department staff, engineering, administrative
and other. This allows different pay rates to
be assigned to a range of staff that contribute
to rendering operations. The outputs are
separated into rendering plant labour costs and
other contributing staff costs.
• Finance and overheads – This group of inputs
includes interest and depreciation; repairs
and maintenance costs split into labour
and materials; and other expenses such
as consumables and transport. The model
includes defaults for these values but renderers
should enter their own data to improve the
reliability of the outputs.
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• Service costs – These costs include water;
energy (electricity, gas, coal or other energy
source); and effluent disposal. The data
required for these inputs can be derived
direct from invoices for utilities but it may be
necessary to estimate a proportion of invoiced
amounts to be assigned to rendering.
• Product revenues – This input includes the
values of meat meal, tallow, blood meal, and
other products for the period being reviewed.
The plant and equipment inputs are used to
calculate: energy recovered from hot water
generation from waste heat; and yields from
blood processing. The inputs include the type and
capacity of three classes of rendering systems
(batch, continuous dry, and continuous wet
rendering) and data on hot water recovery. Blood
processing parameters can also be entered to
calculate yields from blood.
Rendering yields or raw material inputs include
tables of expected yields of raw material from
different types of stock and the estimated yield
of tallow and meat meal as a percentage of hot
carcase weight. These tables can be modified
according to the expected yields at the rendering
plant. If the expected yields are not available,
default yields from a beef yield calculator can
be used. The yields from the calculator can be
adjusted for the percentage of each item of
potential raw material, including boning room
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material, which is consigned to rendering.
When kill data are entered, the model calculates
yields of rendered product and the output
includes a comparison between actual yield
and expected yield.
Raw material inputs can include quantities of
material received from outside sources and the
expected yields from this material.

Examples of cost savings
Rendering is a capital and energy intensive
process and has cost structures that are difficult to
change in the short to medium term. In the longer
term, capital investment in boilers that can run
on the most economical fuel sources provides the
best opportunity for cost reductions. Decisions
on what boiler fuel to use will be dependent on
what is available in a particular area. In addition,
renderers may have a preference for the simple
and clean operation of gas fired boilers and in
many cases the costs of boiler maintenance, ash
disposal and other costs are not factored into
operations as a discrete cost.

Energy
Of the four major rendering costs of labour, R&M,
interest and depreciation, and energy, energy is
the most variable between plants and probably
offers the most opportunities for cost reductions.
Recovery of heat from cooking vapours to heat
water is an important cost saving at abattoir
rendering plants. According to the Eco-Efficiency
Manual for Meat Processing1, about 15% of the
energy input to a dry rendering plant can be
recovered in the form of 80oC water. Compared
with direct water heating using a natural gas
heater, there is a saving of about $2.30 per kL
of hot water if water is heated to 75oC with heat
recovered from rendering, then further heated to
84oC with steam from a natural gas fired boiler.
However, the cost saving to the combined abattoir
and rendering operations due to recovery of heat
from cooking vapours to make hot water is not
clear cut. The MLA investigation of costs reported
that heat recovery by condensing vapours is done
with varying degrees of success depending on
hot water holding capacity and the ability of the
plant to use hot water. Other inefficiencies in heat
recovery are due to insufficient cooling water, air

in vent lines, excessive back pressure in the vent
lines, and insufficient heat transfer capacity.
Excess heat can also be used to preheat raw
material before the main rendering cooker, thereby
increasing the theoretical capacity of the plant.
Abattoir rendering plants that take in raw material
from outside sources can make more hot water
than can be used in the abattoir and could use the
excess heat to preheat raw material. However, if
the increased capacity of the plant is not used to
reduce other costs, for example by reducing the
number of shifts, the savings are limited to the
energy needed to increase the sensible heat of the
raw material.
Other options for the use of waste heat include
its use in evaporators to concentrate and recover
fat and protein from liquid waste streams such as
stick water from wet rendering systems, polisher
discharge, and raw material bin drainings.

Added water
The function of rendering is to melt fat and
remove water. The amount of energy required is
directly related to the water content of the raw
material, particularly in a dry rendering system.
Added water can be up to 35% in gut material
and blood may contain over 50% added water.
For the example of rendering KPIs shown in Figure
3 and Table 1, 10% added water in raw material
would add energy costs of about $15 per tonne of
finished product to the rendering cost of $171 per
tonne. In addition, added water may incur higher
labour costs due to reduced plant capacity and
may affect product quality.
The costs of rendering in a continuous wet
rendering system may appear to be less sensitive
to added water, but extra water in raw material
increases product loss in stick water. Ten percent
added water in raw material can result in a loss
of about 1% of product in stick water from wet
rendering systems.

Labour costs
According to the MLA investigations of rendering
costs, labour cost is a relatively minor cost,
averaging about 15% of total costs. Opportunities
for further reductions in labour costs are probably
limited. The staff requirement to run a rendering
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plant is generally low, typically 2 to 3 people per
shift for a single rendering process with blood
processing. Plants may need to work two or three
shifts. Staffing levels are also related to the type
and age of the process, with batch cookers without
automation requiring more staff than continuous
plants. In this situation it is difficult to reduce
labour in discrete amounts since reducing staff
from 3 to 2 requires a 50% increase in productivity.

Repairs and Maintenance
Repair and maintenance costs attract attention
because they are associated with interruptions
in production and tend to be large and irregular.
Costs are difficult to contain because with longer
running hours, R&M is often carried out after
processing and at weekends, with increased
labour costs. In the MLA report on rendering costs,
it is suggested that R&M costs can be reduced by
better planning of maintenance scheduling. This
needs an understanding of wear rates, which can
be derived from monitoring equipment during
scheduled maintenance. If wear rates and likely
failure points can be predicted, rectification can be
scheduled rather than occurring as an unexpected
event. Industry derived information on equipment
wear and failure under a range of operating
parameters could assist plants to better plan R&M.
Further information
1
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Eco-Efficiency Manual for Meat Processing (2002). Published by
Meat and Livestock Australia.

Developments in superheated steam processing
Keith Engineering

Slide 3

Slide 1
AIRLESS DRYING
S.H.S.D.
(Super Heated Steam Drying)

Keith Airless Drying Process
1996 Research project investigates SHS as a viable
drying medium
1997 Pilot plant built - drying trials commenced
1998 Results confirmed benefits of drying in SHS over
conventional methods

A Partnership between
Keith Engineering and Meat & Wool New Zealand

1998 Commercial Partner sought
2000 Keith Engineering undertook project review
2001 Licensing agreement signed
2001 First sale secured
2002 First Airless Dryer delivered and commissioned

Slide 2
Airless Drying Development

2005 50,000 operating hours completed
2006 KARP Trials
2007 Airless Dryer exported

• Is a significant advancement on traditional drying
technology
• Was conceived 100 years ago however was hindered by
lack of technological advancement
• Recent advances in material selection and process
control influenced the commercialisation in the late 90’s
• Environmentally sustainable drying solution
• Keith Engineering is proud to be involved in the
development across several industry groups

Slide 4
Keith Airless Drying Process
What is it?
• Drying in an Oxygen reduced environment
• Using Super Heated Steam
• At atmospheric pressure
• Does not require a boiler
• Sealed environment
Directly benefiting:
1 Operational costs
2 Product vulnerability
3 Environmental compliance
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Slide 5
Keith Airless Dryer

Slide 6
Keith Airless Drying Process
Operational Benefits
• Faster Drying
• Improved heat recovery
• Controls foul odour and overheated product
• Reduced fire & dust explosion risk
• Offers enhanced control and fine tuning
• Operator friendly
• Control system tuneable
• No secondary contamination from heat source
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Slide 7
Keith Airless Drying Process
Environmental Benefits
• Significantly less demand on odour control systems
• Lower Greenhouse emissions
• Smaller condensers
• Energy efficient
• Low fire / explosion risk profile
• Ease of environmental compliance
• Reduced carry over of fines / dust
• Potential to re-use steam for energy recovery

Slide 11

Slide 8

Pond Sludge
Further Development
Super Heated Steam Process

• Sludge Drying
• Keith Airless Rendering Process (KARP)

Wet Product before Drying

Slide 9

Slide 12

Airless Sludge Drying

Mixed Sludge

• Dissolved Air Floatation (DAF) Sludge

• Pond

• Paunch Grass

• DAF

• Truck Wash Sludge

• Paunch Grass

• Pond Sludge

• Truck Wash

Product after Drying with SHS

Wet Sludge

Dried Product

Slide 10

Slide 13

Airless Dryer

Keith Airless Rendering Process – KARP
Meat and Livestock Australia
Project Partnership No. 149
Patent No. 2005263187
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Slide 14
KARP
Objectives
• Combine the benefits of low temperature and high
temperature rendering
• Overcome some of the disadvantages of traditional
rendering processes
• Particular attention was focused on environmental
and energy benefits

Slide 15
Process Drawing

Slide 16
Demonstration Plant

Slide 17
Trials
Boning Room Raw Materials
• Moisture
38.1%
• Fat
42.6%
• Protein
10.1%

Raw material immediately
before mincing

Minced raw material
immediately before processing

• Feed into the KARP System set at 320°C
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Slide 18
KARP Trial
Crax and light tallow at the
end of the trials

Crax collected

Slide 19
Results
• Crax and Tallow separation
• Crax were adequately cooked
• Tallow was a light colour
Time
Sample #
Product
Inlet Air Temp.
				
11:09

Product Discharge
Temperature

Moisture %

Fat %

11:09

2

11:46

3

Crax

320°C

200°C

0.0

11:46

4

Tallow

320°C

200°C

0.4		

Host Plant tallow			

0.2		

Free Fatty Acid %

0.8

FAC Colour

5/7

49.9		
0.0

19/21

12:20

5

Crax

300°C

195°C

0.0

12:20

6

Tallow

300°C

195°C

0.0		

12:40

7

Crax

250°C

115°C

9.3

12:40

8

Tallow

250°C

115°C

0.0		

0.5

3

13:05

9

Tallow

250°C

110°C

0.3		

0.6

1/3

13:05

10

Crax

250°C

110°C

		

Final stable temp

290°C

150°C				

12.8

46.0		
0.5

9

36.8		

38.0		

13:34								
13:59		

End product						

Slide 20

Slide 21

Conclusion

Recommendations

• KARP effectively cooked boning room raw material

• The Keith Airless Rendering Process is a technically
feasible alternative to other rendering processes

• Free run tallow easily recovered
• Steady state conditions were easily established and
maintained

• Development of the process should be progressed

• Will give good quality tallow and crax.

• Further work to validate:

• Minimal to zero moisture level in tallow

• Progress to a full production scale plant
– Energy efficiencies and recovery
– Product quality
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Slide 22
Keith Engineering
acknowledge the support of:
Meat and Livestock Australia
Food Safety Services (SA) Pty. Ltd.
Keith Staff:
• Anthony Boarer (Project Manager)
• Mark Pope (Project Engineer)
• Charlie Kelaiditis (Design Engineer)
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The use of thermal oxidisers at rendering plants
David Green, MA, C Eng, FIChemE
Engreen Environmental Consultants

1. Introduction
This document discusses thermal oxidisers and
their application in the rendering industry. My aim
is to provide an introduction to the technology and
how it can be used in the industry; in particular I
will look at the practicalities, including potential
pitfalls and common problems, of using thermal
oxidisers at rendering plants.
To start with I will look at the types of thermal
oxidiser available and give some information on
how they work and are installed. I will then develop
this to look at how each type of oxidiser can be
implemented at a rendering plant and finally give
some information on the practical aspects of
oxidisers and their performance in practice.

2. Thermal Oxidisers
It is worth clarifying that I am using the term
thermal oxidisers to describe devices that create
a high temperature combustion zone to destroy
odourous gases extracted from rendering plant
operations. In this context it does not mean
incineration processes for the direct incineration
of animal remains (processed or unprocessed) or
liquids such as condensate. However, I will discuss
the use of tallow as a fuel for the oxidiser.

2.1 Types of Oxidiser and Operation
In simple terms an oxidiser uses a support fuel
to create a high temperature combustion zone.
Odourous gases are injected into the combustion
zone and the conditions are such that the odour
molecules are combusted and the odour content of
the extracted stream is greatly reduced.
We could create an effective oxidiser simply by
having a large chamber with a flame in it from
burning a fuel such as natural gas. If the rate
of gas combustion and temperature were high

enough then odourous gas could be injected into
the chamber and the odour would be removed by
combustion. Whilst a system like this would work
it would be inefficient in terms of the effectiveness
of odour destruction and would be hugely wasteful
of energy.
Oxidiser manufacturers spend considerable
design time and effort in getting the combustion
chamber conditions suitable for maximum
odour destruction. Even then the final tweaks on
performance will always need to be done once
the kit is installed and running. To overcome the
energy efficiency problems two principle types of
oxidiser have been developed – the regenerative
and the recuperative oxidiser.

2.2 Recuperative Oxidisers
As in the case of a simple thermal oxidiser, the gas
is raised to a suitable temperature (usually in the
range of 750 – 950°C) and held at temperature for
a suitable residence time. In recuperative oxidiser,
however, the hot exhaust gas goes to stack
through one side of a conventional heat exchanger,
whilst the cool, untreated gas is preheated on its
way to the oxidiser through the other side of the
exchanger.
Further heat recovery systems can be added,
or may even replace the recuperator. If the
site requires a large amount of heat for other
processes, for example, it may be possible to
use all of the heat generated in the oxidiser in an
existing hot oil heating system. Other possibilities
include heating air for process dryers, space
heating, etc. The most usual set-up is to design
the oxidiser to have sufficient throughput and fuel
use to provide the majority, if not all, of the steam
required on the facility.
The main advantage of the recuperative system is
its flexibility. It can be used for large and small flow

45

Ninth International Symposium on World Rendering 2007

rates and for high or low solvent concentrations.
It can also be used for any solvent that can be
handled in a catalytic or regenerative oxidiser, plus
many that cannot be handled catalytically. It is
also suitable for either continuous or intermittent
operation (e.g. for one 8 hour shift per day, 5 days
per week). However, it should be borne in mind
that, as with any system using refractory lining for
heat resistance, intermittent and cyclic operation
can seriously shorten the life of the refractory.

2.3	 Regenerative Oxidisers
A regenerative oxidiser aims to recover a very
high percentage (>90%) of the heat from the
combustion flue gases. This is achieved by passing
the hot gases through a bed of heat transfer
medium in a cyclic manner which is described
in detail below. Because of its high level of heat
recovery, a regenerative oxidiser needs only a
tiny fraction of the fuel needed by a traditional or
recuperative oxidiser.

A diagram of a typical recuperative oxidiser is
given below as Diagram 2.1 and a picture of a
typical unit is shown as Diagram 2.2.
Diagram 2.1:

Recuperative Thermal Oxidiser Flow Diagram

Diagram 2.2:

Typical recuperative Thermal Oxidiser
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2.3.1 Simple Two-Bed Operation

After an initial heat up period, the contaminated
gas enters the bottom of bed A and passes up
through the bed, being heated and is oxidised as
it goes. It then passes through the combustion
chamber and into bed B. As it passes down
through bed B, the hot gas transfers its heat to this
colder bed. The now oxidised waste gas stream
exits the oxidiser at the bottom of bed B.
Over time, bed A cools down as it transfers heat
to the incoming waste gas stream, and bed B
heats up. At this point, the flow in the oxidiser is
reversed. The waste gas now enters through the
bottom of bed B and passes out of bed A. Once
again the waste gas is heated by the hot bed and
cooled down by the cooler bed.

Heat in the beds is obtained from the oxidation
of the incoming VOC’s, with additional heat being
provided by a burner in the combustion chamber
(when needed). The heat exchanger beds keep
the heat within the oxidiser limiting the amount of
additional heat input required, resulting in a lower
fuel usage than a traditional thermal oxidiser.
2.3.2 Three-Bed Operation

In a two bed system, when the flow is reversed,
a small quantity of waste gas that has only just
entered the oxidiser, but has not passed through
it, is reversed and sent to stack having missed
the oxidiser. For many industries this is not a
problem as the waste release is so small that it
is well within the local environmental emission
requirements. However, in some cases such as
rendering which have highly odorous streams it is
essential that these spikes do not occur. To ensure
non-spiky emissions suppliers have developed a
three bed regenerative oxidiser system.
The images below show how a three bed system
operates. It can be seen that only two beds are
actually used for the oxidation process at any one
time, and that the third bed is purged with either
fresh air or stack gas.
Stage 1

The contained gas enters the unit

Waste gas is introduced in bed A and passes out of
bed B
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Stage 2
Waste gas now enters into bed B and passes out of
bed C.
Stack gas/fresh air is introduced into bed A to purge
any remaining waste gases out through bed C.

Stage 3
Waste gas now enters into bed C and passes out of
bed A. Stack gas/fresh air is introduced into bed B.

Back to stage 1.
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3.	Use on Rendering Plants
3.1 Comparison of Two Types
In the UK the majority of rendering plant oxidiser
installations are recuperative units; out of some
15 installations only 3 are regenerative units.
Although manufacturers do offer and supply
regenerative units the tendency is still towards
recuperative units. I suspect that there are a
couple of factors at play here:
1. An innate conservatism in the industry.
2. Poor initial performance by regenerative units.
In the UK the rendering industry can be
conservative in its designs and attitude to risk.
This leads to a “better the devil you know” type
attitude where it is easier to specify something
that is familiar and that the designers have had
chance to refine for a particular industry than to
go out on a limb and specify something different.
Once a particular technology is shown to work in
several applications there is a momentum towards
using that technology in preference to alternatives.
The initial operation of regenerative units in the
UK was not an unrivalled success. The very first
installation had many combustion problems and
problems with ceramic bed clogging. As far as I
know some of these problems are not yet fully
resolved.
A further installation suffered from residual odour
problems even with the unit operating at specified
VOC destruction levels. The site engineers and
suppliers have had to work hard to improve
combustion efficiency to improve matters. Even
then they also had to increase the outlet chimney
height to minimise the number of occasions when
odours can be detected off site.
Given this history I would expect recuperative units
to dominate the UK market for the foreseeable
future. From past experience in other industries
I am a little surprised that regenerative units are
not more common or effective in the rendering
industry. I have seen regenerative installations in
a range of applications, many of them with “fatty”
molecules in the gas for combustion and with
significant odours concentrations. In most cases
regenerative units can be installed and operated
effectively.

It is unclear why regenerative units on rendering
plants suffer from such operational difficulties.
We can speculate that the high moisture content,
particular nature of rendering emissions or
variability of emissions mitigates against effective
operation. However, the only firm conclusion to
reach is that anyone specifying a regenerative
unit for a rendering plant needs to ask some
detailed questions about how the installation will
be configured and made to work for his particular
circumstances.

3.1	Odour Destruction
Both regenerative and recuperative units offer
good odour destruction capability. It is worth
remembering that odour destruction efficiency
is not the same as combustion efficiency for the
destruction of organic compounds for two main
reasons. Firstly, some of the odourous species are
not organic and the principal species to think of
here would be hydrogen sulphide and ammonia.
Secondly, some highly odourous molecules seem
harder to destroy than other organic and volatile
molecules.
In the case of the non-organics both the target
molecules (hydrogen sulphide and ammonia)
can be abated by combustion. My experience has
been that the destruction of hydrogen sulphide
is not normally a problem provided that decent
combustion conditions are in place. However,
ammonia destruction seems to be more variable
and installation-specific and can require detailed
attention.
The ammonia combustion would appear to have
a higher activation energy than the hydrogen
sulphide combustion. This is evidenced in some
installations where effective odour destruction
requires minimum flame chamber temperatures
over 900OC.
Ammonia combustion will also be affected by
the nitrogen and nitrogen oxides balance in
the combustion chamber. Nitrogen oxides in
the flue gas will be created by a combination
of combustion of nitrogen compounds in
the odourous gases, combustion of nitrogen
compounds in the fuel and direct fixation of
nitrogen in the combustion air. This is not a oneway reaction and there will be an equilibrium set
up between the ammonia, elemental nitrogen and
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the various nitrogen oxides (this equilibrium is of
course the equilibrium mechanism that is used in
NOx reduction reactions to reduce emissions of
nitrogen oxides). Each installation will be different
and can only be fully assessed during operation
when the conditions can be altered to give the
best performance.
Highly odourous compounds often have a ringbased structure and/or have the addition of
a sulphur or nitrogen atom into the molecule.
Examples of this would be the amines or
mercaptans that have low odour thresholds and
recognisable and unpleasant odours. A common
factor to these molecules is that the modified
structure can contain some very strong molecular
bonds and these require significant energy input to
break them. This can lead to situations where the
majority of VOCs in a gas stream are destroyed to a
great extent but the destruction of highly odourous
species is less complete. Where such compounds
are known or suspected then it is important to
ensure that the three T’s of combustion (time,
temperature and turbulence) are properly applied
to achieve effective odour removal.

ducting and demonstrates how much space needs
to be allocated for oxidiser installation. In this
instance the oxidiser building is some m x m. In
truth the installers and operators would have been
happier with a building about 25% bigger on each
dimension.
Diagram 4.1:	Oxidiser and Control Panel

Diagram 4.2: 	Ductwork and Associated Filters

If an oxidiser is properly designed, commissioned
and operated then odour removal efficiencies
greater than 97% can be expected.

4. Practical Aspects
4.1 Pre-installation Design
Old soldiers claim that “time spent on
reconnaissance is never wasted” and time spent
on the installation design for an oxidiser is equally
valuable. For a start sufficient space needs to be
allocated to fit the equipment in. This might sound
like a statement of the obvious but oxidisers are
substantial pieces of kit – a typical recuperative
unit can be over 15m in length. Added to this
can be space for water treatment of the boiler
feed water, space for a substantial control panel
and switchgear installation and space for heat
exchangers if fitted.
The installation area must provide sufficient safe
access for the unit to be installed and connected.
Diagrams 4.1 and 4.2 show an installation where
two recuperative oxidisers have been integrated
together and supported by an air-cooled
condenser. The photographs show interconnecting
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When installing the oxidisers it is worth bearing
in mind that considerable space will be required
for both the installation itself and for the ancillary
elements associated with the oxidiser:
• Tube clean and maintenance. Recuperative
oxidisers will need to have the boiler tubes
cleaned on a regular basis and have statutory
inspections on the boiler systems. There needs
to be enough space around the unit for this to
be done safely and effectively.
• Duct configuration. The volumes of air and
fume conveyed to an oxidiser are considerable.
As a result the ducting required is substantial.
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It cannot be turned through corners in a short
space and there has to be sufficient building
space available for the duct to be properly
installed, inspected, cleaned and maintained.
Diagram 4.2 shows a typical duct installation.
Note also the filter and heating elements
required to condition the fume before it goes
into the oxidiser and the floor space need to fit
these elements.
• Steam and water systems. If a recuperative
unit is chosen then there will need to be space
allocated for a boiler water treatment system, a
hot well and the water, steam and condensate
pipes and headers. I discuss this aspect in
a little more detail in Section 5 but for now it
is enough to say that scrimping on the space
available for the water and steam systems
could lead to future problems with insufficient
steam and/or boiler make-up water being
available.

4.2 Fuel Supply
Again, it may seem like a statement of the obvious
but a secure fuel supply is essential to the smooth
and successful operation of an oxidiser. This
means securing a fuel supply over the long term
and ensuring efficient delivery of the fuel to the
oxidiser when required.
Long term supply means having a fuel that will be
available over a long period. A common option
is to use tallow from the rendering process
itself as the first choice fuel. This of course has
the advantage of being readily available and is
also a good option in terms of minimising the
use of fossil fuels and associated production of
greenhouse gases.
Whatever the primary fuel is it is as well to have
a back-up fuel source in place. Again, a common
option here is to have fuel oil as the backup to tallow since the fuels have very similar
characteristics. When specifying the oxidiser
the operator should ensure that the burner can
physically accommodate the alternative fuel
and that the burner management system can be
adjusted to give efficient use of the alternative fuel.
In the short term the operator needs to make
sure that the fuel can get to the oxidiser in the
right amounts, at the right time and in the correct
form for good combustion. I can illustrate the

importance of this factor with a few examples of
situations where there were problems:
1. A tank containing the tallow fuel split along
a seam and released several tons of tallow
into the bund. Tanks need to be designed for
the weight and elevated temperature of fuel
storage.
2. Fuel was supplied to two oxidisers via a
common delivery system. In practice one limb
of the system dominated and it was impossible
to get sufficient flow to the second oxidiser.
Eventually the designers had to reconfigure the
delivery system into a ring main with a duplex
pump set to maintain flow and
delivery pressure.
3. Tallow could not be delivered to an oxidiser
above about 80% of the design flowrate. The
problem was traced to solids in the tallow
causing a partial blockage in a rotating vane
flow meter installed to measure tallow use
as part of an energy efficiency drive. The two
lessons learned were to always make sure that
fuel is suitably clean and to check that any
instruments added to the system do not bring
their own risks of poor fuel flow.
4. During the winter months tallow fuel flow to an
oxidiser could not be maintained. It was found
that the trace heating originally installed was
not up to the job and had to be upgraded.
The examples above show that correct oxidiser
operation is critically dependent on maintaining
good fuel flow. It is well worth spending design
and installation time on fitting the best possible
fuel storage, cleaning and delivery system.

4.3	 Back-up System
Once up and running oxidisers have shown
themselves to be fairly reliable pieces of kit.
However, there will inevitably be occasions
when problems will be encountered and the unit
stop operating. Additionally there will be
occasions when maintenance needs to be
carried out on the oxidiser. To cater for these
circumstances it is advisable to install a back-up
or contingency system.
Contingency can be in the form of a spare
oxidiser, back-condensing capacity, scrubbers
or a combination of these elements. Whatever
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the back-up system is it needs to fit with the
oxidiser installation and, most especially, needs
to be available to take up the slack almost as
soon as the oxidiser is unavailable. If the backup system is not immediately available there can
be a considerable period during which unabated
odours are discharged.
A common solution is to have an air-cooled
condenser on standby. To ensure it is fully
available it is worth keeping the condenser
operating with a low fan speed whenever the
process is running. In this way it is a matter of
diverting the odourous gases to the condenser and
ramping up fan speed rather than trying to start
something from a dead stop.
Diagram 4.4 shows an interesting example where
two oxidisers have been integrated as part of a
process expansion and an air-cooled condenser

fitted as the back-up system. In normal operation
the two oxidisers share the load from the cookers
and driers via the interlinking duct. Isolating
dampers allow one oxidiser to be taken off-line
whilst still maintaining abatement through the
second oxidiser. One oxidiser is insufficient to
cope with full process flows and so the production
would be scaled down in the event of one unit
going off-line. Additional abatement is provided by
the air-cooled condenser which is kept on tickover
at all times with a very small bleed of odourous
fumes into it (controlled by dampers using stepper
motor control). In the event of fume build-up in
the duct – which can come from process surges
or from oxidiser problems – the system detects
the pressure change and automatically diverts
more fume to the condenser whilst ramping up the
condenser fan speed. This gives fully automatic
contingency and load following.

Diagram 4.4	Oxidiser and Back-up system Integration
Foul Air
Extract Duct

Offal Cooker
Fume Extract
Duct 1

Start-up Air

Foul Air
Heater 1

Process Fume
Collector 1

Process
Fume Filter 1

Oxidiser 1
Isolation
Damper 1
Combustion air from
oxidiser building

Offal Cooker

Back-up
Condenser

Combustion air from
process building
Combustion
Air Filter 2

Feather
Hydrolyser

Feather Drier

Fume Extract
Duct 2

Process Fume
Collector 2

Process
Fume Filter 1

Isolation
Damper 2

Oxidiser 2

Start-up Air
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5. Process Integration
5.1	General
When it is installed at a rendering plant an oxidiser
will have to link and integrate with a number of
elements in the plant:
1. It will obviously need to tie in with the
production process and be able to follow the
odour load produced by the main production
process.
2. It will need to link with the steam production
process and the steam condensate return
system. These points are not important when
using a regenerative unit and separate steam
raising system.
3. If, as is often the case, the oxidiser provides
abatement of high-intensity odours from
downstream parts of the process (e.g. presses)
then there needs to be some way of keeping
the abatement operational once cooking in the
main cookers has stopped.
4. As I have pointed out above, the oxidiser
system needs to link in with backup systems
to provide odour abatement in the event of
oxidiser problems.

5.2 Production Tie-in
The oxidiser system is an integral part of the
installation’s odour control strategy but it should
not become the dominant process on site if the tail
is not to end up wagging the dog. Key aspects of
integrating the oxidiser system with the production
process include:
1. Making sure that the suction provided by the
oxidiser and its fans matches the required
suction at the cooker outlet. In the case of
oxidisers placed some distance away from
the process building this can mean needing
to install oversized ductwork to keep pressure
losses to a minimum. If the pressures are
mismatched then there are problems with
cooker operation and also possible problems
with not extracting sufficient odourous fumes
leading to emissions into the process building.
2. In a similar vein it is important that the control
loop for the fan creating the suction is properly
tuned. It needs to be responsive enough to

follow changes in process requirements but
also sufficiently damped so as to smooth
out the response and prevent the fan speed
“hunting”.
3. Linking alarms in a sensible manner. Operators
need to be alerted of problems with the oxidiser
system. However, they do not need a series of
alarms sounding during start-up of the process
and the establishment of smooth running. It is
better to use permit and inhibit signals where
possible and to reserve alarm signals for cases
where the operator genuinely needs to take
action.

5.3	 Steam and Condensate Integration
Integration with the steam production and steam
condensate return systems is much more of an
issue with a recuperative oxidiser than it is with a
regenerative unit. With a regenerative installation
the rendering operations and the steam
production are completely separate and are run
as independent systems. In these circumstances
there is no need to consider how the systems
integrate.
With a recuperative unit, however, the oxidiser
provides at least some of the steam needed to
drive the rendering process. Several factors must
be taken into consideration when designing,
installing and operating the system:
• The oxidiser may need to be brought up to
temperature some time before the process
starts. This will allow the steam production
to reach a suitable output and ensure that
any steam header vessels are full and up to
pressure. To do this the oxidiser generally has
a mechanism for starting up on fresh air. It will
also have a means of dumping excess steam
should the production of steam exceed the
required amount. Dumping of steam is very
wasteful since it not only costs in terms of lost
energy but there is also the cost of the water
lost and the treatment chemicals that were
used on the water.
• A reduction in water use and boiler chemicals
will also dictate that steam condensate be
returned to the boilers as far as practicable.
This is not as straightforward as it might appear
at first sight. The biggest problem is overcoming
the lag in returning the condensate in sufficient
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5.4	High-intensity Abatement

quantity to keep the boiler level up during
the start-up periods when the various heating
elements are heating up. This requires careful
design of the capacity of the hot well and the
condensate return system. If these are not
correctly matched then there is a risk of either
starving the boiler of water or of creating a
situation where, once steady state is achieved,
there is too much water and steam in the
system and steam ends up being dumped.

Within reason oxidisers will deal with whatever
odour load is presented to them. However, it
becomes wasteful in terms of fuel to present them
with large volumes of extracted air that contains
only a low odour concentration. That being
said there is of course scope for extracting the
combustion air for the oxidiser from within process
buildings and in so doing adding to the general
extract ventilation in the building.

Diagram 5.1 is a block diagram of how one site put
together an integrated system to deliver steam to
the process and return condensate to the boilers.
After a few teething troubles (mainly due to not
all condensate finding its way into the zero-flash
condensate return system) the system is now
working effectively.

When designing an oxidiser installation a useful
first step is to review possible odour sources
and work to minimise the extracted volume to
the minimum necessary. On installations that I
have worked on we have successfully minimised
extracted volumes by enclosing metal detectors
and presses and by using raw materials hoppers
with hydraulic closures. Once the minimum
extraction has been determined this can be added
to the process load to give a required oxidiser
capacity.

Diagram 5.1: Steam and Condensate Integration Diagram
Hot Well

Oxidiser 1

LC

LC

Oxidiser 2

8"
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8"

New Steam
Header

Existing Steam
Header

LC

2"
2"

Processors
3"

3"

3"
Zero-flash pumps

Zero-flash manifold (6")
PVR (12 bar)

54

Ninth International Symposium on World Rendering 2007

6. Concluding Remarks
In this paper I have tried to give some indications
of how oxidisers can be applied to the rendering
industry. In particular I have tried to give some
practical pointers on how the technology can be
installed and used effectively. Some key points
can be summarised as follows:
• Oxidisers can provide very effective odour
control and abatement. They will not, however,
abate odours that are not captured and
delivered to them. They should be seen as part
of the overall process of odour containment and
abatement and not as a panacea for all ills.
• Considerable design effort needs to be
expended to pick the right oxidiser for the
particular application.
• The installation needs enough space around
it for the considerable amount of ancillary
equipment that goes with an oxidiser.
• There is a lot of thought needed to integrate
the oxidiser with the rendering process and to
ensure that odour abatement is effective under
the whole range of expected conditions.
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To Render or to Hydrolyse
Dennis King, Commercial Manager, Australian Dehydration Technologies Pty Ltd

Introduction

a. Blood

The origins of ADT date from 1990 when Phil
Kemp and Tom Nougher began to look for a way
to cheaply process kangaroo waste in outback
Australia. Conventional dryers are expensive to
purchase and operate, particularly in the outback,
so Phil developed a high airflow, low temperature
dryer to dry meals and preserve the nutritional
value of chemically hydrolysed proteins. During
this time Bovine Spongiform Encephalopathy (BSE)
was starting to become topical and Phil looked at
some of the science associated with it. With his
technical training in biochemistry and nutrition,
along with discussions with former University
colleagues Professor John Nolan and Dr Merv
Hill, it soon became apparent that with the right
conditions, the ADT process could inactivate BSE
in meat meals by breaking down the prion protein.
This led to extensive scientific investigations to
determine the best conditions for inactivating BSE
and to demonstrate the extent of inactivation of
BSE. Independent laboratory testing in Australia
certainly indicated that the ADT process should be
effective in inactivating BSE so testing on prion
infected tissue was initiated in Europe and these
results showed Phil’s theory to be correct.

b. Small remote locations where transport
of raw material to a rendering plant is too
expensive.

Recent work has concentrated on developing
commercial uses for the technology. Because of
the inherent stability of the product, due to its
alkalinity, we have been able to develop both
dry meals and liquid products. So far we have
identified a number of uses of the ADT process:
1. Waste products from conventional rendering
such as stickwater concentrate.
2. Mortalities not suitable for rendering and
subsequent inclusion in the feed chain.
3. Feather processing.
4. Products regarded as uneconomical to process
using conventional rendering

c. Small scale products
5. Specialty products
a. Kangaroo
b. Fish and crustaceans
6. SRM and TSE infective material.
In this talk I will outline for you some of the
research that ADT has carried out to prove that the
process can safely treat BSE infective material and
to demonstrate the efficacy of products from the
ADT process as animal feeds and as fertiliser.

What is hydrolytic processing and how
does it compare to heat processing?
As renderers we are familiar with the rendering
heat process which is designed to coagulate
proteins, separate fats from solids and dry solids.
The heat treatment also achieves a degree of
sterility by eliminating micro-organisms. The heat
applied in rendering denatures proteins (alters the
shape) and this can reduce the infectivity of prion
proteins, the infectious agent of BSE, but there is
very little protein breakdown. Prion proteins are
very thermostable, and thermal pressure rendering
at 3 bar and 133°C for 20 minutes probably
reduces infectivity by a factor of around 103 (1000
times). This is no more than a moderate degree of
inactivation although the rendering conditions are
an extreme process and will certainly downgrade
meal and tallow quality.
The ADT process achieves sterility through alkaline
hydrolysis, a process of breaking down proteins to
small sub-units or polypeptides. The process kills
micro-organisms and reduces BSE infectivity by
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breaking down the prion protein. The ADT process
has been shown to reduce BSE infectivity by a
factor greater than 106 (greater than 1,000,000).
The process occurs at atmospheric pressure and
at temperatures below boiling point with readily
available chemicals.

produce everything as a dry meal. Alternatively we
can separate the liquids and solids (essentially
the minerals in the bones) with the screen. The
liquid fertiliser so produced is shelf stable at room
temperature. The remaining solids can be dried
then milled.

The ADT process for BSE processing is summarised
at Figure 1. The technology uses the front part of
a continuous wet rendering system to size the
material and to separate fats and solids. We send
the fats to traditional refining whilst sending
the solid fractions to the ADT hydrolysis stage.
You will note that stickwater is also treated after
evaporation. This is particularly important for SRM
processing as potentially infective proteins could
be in stickwater.

As discussed, apart from being an effective
method of dealing with BSE infective materials,
many other materials can be processed using the
ADT technology.

The option exists to bypass the screen and send
all products to the dryer then hammer mill to

Figure 1
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Patent Status
The Patent Cooperation Treaty application was
successfully filed by 14th November, 2002.
Table 1 shows the current status of Patents in the
various jurisdictions where patents have been
filed.
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Table 1 Current patent status (June 2007)
Country

Status

Australia

Granted

Brazil

Granted

Canada

Granted

Czech Republic

Granted

Europe

Accepted

Germany, Great Britain, France, Italy, Austria, Belgium, Switzerland & Liechtenstein,
Denmark, Greece, Ireland, Luxembourg, Monaco, Netherlands, Portugal, Sweden,
Cyprus, Turkey, Albania, Latvia, Lithuania, Slovenia, Macedonia, Romania

Proceeding with all countries listed

Hungary

Granted

India

Granted

Mexico

Granted

New Zealand

Granted

Norway

Granted

Poland

Granted

Russian Federation

Granted

South Africa

Granted

USA

Under Examination

Feed Trials
Feather meal is a prime opportunity for utilising
the ADT process. There is some protein
dilution due to the chemical hydrolysis but
there is a corresponding increase in weight
produced. Hydrolysed feather meal produced by
the ADT process has been evaluated in comparison
with commercial feather meals by the University
of Queensland. Diets containing two ADT meals,
a commercial feather meal and a control diet were
fed to broiler chicks starting at 7 days of age and
continuing to 41 days of age. The researchers
concluded that: Significantly better weight gain
and feed conversion ratio of groups fed the diets
containing ADT #3 feather meal was noticed at
21 days of age. This study clearly indicates that
there was no significant difference in broiler
production performance at 41 days between the
groups fed the control diet with no feather meal or
diets with 6 per cent ADT #1 or #3 feather meal or
4.5 per cent commercial feather meal. There were
no deleterious effects of feeding feather meal on
broiler production performance in this study.
Details of this study are reported at Appendix 1.

Laboratory Research
ADT has commissioned substantial independent
research to demonstrate that the ADT process can

effectively inactivate transmissible spongiform
encephalopathy (TSE) infectivity. This research has
progressed in three stages. The stages were:
1. Examination of the degree of hydrolysis of
material processed using the ADT process. This
work showed that proteins can be hydrolysed
by the ADT process to produce residues less
than 5 Kilo Daltons in molecular size.
2. Comparison of variations of the ADT process
with other methods of hydrolysis that have
been shown the produce a degree of hydrolysis
that inactivates TSE infectivity when tested by
bioassay. This allowed the ADT process to be
refined to produce the degree of hydrolysis that
has been shown to inactivate TSE. The refined
ADT process was used in batch size studies to
demonstrate the ADT process will effectively
inactivate TSE infectivity on a commercial scale.
3. The ADT process was compared with other
methods of hydrolysis using infective TSE
material as a substrate. In these experiments,
carried out in Germany, TSE infective tissue
was treated by the ADT process and residual
infectivity tested using the Western blot
method. There was no detectable infectivity
after hydrolysing the infective tissue with the
ADT process.
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These investigations confirm that the ADT process
can inactivate TSE infectivity in the amounts that
could be present in risk materials from infected
animals.
Details of these investigations are reported at
Appendix 2.

Study on use of Hydrolysed
material as fertiliser

ADT Liquid Fertiliser		

Urea (control)

Blood is expensive to process using conventional
processes as over 80% of the volume needs
to be removed with around 20 to 30% of that
by evaporation. This makes it uneconomical to
produce dried blood meal unless prices are around
$700 or more.
By using hydrolytic processing and producing a
liquid product at 35% solids / 65% water we only
need to remove around 25% of the initial volume
without any need for evaporation as we add
around 10% solids during processing. We then
have a very valuable liquid fertiliser with some
outstanding properties. Blood produced this way
gives an equivalent of around $1150 per tonne for
dried material.
Evaporator concentrate is another such product.
It is already at around 40% solids so it only
requires hydrolysis and no further evaporation
so energy costs are negligible. Again the fertiliser
produced has outstanding properties. These
photos show the result of using our fertiliser at
equivalent nitrogen concentrations to commercial
products after just 5 weeks of application. This
trial on rye grass was conducted independently
on Queensland’s Sunshine Coast where all areas
received urea (control) first followed by differing
fertiliser applications.

ADT Liquid Fertiliser after 5 weeks

Urea (control) after 5 weeks

All areas received the same amount of water. The
ADT Fertiliser treated product yielded 21mt/ha
compared to 9mt/ha for control and 16mt/ha for
the commercial dry fertiliser.

Commercial Dry Fertiliser
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What are the economics of the ADT Hydrolytic
process compared to conventional rendering?
Blood Fertiliser Production Estimate
Raw Material

MT/day		

Finished Product

MT / Day

Price/MT

Value

			

Liquid Fertiliser

7.8

$400

$3,120

Blood

20		

Total Royalty Eligible Production

7.8		

$3,120

Total

20

Total Production Value

7.8		

$3,120

Production Costs
$ / MT of Raw Material

$ / MT

Admin / Labour

$10

$200

Energy

$25

$500

Raw Material Cost + Freight

$35

$700

Maintenance

$10

$200

Royalty Percentage

				

12.5%
0%

$ / MT of Finished Material
Alkali

$30

$234

Royalty Payments

$50

$390

Margin for error

$10

$78

Total Production Cost		

$2,302

Annual Net Return		

$204,500

Yield

39%

Net Daily Return			

$818

Production 250 days per annum

Royalties paid on percentage of gross selling price of finished material.
Fertiliser sales price based on actual sales to a large Agricultural retailer.

I am not going to try to tell renderers what you
are currently spending making dried blood using
conventional means, because there are different
systems and each has a different cost, but after
discussion with a number of commercial renderers
it appears to be above $700/mt. With the
Australian market for dried blood meal presently
at around $550/mt ex works, it certainly is not a
paying proposition.

If production requires drying to a meal, ADT have
developed a low temperature, high air volume
dryer that is economical and efficient, typically
achieving apparent drying efficiencies of 120% to
130% with low odour emissions.
As seen previously the products show very
impressive results as fertilisers, so there are ample
opportunities at quite reasonable prices for the
liquids.

The ADT plant for production of hydrolysed
blood would be your existing process prior to
coagulation. This is followed by normal steam
coagulation and draining free water from the
coagulated solids to produce 30% solids
coagulated blood. The dewatered blood is then
hydrolysed in a reaction vessel, typically a
stainless steel screw. This is followed by filtration
to screen out any non-hydrolysed solids (minerals)
then packaging in chosen size containers,
depending on your market. The only new
equipment would be the screw and a self cleaning
filter.

For meals there is also a significant opportunity
in animal feeds as the digestibility of the meals
is a major advantage. There does not appear to
be any anti-nutritive effects as shown by the feed
trials. There is a protein dilution factor due to the
extra water bound into the polypeptides. However
this protein drop is made up for by the increase in
volume due to the water being chemically bound
into the material. The meal still tests at less than
10% moisture.

Evaporator concentrate will show even better
returns as the yield is typically 110% and there is
minimal energy input because product is already
hot when introduced to the reaction vessel.
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Fertiliser from Concentrate Production Estimate
Raw Material

MT/day		

Finished Product

MT / Day

Price/MT

Value

21

$400

$8,400

			

Liquid Fertiliser

			

Dry Fertiliser			

Concentrate

20		

Total Royalty Eligible Production

21		

$8,400

Total

20

Total Production

21		

$8,400

Production Costs
$/MT of raw material

$0

$ / MT

Admin / Labour

$10

$200

$5

$100

Raw Material Cost + Freight

$35

$700

Maintenance

$10

$200

Energy

Royalty Percentage

12.5%

Yield

100%

$/MT of finished fertiliser
Alkali

$38

$750

Royalty Payments

$50

$1,050

Margin for Error

$10

$210

Total Production Cost		

$3,210

Annual Net Return		

$1,297,500

Net Daily Return			

$5,190

Production 250 days per annum

Royalties paid on percentage of gross selling price of finished material.
Fertiliser sales price based on actual sales to a large Agricultural retailer.

Hydrolytic processing advantages
over conventional rendering
1. Low installation cost
2. Low operational cost
3. Low maintenance cost
4. Ability to produce stable liquids.
As with any new technology there is always
reluctance by industry to embrace it. There is also
reluctance by regulators to adequately consider
new ways of stabilising finished products. One
example is that blood processed using the
ADT process to produce a liquid feed cannot
be used in animal diets as it does not qualify
under the definition of meal. For liquid piglet
feed formulations it can be used if it is dried to
a meal then re-hydrated but you cannot use it as
stabilised liquid blood.

Conclusions
If you need a solution for some speciality rendering
requirements or a need to process SRM, then
alkaline hydrolysis is the most logical solution.
For everyday rendering stick with what you have,
because that is where you already have your
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investment. However when the time comes to renew your plant, then I believe you should carefully
consider whether to render or to hydrolyse. It could
be the best financial decision you will ever make.
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Appendix 1
Laboratory Hydrolysis studies.
Some critical levels of inclusion have been withheld
upon legal and IP advice. These data are readily
available once confidentiality established.

The purpose of these studies was two fold;
1. For the ADT process to be able to inactivate
transmissible spongiform encephalopathy
(TSE), it was necessary to demonstrate protein
hydrolysis to polypeptides smaller than 5 Kilo
Daltons (KDa) in molecular size.
2. For regulatory application purposes, molecular
sizing following alkaline hydrolysis was
conducted where there was a known bioassay
result with a particular treatment. Residual
molecular size could then be equated with a
known bioassay result.
Minomic Pty Ltd was commissioned to conduct the
analytical work with quality workmanship. Initially
there was considerable difficulty in establishing
a laboratory technique that would solubilise
the samples following hydrolysis. Various
treatments replicating published data with known
bioassay results as well as a wide range of time,
temperature, alkali concentrations and types were
investigated to:

Figure 1a.

1. determine the correct parameters and optimal
operational conditions to ensure complete
hydrolysis to the desired polypeptide molecular
weight; that is < 5 KDa.
2. make comparative analyses of the ADT system
with published data that related bioassay
results to molecular size of hydrolysed TSE
prion proteins.
Bovine brain material was treated with a wide
range of alkali concentrations for different times
under laboratory conditions. As the ADT patent
operates within a range of 60oC to < boiling, a
base operational temperature was set at 90oC.
This is the most practical operational temperature
for hydrolysis under commercial conditions. It
was demonstrated that at lower levels of alkali
treatment there was incomplete protein hydrolysis
as shown by distinct bands of protein on SDS-PAGE
gels. As the alkali concentration increased there
was increased protein hydrolysis, as demonstrated
by the loss of banding, but the presence of
significant shading on the gels. The shading is due
to massing of polypeptides, both large and small,
that have aggregated as a result of the polypeptide
molecules having reactive sites following the initial
protein hydrolysis. As the alkali concentration
increased further, the amount of aggregation
reduced rapidly so that only small residual
polypeptides remained. Examples of these results
are shown in Figures 1a, 1b and 1c.

SDS-PAGE Gel results showing unhydrolysed bovine brain samples.

Control samples – no alkaline hydrolysis.
Lanes 25, 26 = Samples freeze dried only.
Lanes 6, 16 = Samples at 90oC for 1 hour.
Lanes 7, 17 = Samples at 90oC for 4 hours.
Note very strong banding = minimal hydrolysis.
M = Rainbow marker for molecular sizing (KDa) on Gel.
Numbers at top relate to different treatments.
Numbers to the left are molecular sizes (KDa)
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Figure 1b. SDS-PAGE Gel results showing incomplete hydrolysis of bovine brain samples under
different time and concentration parameters.
Lanes 8, 20 = Bovine brain treated with x NaOH w/w DM
at 90oC for 1 hour
Lanes 10, 21 = Bovine brain treated with x NaOH w/w DM
at 90oC for 4 hours
Note dark shading due to polypeptide aggregation which
has decreased with additional time of reaction at the
same concentration and temperature.
Note small amount of unhydrolysed protein in distinct
bands.
M = Rainbow marker for molecular sizing (KDa) on Gel.
Numbers at top relate to different treatments.
Numbers to the left are molecular sizes (KDa)

Figure 1c.

SDS-PAGE Gel results showing complete hydrolysis of bovine brain samples under
different time, alkali and concentrations

Lane M = Molecular weight markers.
Lanes 11, 22 = y% w/w NaOH at 90oC for 1 hour
Lanes 14, 23 = y% w/w NaOH at 90oC for 4 hours.
Note complete lack of banding demonstrating complete
hydrolysis but some aggregation shown by shading. Little
difference with the same treatment with increased time.
Lanes 14, 27 = x% KOH + x% Ca(OH)2 + a% NaOH w/w at
90oC for 1 hour.
Some aggregation but still complete hydrolysis with
combinations of alkalis.

To be sure that there was no residual protein
present after hydrolysis, mass spectrometry
analyses were conducted on plugs taken from the
SDS-PAGE gels. Even where there was some light
shading indicating some polypeptide aggregation
the actual presence of residual peptides was
minimal; therefore where there were clear lanes
shown on the Gels, it can be concluded that
hydrolysis is effectively complete, hence complete
TSE inactivation should TSE material be present in
the original samples as all protein broken down to
poly peptides of < 5 KDa.

Comparison with published data
Treatments described in published data where
alkali treatments were followed by bioassay of
hydrolysed TSE-infective material were replicated.
The degrees hydrolysis resulting from the various
treatments were determined by the SDS-PAGE
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method. These results are displayed in Figure 2.
It is noted that even in lanes 33 and 37 there
is evidence of some aggregation but the mass
spectrometry results showed that insignificant
amounts of TSE infective material, if any, would
have remained. The corresponding bioassays
showed complete inactivation if infectivity within
the limits of the test.
By comparison of these data it is evident that the
ADT process, when operated at sufficient time,
temperature and alkali concentration parameters,
will inactivate TSE. The ADT process produces
at least the same degree of protein hydrolysis
as the treatments described in the published
data, as determined from the molecular size of
the hydrolysed protein fragments. Since these
treatments have been shown to inactivate TSE by
hydrolysing the prion protein it follows that the
ADT process will also inactivate TSE infectivity.
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Figure 2.

SDS-PAGE results for treatments with bioassay results and ADT method.
Lane M = markers
Lanes 31, 35 = 1N NaOH solution treatment at room
temperature for 1 hour. TSE inactivation ~ 2.6 logs reduction
Lanes 32, 36 = 2 N NaOH solution treatment at room
temperature for 1 hour. TSE inactivation ~ 3.8 logs reduction
Lanes 33, 37 = 1 N NaOH solution treatment and boiled for
1 minute.
TSE Inactivation ~ 6.8 logs reduction
Lanes 34, 38 = 1 N NaOH solution treatment and
autoclave at 121oC at 2 bar pressure for 20 minutes.
Lane B = Decanter solids from rendering plant treated with z %
w/w (DM) NaOH : KOH at 90oc for 1 hour (ADT Process)

Batch quantity hydrolysis studies
The laboratory studies demonstrated the
processing parameters required to effect complete
protein hydrolysis. These parameters were then
applied to 40 – 60 Kg batches in an experimental
hydrolyser/dryer. Decanter solids from commercial
rendering plants were used for these studies and
thanks go to Kilcoy Pastoral Company and Valley
Beef for supplying these samples. The samples
were weighed into the rotary hydrolyser/dryer,
heated to ~ 90oC, treated with the desired alkali
for one hour, then dried and milled. The resultant
material was analysed for molecular size by
Minomic Pty Ltd. The alkali concentrations used
in this study are reported in the form w – z % w/w
on a dry matter basis. At both the w % and z %
w/w alkali treatments total protein hydrolysis was
demonstrated as shown in Figure 3.
Figure 3.

SDS PAGE analyses for decanter solids treated with w % and z % w/w alkali

M= Molecular weight markers.
Lane 10 = Previous known sample
Test = Control
Lane 71 = Treatment at 90oC with w % w/w alkali
(KOH:NaOH)
Lane 72 and 65 = Treatment at 90oC with z % w/w alkali
(KOH:NaOH)
Note clear lanes in all alkali treatments with total protein
hydrolysis.
Numbers on left are molecular sizes (KDa)
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It can then be concluded that total protein
hydrolysis and consequently TSE inactivation can
be achieved under commercial conditions.
When treated with sufficient alkali to hydrolyse
all protein to < 5 KDa residual polypeptide
size, decanter solids actually liquefy. While
this presents no real problems for commercial
production, it would be preferable for the product
to remain in a solid state. Experimentation then
proceeded to determine the effects of hydrolysis
with batch size decanter solids when:
1. All alkali was added to the decanter solids as
one addition.
2. Alkali was added after the decanter solids were
partially dried (~25% residual moisture)
Figure 4.

3. Half the alkali was added at the start of the
hydrolysis process followed by further addition
when the product was partially dry (~ 25%
moisture)
The SDS-PAGE analyses of material from these
treatments were also subject to a variety of
solubilisation procedures to increase the accuracy
of the results. These results are displayed in Figure
4. It is noticeable that when the solubilisation
procedure uses ethane dithiol, a very powerful
protein solvent, there is evidence of some
residual unhydrolysed protein in the progressively
hydrolysed treatments; therefore it was concluded
that for commercial processing all alkali addition
should be at the beginning of the hydrolytic step.

SDS PAGE Gels for partial dehydration before alkali addition, progressive alkali addition
during addition and complete addition prior to drying with three different solubilisation
procedures.

Treatments for this figure shown in table below.
Sample 40 = brain material from previous samples with 3
different analytical solubilisation procedures (Control)
Samples 60, 61= Decanter solids +z % w/w alkali addition
progressively each with 3 different analytical solubilisation
procedures at 90oC.
Samples 62, 63. = Decanter solids + z % w/w alkali addition at
90o C when product partially dried with 3 different analytical
solubilisation procedures.
Sample 64. = Decanter solids + w % w/w alkali addition at
90oC for 1 hour when product direct from decanter with 3
different analytical solubilisation procedures.
Sample 65. = Decanter solids + z % w/w alkali addition at
90oC for 1 hour when product direct from decanter with 3
different analytical solubilisation procedures.
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Table 1.

Treatments and analytical solubilisation procedures for SDS PAGE Gels in figure 5.

No

Material

Treatment

Solubilisation prior to SDS PAGE

40.1

Brain

w % w/w alkali. 1 hour 90C, FD

7M Urea, 2M Thiourea, 1% (w/v) SDS, 25mM DTT

40.2

Brain

w % w/w alkali*. 1 hour 90C, FD

25mM DTT, 1% (w/v) SDS

40.3

Brain

w % w/w alkali*. 1 hour 90C, FD

10ml TFA, 0.25ml Ethane Dithiol, 0.5ml MilliQ water

60.1

Decanter solids

Progressive

7M Urea, 2M Thiourea, 1% (w/v) SDS, 25mM DTT

60.2

Decanter solids

Progressive

25mM DTT, 1% (w/v) SDS

60.3

Decanter solids

Progressive

10ml TFA, 0.25ml Ethane Dithiol, 0.5ml MilliQ water

61.1

Decanter solids

Progressive

7M Urea, 2M Thiourea, 1% (w/v) SDS, 25mM DTT

61.2

Decanter solids

Progressive

25mM DTT, 1% (w/v) SDS

61.3

Decanter solids

Progressive

10ml TFA, 0.25ml Ethane Dithiol, 0.5ml MilliQ water

62.1

Decanter solids

Partially Dry

7M Urea, 2M Thiourea, 1% (w/v) SDS, 25mM DTT

62.2

Decanter solids

Partially Dry

25mM DTT, 1% (w/v) SDS

62.3

Decanter solids

Partially Dry

10ml TFA, 0.25ml Ethane Dithiol, 0.5ml MilliQ water

63.1

Decanter solids

Partially Dry

7M Urea, 2M Thiourea, 1% (w/v) SDS, 25mM DTT

63.2

Decanter solids

Partially Dry

25mM DTT, 1% (w/v) SDS

63.3

Decanter solids

Partially Dry

10ml TFA, 0.25ml Ethane Dithiol, 0.5ml MilliQ water

64.1

Decanter solids

Wet

7M Urea, 2M Thiourea, 1% (w/v) SDS, 25mM DTT

64.2

Decanter solids

Wet

25mM DTT, 1% (w/v) SDS

64.3

Decanter solids

Wet

10ml TFA, 0.25ml Ethane Dithiol, 0.5ml MilliQ water

65.1

Decanter solids

Wet

7M Urea, 2M Thiourea, 1% (w/v) SDS, 25mM DTT

65.2

Decanter solids

Wet

25mM DTT, 1% (w/v) SDS

65.3

Decanter solids

Wet

10ml TFA, 0.25ml Ethane Dithiol, 0.5ml MilliQ water

Studies with active TSE material
Although it is well documented that alkaline
hydrolysis of TSE material will achieve >7 log
reduction in TSE infectivity under the correct
time/temperature/concentration conditions, it
was necessary to complete studies to verify that
TSE inactivation was occurring under the ADT
processing conditions.

NewLab BioQuality AG in Germany were contracted
to undertake the studies. Although there were a
couple of small errors in the sample preparations,
all alkali treatments showed inactivation within
the experimental limits of the Western Blot
technique. The treatments used in this experiment
are shown in Table 2.

Table 2. Western Blot and SDS PAGE treatments with TSE material.
Number

Treatment

1

Control

2

1 N NaOH, room temperature 1 hour*

3

2 N NaOH, room temperature 1 hour*

4

1 N NaOH, boil 1 minute*

5

1 N NaOH, autoclave 121oC at 2 bar for 20 minutes*

6

y % w/w alkali (NaOH:KOH) 90oC for 1 hour. (Neutralised)# - ADT Process

7

b % w/w alkali (NaOH:KOH) 90oC for 1 hour. (Neutralised)# - ADT Process

8

z % w/w alkali (NaOH:KOH) 90oC for 1 hour. (Neutralised)# - ADT Process

* these samples should have been neutralised
#
these samples should not have been neutralised.
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Figure 5. SDS PAGE analyses with TSE spiked material.
Notes:
In lane 4 some faint banding
indicating fractional remaining
amounts of unhydrolysed protein.
This treatment gave > 6.4 logs
reduction in TSE infectivity
At the lower levels of lanes 2 and 3
a probable unhydrolysed TSE band.
Residual aggregation (shading with
the absence of banding in lanes 5,
6, 7, & 8).

The Western Blot method used in this experiment
could detect up to about 3.5 – 4 log reduction in
TSE infectivity. It was expected that treatments 2
and possibly 3 should have shown some blotting;
that is evidence of active prion protein. However,
when it is noted that the samples were not
neutralised and therefore the hydrolytic reaction,
in theory at least, would continue further reducing
the amount of intact prion protein as well as a
close inactivation margin (2.6 log v’s 3.5 log), then
this result is not surprising.
SDS-PAGE analyses were also conducted on the
TSE spiked treatments. These analyses were
the same analyses that were used by Minomic
Pty Ltd (see Figure 3) so the results are readily
comparable. These results are shown in Figure 6.
These data are further sound evidence that
the ADT process, when operated at the correct
operational conditions will inactivate TSE activity
to undetectable amounts.
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Appendix 2
Effects of feather meal in wheat, sorghum and soybean meal based diets
on broiler performance
A report to ADT Rendering by Dr A. Kumar
School of Animal Studies
The University of Queensland
Gatton 4343
AUSTRALIA

I

Introduction

Hydrolyzed poultry feathers or feather meal is
produced by hydrolyzing clean, undecomposed
feathers from slaughtered poultry. The most
important factor affecting the quality of hydrolyzed
poultry feathers is the extent of hydrolyzation. If
less than 75 percent of the crude protein content is
digestible by the pepsin digestibility method, then
hydrolyzation was incomplete and protein quality
is reduced.
Unprocessed feathers are high in Crude Protein
(CP), but are highly indigestible. The primary
protein that is found associated with feathers
is keratin, which contains a high amounts of
cystine (approximately 10%). The cross-linking
of cystine is why the CP fraction of feathers is
highly indigestible. When moist heat is applied at
elevated temperatures the cross linkages between
the cystine’s are cleaved and the CP becomes
readily digestible. Normally feathers are processed
by cooking them in a pressurized chamber at 30 to
45 pounds/square/inch for 30 to 60 minutes and
the resultant CP digestibility will be in excess of
75 % and normally runs between 80 to 85 %. After
cooking the resultant meal is dried and ground.
Feather meal is deficient in lysine, methionine,
cystine, histidine and tryptophan for poultry. The
amino acid profile of feather meal is rather poorly
balanced, so care needs to be observed when
formulating rations using feather meal, to assure
that the ration contains the proper balance and
amounts of amino acids. Feather meal is produced
commercially on a large scale by different
companies. This study was undertaken to compare
the effects of adding feather meal produced by

two different companies (ADT Rendering and
commercially available feather meal) to a wheat,
sorghum and soybean meal based diet on the
broiler production performance.

II Methodology
A total of 256, seven days old, Ross male broilers
was selected according to average weight and
allocated eight to each of 32 cages. A brooding
temperature of 340C was maintained during the
first week and gradually reduced to 26 0C over
three weeks. All birds were kept under standard
housing and management conditions. There were
four experimental diets and each diet was offered
to eight cages/replications (a total of 64 chickens
per diet). All chickens were vaccinated against
Mareks Disease at the hatchery. There were two
types of diets offered, broiler starter and broiler
finisher. The broiler starter diets were offered from
week two to week three and the finisher diets
from week four to week six. The major difference
between the four experimental diets used in this
study was the two different sources of feather meal
and their inclusion levels in both broiler starter
and finisher diets. To test the efficacy of different
feather meals used in this study, 4.5 percent
soybean meal of the control diet was replaced by
commercial feather meal, 6.0 per cent soybean
meal replaced by ADT #1 or ADT # 3 feather meal.
Experimental diets were mixed on site using a one
tonne horizontal mixer. Birds in the trial were on a
21 hour lighting programme with a minimum light
intensity of 10 lux using fluorescent bulbs. This
study was conducted from 3rd August 2006 to
6th September 2006 at the School of Animal
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Studies Poultry Research Unit, University of
Queensland, Gatton to the standards set in
Australian Model Code of Practice for the Welfare
of Animals –Domestic Poultry 4th Edition, 2002.
The ingredient and nutrient compositions of the
experimental diets are presented in Table 1 and
Table 2. The experimental mash diets (broiler
Table 1.

starter and finisher), offered ad libitum from 2 to 6
weeks were as follows:
Diet 1- Control (No Feather Meal)
Diet 2- Commercial Feather meal (4.5%)
Diet 3- ADT Feather Meal #1 (6%)
Diet 4- ADT Feather Meal #3 (6%)

Ingredient and nutrient composition of the experimental diets (%) (Broiler Starter)

Ingredient
Sorghum

Control Diet

Commercial Feather meal

ADT feather meal
Sample 1 and 3

45.26

45.26

45.26

Wheat

16.00

16.00

16.00

Soybean meal

18.00

13.50

12.00

Canola meal

10.00

10.00

10.00

Feather Meal

0

4.50

6.00

Bone and meat meal

8.00

8.00

8.00

Vegetable oil

1.70

1.70

1.70

Salt

0.34

0.34

0.34

Sodbicarb

0.20

0.20

0.20

Cholin Chloride

0.09

0.09

0.09

Vit. and Minerals

0.20

0.20

0.20

Lysine

0.21

0.21

0.21

100.00

100.00

100.00

Total

Calculated Analysis
ME MJ/kg

12.54

12.35

12.35

CP %

22.58

22.79

22.83

Table 2. Ingredient and nutrient composition of the experimental diets (%) (Broiler Finisher)
Ingredient

Control Diet

Commercial Feather meal

ADT feather meal
Sample 1 and 3

Sorghum

48.26

48.26

48.26

Wheat

16.00

16.00

16.00

Soybean meal
Canola meal
Feather Meal
Bone and meat meal

14.0

9.50

8.00

10.00

10.00

10.00

0

4.50

6.00

8.00

8.00

8.00

2.7

2.7

2.7

0.34

0.34

0.34

Sodbicarb

0.20

0.20

0.20

Cholin Chloride

0.09

0.09

0.09

Vit. and Minerals

0.20

0.20

0.20

Vegetable oil
Salt

Lysine
Total

0.21

0.21

0.21

100.00

100.00

100.00

13.01

13.02

13.01

20.20

20.01

20.01

Calculated Analysis
ME MJ/kg
CP %

All birds in each cage were weighed as a group on days 21 and 41. Feed was weighed when offered to the
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birds and left over feed (residue) was weighed
in all the groups on days 21 and 41 at the end
of the starter and finisher feeding periods,
respectively, to determine feed consumption and
feed conversion ratio. When mortality occurred,
time of death was recorded and the weight of
the dead bird was recorded to calculate the true
feed conversion ratio (FCR). Group data were
analysed statistically using the SAS (SAS Inc.,
2000) programme to determine the significance
of difference between the treatments for the
measured parameters.

III Results
Three and six weeks mean body weight, weight
gain, feed intake, FCR and mortality of broilers fed
the diets containing feather meal are presented in
Table 3.

7-21 days performance:
Mean body weight of birds fed diets containing
6% ADT #3 feather meal were not significantly
different than those fed the control diet with no
feather meal. Weight gain was significantly higher
in groups fed the diet having 6% ADT #3 feather
meal than those fed diets with 4.5 % commercial
feather meal, 6% ADT #1 feather meal or control
diet having no feather meal. Feed consumption

was significantly lower in groups fed diets having
6% ADT #3 feather meal than those groups fed
the control diet. Feed consumption was not
significantly different between the groups fed diets
having commercial or ADT feather meal at different
inclusion levels. Feed conversion ratio of the
groups fed ADT #3 feather meal was significantly
better/superior than those fed the control diets,
ADT#1 or commercial feather meal. There was no
mortality recorded during this period.

22-41 days performance:
There was no significant difference in average
weight gain, feed intake, feed conversion ratio
or percent mortality between the groups fed
control diet, diets containing 4.5% commercial or
6 per cent ADT #1 or ADT #3 feather meal.

7-41 days performance:
There was no significant difference in mean body
weight, average weight gain, feed intake or percent
mortality between the groups fed control diet, diets
containing 4.5% commercial or 6 per cent ADT #1 or
ADT #3 feather meal. Superior feed conversion ratio
was observed in groups fed diets having 6% ADT
#3 feather meal but it was not significantly different
between the treatment groups.

Table 3. Effects of feather meal in wheat, sorghum and soybean meal based diets on broiler performance
MEASUREMENTS

Control

Commercial
Feather Meal

ADT Feather
meal # 1

ADT Feather
meal # 3

LSD

P VALUE

7-21 Days
Mean body weight (g/bird)

592 ab

581 b

587 b

620 a

Weight gain (g/bird)

466

460

463

493

Feed intake (g/bird)

858 a

FCR(g feed/g gain)
Mortality (%)

b

1.850 a

b

819 ab
1.781 a

b

815 ab
1.763 a

27.49

0.03

a

25.13

0.04

801 b

43.33

0.06

1.627 b

0.118

0.005

0

0.05

0

0

0

0

Mean body weight (g/bird)

1992

1993

1962

2005

102.8

0.85

Weight gain (g/bird)

1865

1871

1837

1878

100.29

0.84

7-41 days

Feed intake (g/bird)

3570

3568

3576

3513

124.67

0.70

FCR(g feed/g gain)

1.915

1.910

1.950

1.872

0.088

0.35

1.56

1.56

1.56

0

3.92

0.80

Mortality (%)
21-41 days
Weight gain (g/bird)

1399

1411

1375

1385

90.57

0.85

Feed intake (g/bird)

2711

2749

2760

2712

109

071

FCR(g feed/g gain)

1.939

1.955

2.016

1.960

0.114

0.54

1.56

1.56

1.56

0

3.92

0.80

Mortality (%)

Means with different superscripts are significantly different
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IV Conclusions
Significantly better weight gain and feed
conversion ratio of groups fed the diets containing
ADT #3 feather meal was noticed at 21 days of
age. This study clearly indicates that there was
no significant difference in broiler production
performance at 41 days between the groups fed
the control diet with no feather meal or diets
with 6 per cent ADT #1 or #3 feather meal or
4.5 per cent commercial feather meal. There were
no deleterious affects of feeding feather meal on
broiler production performance in this study.
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Outlook for Animal Protein Markets
Michael Betar, Standard Commodities Group, Sydney

Slide 1

Slide 4

Agenda

2006 Australian MBM Exports by Destination

• Production & export of animal protein meals
• Export destinations for ANZ animal protein meals
• Potential for specialised meals
• Typical diets in Asia
• Advantages for Australian animal protein meals in Asia

Asia

211,316

(92.3%)

North America

13,747

(6.0%)

Europe

2,250

(1.0%)

Africa

1,640

(0.7%)

Total

228,953 MT

• Prices in the short and long term

Slide 2

Slide 5

Production & Export of Animal Protein Meals

Export Destinations for New Zealand MBM

• PRODUCTION
Australia: 600,000mt (approx.)
New Zealand: 240,000mt (approx.)

NEW ZEALAND MBM EXPORTS 2006
1 East Asia
2 North America

• 2006 Export of ANZ Animal Protein Meals
425,000mt
Australia: 240,000mt
New Zealand: 185,000mt

3 Oceania

• 2006 Export of SAM Animal Protein Meals (Sth America).
200,000mt (approx.)

6 Middle East

4 Europe
5 West Asia

7 South America

Slide 3

Slide 6

Export Destinations for Australian MBM

2006 New Zealand MBM Exports by Destination

AUSTRALIAN MBM EXPORTS 2006
1 Asia
2 North America
3 Europe
4 Africa

East Asia
North America
Oceania
Europe
West Asia
Middle East
South America
Total

122,690
25,778
16,499
5,395
4,362
2,198
223

(69.3%)
(14.6%)
(9.3%)
(3.0%)
(2.5%)
(1.2%)
(0.1%)

177,145 MT
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Slide 7
Production & Export of Animal Protein Meals
There has been a shift by South America to seek markets other than its traditional partners, Egypt and South Africa

Traditional South American Export Markets (2000)

Slide 8
Export of Animal Protein Meals
This has lead to encroachment of ANZ markets, especially in South East Asia, by South American producers

Growing South American Export Markets 2007
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Slide 9

Slide 12

Global Export of Animal Protein Meals

Potential for Specialised Meals

• North American / EU exports to Asia were estimated
to be in excess of half a million tonnes per year before
BSE.

• Fish Meal blends:

What if they were allowed back in?
• USA already exporting ex approved plants to Indonesia
– the largest MBM import market in the world. The
market considers it is likely US exports will increase to
Asia in the next 12 months, particularly given more USA
beef is getting export market acceptance.
• EEC – perhaps within 24-36 months there is an
increased likelihood of porcine MBM and all poultry byproducts (not only for pet food) being used in
non-ruminant feed rations.

Solid potential for production of protein blends used
to replace Fish meal in feeds for poultry, pigs and
aquaculture.
Commonly called Fish meal analogues or Fish meal
replacers.
Based on the very high costs of Fish meal, at over US
$1000/mt (ie South American 65% protein Fishmeal).
Commonly blends are made up of Fish meal, MBM,
Blood meal, Poultry meal, DL methionine and MDCP.

Slide 10

Slide 13

Global Export of Animal Protein Meals

Case Study

• Increased market acceptance = increased market usage.
i.e. feed formulators start to include MBM in diets once
they know the commodity is more readily available.

• HJ Baker (USA) was the leader in this field with their
product “Pro Pak”. They are a highly regarded operation
in North America and throughout South East Asia.

• Present price structure of MBM, say US $360/mt CFR
S.E. Asia would drop not less than US $50/mt and as
much as US $100/mt in the event of North American
and or European animal proteins being allowed full
scale entry.

• They have several plants in the USA where they market
domestically a blended animal protein as well as
servicing the growing Mexican / Latin American markets.

• The price of MBM, in all probability, would soon recover
due to greater market acceptance / usage. This would
happen fairly steadily over a 3 to 6 month period.
Eventually tapering to a maximum decrease of say 10%
price reduction. Perhaps putting it slightly above SBM.

• The notion to take animal proteins, for example poultry
proteins such as PBM, blend it with MBM etc then return
to the integrator the finished formulated analogue, on
a toll process basis, complete with its own herbs and
spices is a simple and effective business proposition.
• This has underpinned the success of this venture in North
America and secured its path to Asian export arenas.

Slide 11

Slide 14

Potential for Specialised Meals

Potential for Specialised Meals

• There are 3 specialty meals/blends which the ANZ
rendering industries can target:

• These products are formulated to have the nutritional
characteristics of a Fish meal, usually a 65% protein
Fish meal.

Fish meal blends
Low ash MBM meals
Low ash Poultry meals

• Should be formulated to be equal in protein, energy,
the essential amino acids (lysine, methionine,
methionine+cysteine, tryptophan, threonine, isoleucine
and valine), calcium and available phosphorus.
• Require strong marketing for success with these
products.
• See next slide for a comparison of Fish meal 65 with a
good quality protein blend (FishPro 65).

77

Ninth International Symposium on World Rendering 2007

Slide 15

Slide 19

Comparison of Fish meal with a Fish meal Blend
Fish meal 65
Protein, %
65
DE, Kcal/kg
3448
Lysine, %
5.20
Methionine, %
1.95
M+C, %
2.44
Tryptophan, %
0.75
Threonine, %
2.70
Arginine, %
3.38
Isoleucine, %
2.70
Valine, %
3.30
Calcium, %
4.50
Phosphorus, %
2.20

FishPro 65
65
3515
5.20
1.70
2.50
0.75
2.85
3.00
2.00 *
3.70
4.6
2.35

* Isoleucine is the only essential amino acid that
cannot be matched in a protein blend

Typical Diets in Asia
• It is worth noting that the economics of MBM usage
relate largely to the price of SBM at any given time.
• When SBM is at its typical ASEAN price of say
US $300/mt (CFR), then MBM 50 would have an
opportunity price of about US $330/mt (CFR).
• Under this scenario, MBM 50 would not be economic at
prices above, say US $350/mt and would thus reach a
“cut-out” point where it becomes simply too expensive.
• With current SBM prices at say US $335/mt (CFR),
MBM would have an opportunity price of about
US $360/mt, and would not be economical at above
US $380/mt (CFR).

Slide 16

Slide 20

Potential for Specialised Meals

Broiler Grower Diet (Vietnam)

• Low ash Meat and Bone Meal:
A premium price is available for this type of meal.
They are used mainly in aquaculture feeds.
Characteristics are ash of about 22% and protein of
about 55%.
Produced from soft offal with a low amount of bone.

Slide 17
Potential for Specialised Meals
• Low ash Poultry meal

Without MBM

With MBM

570.13
7
80
0
321
10
2.4
2
2
0.24
0.3
1.5
3.43
1000

506.03
80
80
40
284
1
0
2
1.5
0.24
0.2
1.7
3.33
1000

Corn
Rice bran
Cassava
Mbm 50
Sbm 47 USA
Limestone
DCP 18
Sodium bicarbonate
Salt
Phytase
Lysine
Methionine
Other *
Total, kg

* Vitamins/trace minerals, AGP, anti-mould, anti-oxidant,
mycotoxin binder, pigment.

A premium price is available for this type of meal.
Characterised by ash of about 14% and protein of 65%.

Slide 21

Used for production of pet food and aquaculture feeds.

Pig Grower Diet (Vietnam)

Produced from poultry renderings, with minimal
inclusion of feathers.

Slide 18
Typical Diets in Asia
• Animal diets in Asia vary greatly in composition, with
availability and price of ingredients, but can generally
be described as being “corn-soy”.
• i.e. The major grain is corn and the major protein meal is
soybean meal.
• For example in typical poultry (broiler) diets, corn plus
soybean meal would constitute 85-90% of all diets.
• The following few slides will demonstrate diets for
broilers, swine and fish. In each case, diets are shown
without and with MBM
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Corn
Rice bran
Extracted rice bran
Cassava
Fishmeal 65
Mbm 50
Sbm 46 India
Oil
Limestone
DCP 18
Salt
Phytase
Methionine
Other*
Total, kg

Without MBM

With MBM

369.68
150
50
150
20
0
230
15
8
0.6
2.8
0.12
0
3.8
1000

355.48
150
50
150
0
40
234
13
1
0
2.5
0.12
0.1
3.8
1000

* Vitamins/trace minerals, AGP, anti-mould, anti-oxidant,
mycotoxin binder, pigment.
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Slide 22

Slide 25

Fish Diet (Tilapia or Catfish, Vietnam)

Price Directions

Corn
Rice bran
Cassava
Mbm 50
Fishmeal 60
Sbm 46 India
Palm kernel meal
Rapeseed meal
Copra meal
Fish oil
Limestone
DCP 18
Vitamins/minerals
Total, kg

Without MBM
71
249.5
150
0
50
191
100
50
100
20
6.5
11
1
1000

With MBM
50
249.6
150
50
0
220
100
50
100
20
4.1
5.2
1
1000

• Current price around AU $400-420/mt FOB.
• Likely price trends – steady to perhaps weaker values
heading into Q3 and Q4 of 2007.
• Massive supply of feeds, proteins and by-products
resultant of record crops in North and South America.
• Soymeal and say Corn Co-Products (DDGS/CGF) remain
in plentiful supply (and increasing), thus MBM limited
upside.
• Effect of re-entry of USA MBM into Asian markets will
keep a ceiling on values.

Slide 23

Slide 26

Advantages for Australian Animal Protein Meals
in Asia

Price Directions

• There is sometimes a preference for ANZ meals over
those of other origins due to the low disease prevalence
in these countries.
• In particular the absence of FMD (Foot and Mouth
Disease), BSE (Bovine Spongiform Encephalopathy),
and NCD (Newcastle Disease).
• In most global markets, there has been a move
towards lower inclusion levels of animal protein meals,
particularly fishmeals in animal diets. Apart from
historically high prices of fish meal, health issues,
consumer perception, export/import bans on MBM all
contribute as well to this trend.
• Higher costs of animal proteins and concern over
BSE/FMD.

Slide 24
Advantages for Australian Animal Protein Meals
in Asia
• Some feed producers have made the decision not to use
any animal protein meals. For example one very large
feed company in the Philippines will not use (porcine)
MBM in any feeds, regardless of origin.
• Others, China being a good example, will only really use
ANZ origin due to health perceptions, BSE / FMD, although
there may exist some political issues (USA/China trade
debacle) which may also effect the trade here.
• In the case of SAM, Uruguay has been the only real
exporter to China given their BSE / FMD free status.
• Religion and concerns over disease have created
certain requirements for some markets and some feed
producers.
• Some markets will accept Porcine MBM but not
Beef MBM.
• Some markets and some feed producers will not accept
porcine meals (halal), ie Indonesia.
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The Rendering Industry in South America
German Davalos, National Renderers Association

The main producers of rendered products in South
America are Brazil, Argentina, and to a lower
extend, Uruguay.

The Brazilian Rendering Industry
In 2006, the Brazilian rendering industry
reached a production volume close to 5 MMT,
with a value of approximately 1 billion USD.
Animal feed production, the main consumer of
rendered products, increased by 3.5% to reach
48.7 MMT, therefore consuming the majority of
Brazilian rendered products. Exports of rendered
products also increased, especially by-products
from the poultry industry, but due to the fall of
the Brazilian currency, earnings were reduced.
There is a large number of Renderers in Brazil,
but only 326 plants are registered and are
inspected by the Ministry of Agriculture, the rest
of the plants operate in an informal manner in
the country. The Brazilian Renderers Association
(SINCOBESP), has approximately 35 rendering
plants as members, and its purpose is to offer
training programs, certification programs and
deals with government issues that may affect the
industry. The biggest challenge for the Brazilian
Renderers will be to reach a better integration,
and to make SINCOBEST a stronger association
to represent them; second, to follow the rules
established by the Ministry of Agriculture related
to sanitation, the implementation of programs
for good manufacturing practices (GMP) and
HACCP. Currently, 40% of the plants registered
with the Ministry of Agriculture do not reach a
satisfactory level of GMP. The third challenge for
the industry is the evolution of the sector towards
biodiesel production. In 2007, the first biodiesel
plant using tallow will begin operations; this
plant will be the biggest in Brazil and the second
largest in the world supplying 14% of Brazil’s
demand for biodiesel. The plant has a production

capacity of 110 million liters per year and a yearly
consumption of 110 TMT of tallow.

The Argentinean Rendering
Industry
The Argentinean rendering industry is represented
by approximately 40 companies registered with
the Ministry of Agriculture, in addition to these;
there are plants that belong to integrated poultry
operations. About 60% of total production
comes from 5 companies. As in Brazil, there are
a similar number of plants that are not registered
with the Ministry of Agriculture. During 2006,
production of protein meals and fats / greases
reached approximately 700 TMT. Although the
poultry sector has recovered, the beef production
sector has decreased by 10%. For Argentinean
Renderers, biodiesel is also a great opportunity
for the future and the Government is already
implementing programs to develop biodiesel
production. By the end of 2007, it is estimated that
the necessary norms to regulate the operation of
biodiesel plants will be in place. The goal of the
Argentinean Government is to replace at least 5%
of conventional fuels with renewable fuels by the
year 2010.

Price of Animal Proteins / Tallow
and Vegetables Oils from Brazil
(May/07)
In general, FOB prices for protein meals offered
by Brazil are the lowest in the region, Argentina
follows with FOB prices approximately 5% higher
for meat and bone meals with protein levels of 4045% and 10% higher for meat and bone meals with
protein levels 50-55%. Uruguay offers a product
similar to Argentina in quality and price but it
produces smaller volumes.
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May/07
USD Exch. Rate 05-07

1,981

Min - USD

Crude Palm Oil

1171

Crude Palmiste Oil

1474

Refined Flax Oil

1540

Refined Soybean Oil

858

Semi Refined Cotton Oil

858

Soybean Lecithin

808

Tallow (1)

535

Poultry Fat (2)

656

Swine Fat (3)

530

Meat and Bone Meal Low Prot (4)

141

Meat and Bone Meal High Prot (5)

162

Meat and Bone Meal Northeast Low Prot (4)

177

Poultry Viscera Meal (6)

303

Poultry Feather Meal (7)

227

Blood Meal

328

(1) FFA Max.3,5%; Moist/Impurities Max 1%; Tit.42-46 )
(2) FFA Max.3,5%; Moist/Impurities Max 1%
(3) FFA Max.12%; Moist/Impurities Max 1%
(4) Pt. Min. 40%; EExt Min.8-15%; Moist Max.8%; Ash Max. 42%;Ca Max. 15.5%; P Min.5%
(5) Pt. Min. 45%; EExt Min.8-15%; Moist Max.8%; Ash Max. 36%;Ca Max. 13%; P Min.4%
(6) Pt. Min. 58%; EExt Min.10-12%; Moist Max.8%; Ash Max. 13-22%;Ca Max. 13%; P Min.1.5%
(7) Pt. Min. 75%; EExt Min.8-12%; Moist Max.10%; Ash Max. 4%
(8) Pt. Min. 80%;Moist Max.10%
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The World is a Hedge Fund
Gregory V. Pickup, Chicago Perspective

Good morning members of the ARA. I would like
to thank you for the chance to address you on the
subject of world vegetable oils.
There was a time when a hedge meant laying off
risk and running a neutral position. That time
is past. The world of commodities has been
structurally altered in the last few years and as
part of it vegetable oils are no exception. How
have commodities changed? The first answer is
simple. Money. And a lot of it. Commodities have
become an asset class. No longer simply confined
to producers, traders and consumers the spectrum
now includes fund managers of all varieties. These
can be identified as the traditional trend following
funds, the hedge funds and the long only asset
funds. To these must be added the proprietary
bank trading desks which trade and market over
the counter derivatives based on listed futures
prices.
Index funds, which only take long positions, have
assets of over 120 Billion dollars. It should come
as no surprise that fund managers would gravitate
to a new market that traded at historically cheap
prices and was easily marketed first as mutual
funds but then as securities which could easily be
sold to individual investors.
Cocktail chatter has moved from real estate to
commodities. One dinner guest recently confided
that ‘Long Agricultural ETF’s were a part of her
portfolio.’ The former turf of speculators has gone
mainstream.
And it is a far cry from the traditional view of the
lone speculator as evidenced by Jesse Livermore’s
famous remark: ‘You can beat a horse race, but you
can’t beat the races.’ It was a given that there were
times when trading a trend in commodities could
be profitable and there were times to sit and do
nothing.

Now that commodities have become an asset
class they will move in tandem with other assets.
Witness the break last February when the Chicago
grain markets broke on a decline in the Chinese
stock market.
The second change is the use of food for fuel.
Bio diesel and ethanol have introduced a new
element into price discovery. Together these two
factors have altered the landscape. It is, in my
view, a structural change, that has years left to run.
Those that seek to wait for a return to the former
era when supply/demand forces were more easily
quantifiable may face a lonely time.
But first let us look at the balance sheet of world
vegetable oils. In June the USDA projected that
world vegetable oil stocks would fall 13% this crop
year to 8.32 MMT and decline an additional 6%
in 2007/08 to 7.80 MMT. This would represent
around 7.2% of implied consumption.
Not surprisingly oilseed stocks are projected to
decline in 07/08 for the first time since 2003/04.
The USDA projection is for stocks to fall 10.55 MMT
to 60.77 MMT.
As the correlation between stocks and
consumption is a negative 91% the implication is
clearly for higher vegetable oil prices. The question
being have current prices accomplished their
primary task of restraining usage through higher
prices?

Incremental supply & demand in
06/07
Firstly, Soya oil: USDA estimates that world
production of soybean oil will increase by 1.35
MMT.
Rapeseed, production will actually decline but
large carried-over stocks in Canada as well as
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in India will mean that rapeoil production will
increase by 630,000 tonnes to 17.79 MMT.

The increase in traditional edible demand is led by
China and India.

Sunflowerseed crush is estimated to produce 10.73
MMT up 360,000 tons.

China is in the middle of an investment boom with
economic growth of over 10% per annum. For the
Oct/May period imports of soyoil total 1.521 million
tons up 25% from last year. Imports of palm oil for
the same period were 3.259 million tons vs. 2.430
last year, also a gain of about 25%.

Groundnut oil production is estimated to fall by
80,000 tons due in part to the lower Indian crop.
Cotton oil is estimated to increase by 150,000
tons.
World Palm oil production was expected to
increase from 35.96 MMT to 39.3 MMT an increase
of 3.3MMT. As recently as January palm oil
production was surprisingly high in large part due
to the lag effect of above normal precipitation in
the 9-12 months preceding period. This came to an
abrupt halt and combined with increased demand
led to a sharp draw down in stocks of 30%.
Prices appear to have increased enough to
significantly slow down export demand this month
as shipments for the first half of June dropped 21
percent from May. The market was down again
after the Malaysian Palm Oil Board released data
showing stocks at the end of May were 1.118 MMT.
Domestic consumption was strong through the first
half of the marketing year largely due to expanding
bio diesel production. However, domestic use
was subdued in April and May as high prices have
taken the profitability out of using palm oil for bio
diesel and other energy uses.
Stocks by the end of September could rise to 1.6
MMT vs. 1.799 at the end of September 2006.
When combined with Indonesia it is likely that
stocks will reach their lowest point at the end of
July. Even with a substantial increase in production
during the last half of the year production in
Malaysia is projected at 15.8MMT and Indonesia at
15.9 MMT. Vs. earlier estimates of 17.2 MMT.
This would mean an increase in supply of palm for
all origins of 1.016 MMT vs. last year with 06/07
production at 36.83.MMT. In total this puts the
increase for the four major seed oil plus palm
plus soy at 3.426 MMT. This is down from earlier
expectations of an increase of well over 4.0 MMT.
On the demand side, World Consumption is
growing at an increasing pace. In 2002—2005 it
grew at 4% but since 04/05 it has been between 7
and 8 percent.
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Some quick facts show China’s impressive growth.
China is building power plants at the rate of two
every week. This is five times the rate of the US.
China is the world’s largest consumer of copper.
As recently as 2001 the US occupied first place.
Now China consumes twice as much. The growth
in copper demand in China this year will be
larger than the entire consumption of copper in
the housing industry in the United States. China
recently took over Japan to become the second
largest car producer in the world and 90% of
Chinese buy their cars for cash.
India’s imports of all vegetable oil are estimated
to increase by 800,000 tons to 6.2MMT. Per capita
consumption, currently at 12.8 kilos per annum
can be expected to increase as India enjoyed its
second-fastest year of growth since independence.
For the year ended March 2007 the economy grew
by 9.4%.
Developing nations such as Indonesia, Brazil,
Pakistan, Russia, Bangladesh, and Mexico are all
growing at a rate of 5 to 6 percent.
Growth in industrial consumption is dominated
by bio diesel which accounts for 40% of demand
growth yet represents 20% of overall vegetable
oil consumption. The growth of green technology
holds something of allure for both politicians and
industry. Here is an industry that can be marketed
as a boon to the environment and help farmers.
The fact that ethanol from corn consumes almost
as much energy as it produces has not stopped
it becoming a multibillion dollar and highly
profitable industry.
The projected increase in bio diesel capacity for
calendar 2007 is approximately 8.5 MMT. This is
led by the EU at a projected 2.5 MMT, Malaysia
and Indonesia at 1.25 MMT each and the US at
1.0 MMT. How much of this capacity is utilised
depends on margins.
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Currently the increase in vegetable oil prices
and changes in the EU fuel taxes have tempered
demand for bio diesel demand in Europe which
alone accounts for nearly 40% of world demand.
In Malaysia the plan to require all domestic diesel
fuel to contain a minimum 5 percent palm oilbased bio fuel starting in 2008 may be delayed,
the country’s commodities minister announced in
late June.
Apart from the price of feedstock bio diesel is
largely dependent on the price of crude oil and its
products. Is peak oil a media myth? Or do we face
a shrinking supply of petroleum in a world with
increased demand from developing countries?
The evidence suggests that global oil output
combined with increasing demand is leading to a
supply shortage. It looks like this Peak is here or
very close. Most oil fields hit peak production for
only the first 3-5 years and then decline by 5-20%
annually until the field becomes uneconomic. Over
75% of the oil fields that supply 80% of the world’s
oil are all in unstoppable production declines. For
every four barrels of oil we consume we only find
one barrel to replace it.
The IEA has lowered its estimate for non OPEC
production for 2007 to 50.25 million bpd. Last
August the growth was forecast at 1.56 million bpd.
Now it is 860,000. Their reasons include ‘mature
field declines’. Of greater interest is the fact that
the IEA increased 2006 demand by 250,000 bpd
to 84.5 million bpd and added 420,000 bpd to
its 2007 forecast. This suggests that current high
prices for crude oil are not rationing demand.
Notably the increase in demand is coming from
emerging markets such as Nigeria, Indonesia and
Venezuela. Underscoring this fact IEA forecasts
total world demand to grow by 2.4 million bpd
while non OPEC supply will grow by 750,000 bpd.
This means that the increased demand will have
to be met by OPEC. The IEA estimate puts this
increase at 500,000 bpd with the majority of the
increase coming in the third and fourth quarters
of 2007.
The June 25, 2007 edition of Business Week
writes that, ‘We will know soon enough whether
the capacity to raise production really exists. If
not, basic math and the clock tell the story. All
alternatives—geothermal, solar, wind, etc.—
produce only 3% of the energy supplied by oil.

If oil demand rises by 2% while output remains
flat, generation of alternative energy would have
to expand 60% a year. That’s more than twice the
rate of wind power, the fastest-growing alternative
energy. And all this incremental energy would
somehow have to be delivered to transportation
(which consumes most of the oil produced each
year) just to stay even with the growth in demand.’
Added to the equation is the political situation.
Of great importance longer term is the future of
the Energy Bill in Washington. As of this writing
it appears that the so called ‘splash and dash’
will be eliminated after vociferous protests from
Europe. However, of more import is the provision
that methyl ester produced in the US has to be
consumed domestically to be eligible for the $1.00
a gallon blending credit. During the month of April
about 80,000 tons of methyl ester was exported
from the US to Europe. That was over 60% of US
production for that month. It is likely that a similar
amount was exported in May. If this source of
demand evaporates it will be a blow to the US
bio diesel industry. The current mandate is for
450 million gallons of use by 2008. Currently the
Senate has not included an extended bio diesel
mandate. However, this is likely to be changed
prior to final passage.
To sum up in 04/05 total consumption of major
vegetable oils grew by 6.6MMT and by 8.4 MMT
in 05/06. This season we are working with a
projected increase of 3.4 MMT. Assuming we are
to reach the USDA projected ending stocks of 8.32
MMT this means a total demand increase of about
4.58. High prices will have to ration edible demand
and bio diesel margins will have to be squeezed
in order to achieve this ending stock. Whether
prices have already been achieved, this rationing
is debatable.

Looking at 2007/08
For the coming crop year USDA projects world palm
production at 39 MMT. This could well be low given
the bounce back in yields and new production
coming on stream. Still it represents an increase
of 2.17 MMT. Their increase in soyoil production is
1.66MMT.
For the four seed oils their increase is basically
flat with the exception of canola oil up 1.08. So a
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total increase in production of 4.9 MMT. By way of
comparison Informa estimates that the increase
in production of world major oil exporters will be
up 5.1 MMT. While this does not include cotton
and groundnut the production of these two oils is
essentially unchanged. (US soyoil, Brazil soyoil,
Arg soyoil, EU soyoil, Mal and Indo palm, Arg, EU
and US and Ukr sunoil, Can and EU canola oil)
Bio diesel capacity is projected to increase
8.0 MMT in calendar 2008. The USDA projection
for world ending stocks of all vegetable oils is
projected at 7.8MMT.

US: The Residual Supplier
We focus on the US at it represents the residual
supplier. The current situation is that US soybean

oil stocks are at a record at the same time that
soybean oil futures have reached their highest
level since 1984.
In the coming year US soybean stocks are
projected to fall by over 50 percent and there is
growing concern regarding S. America’s ability to
increase planted area in 2008 enough to offset
the drop of eight million acres in the US during
2007 and the increase in projected demand. The
fear is that Brazilian soybean acreage gains in ’08
will by limited by the strong Real and inadequate
infrastructure.
The table below shows that even with an
increase next year of three and one half million
acres in the US and a yield of 42 bu acre stocks
will fall to 145 million bushels or 5.0% on stocks
to use ratio.

US Soybean Supply/Demand

Carry In
Production
Imports
Supply
Crush
Domestic
Exports
Total Use
End Stocks
Stocks/Use

2006/07
USDA

2006/07
CP

2007/08
USDA
610
2,745
4
3,359
1,790
169
1,080
3,039
320

2007/08
CP
June
600
2,658
4
3,262
1,790
169
1075
3,034
228

2008/09
CP
June
228
2,793
4
3,025
1,810
170
900
2,880
145

June

June

June

449
3,188
4
3,642
1,770
182
1,080
3,032
610

449
3,188
4
3,642
1,785
182
1,075
3,042
600

20%

19.7%

11%

7.5%

5.04%

2006/07
USDA

2006/07
CP

2007/08
USDA

2007/08
CP

2008/09
CP

3,019
20,035
30
23,084
16,300
2,400
1,450
20,150
2,934
15%

3,019
20,170
30
23,219
16,300
2,400
1,475
20,175
3,044
15.1%

2,934
20,315
35
23,284
16,200
3,500
1,400
21,100
2,184
10%

3,044
20,227
35
23,306
16,200
3,600
1,300
21,100
2,206
10.5%

2,206
20,453
35
22,694
16,400
4,500
1,000
21,900
794
3.6%

US Soybean Oil Supply/Demand

Stocks
Production
Imports
Supply
Domestic
Bio Diesel
Exports
Total Use
End Stocks
Stocks/Use
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The table uses June 29 acreage estimates for
07/08 and a yield of 42 bu/acre vs. USDA at 41.5.
The table assumes that acreage for 2008/09 will
increase by 3.5 million acres to 67.58 million acres
and achieve a yield of 42 bu/acre on harvested
area of 66.5 million acres.
By our estimate soyoil stocks in the US will fall by
a third in the coming season and to a record low
level on a stocks to use basis by Oct 1 2009.
But as Disraeli stated, ‘there are three kinds of
lies: lies, dammed lies and statistics.’ So we
present the alternate view as espoused by Informa.
Their June survey estimated area planted to
soybeans at 68.9 million acres sharply higher than
the USDA on June 29th at 64.1 million acres. Their
increase had expected a larger shift from cotton
and planting on abandoned wheat acreage. Their
yield is also higher than the USDA at 42.8 bu/acre
and their usage figures are based on ideas that the
S. American competition will limit US exports. Still
even after the USDA June 29 report their ending
stock figure is 404 mln bu. That’s for next year and
stands poles apart from the USDA estimate of 320
mln bu, and our estimate of 228 mln bu.

Conclusion
The major factors that will affect world vegetable
oil prices in the coming months are:
One. North American growing weather. The
difference in an above trend yield and below trend
could mean as much as $2 a bushel in soybean
prices. At the current time it appears that end
stocks of beans in the US per 07/08 will be 228
but there is little room for error. Argentine sales of
seed corn are up are up 40%. India has increased
cereal production as has China. So soybeans are
on a mission to get these acres back. Beyond the
current season the battle for acreage is likely to
continue and intensify. And the competition will
not just come from corn. Brazil can produce one
liter of ethanol for twenty-eight cents from sugar
cane versus about forty-five cents from corn in the
U.S. One hectare (2.47 acres) of sugar cane can
produce 7,080 liters of ethanol in Brazil compared
to about 3,750 liters from corn in the U.S.
Two. Production in palm oil. Will the production
increase as expected over the balance of this
calendar year?

Three. Prices of crude oil, RBOB and their effect on
bio diesel margins.
Four. An exogenous shock to the financial system
which would cause a retreat from commodity
investments by banks, pension funds and other
non commercial entities. Warren Buffett recently
warned on systematic risks from derivatives:
‘I believe that we may not know when it becomes
a super danger or when it will end precisely,
but I believe it will go on and increase until very
unpleasant things happen because of it.
‘You can have the same thing today because you
have fund operators with billions of dollars—in
aggregate, trillions of dollars—who will all respond
to the same stimulus. It’s a crowded trade, but
they don’t know it and it’s not formal. They will sell
for the same reasons. Someday, you will get a very
chaotic situation.
‘As for what could trigger this and when, who
knows? Who had any idea that shooting an
archduke would start World War I?’
Five. Interest rates as measure by the Ten Year
Note have broken a declining downtrend dating
from 1982. This indicates that the pattern for
interest rates will be higher for year to come. A
consequence of this will be higher inflation.
Six. Other random trends such as the inexplicable
near decimation of the world’s bee population
over the last 24 months. Don Coxe from the Bank
of Montreal reports that 33% of the US diet comes
from products that depend on bees for the crucial
pollination of the producing plants. In the U.S.
between 30-90% of the bee populations in various
states have disappeared. This means food costs
could go up dramatically in the U.S. as many
crops (including fruits and alfalfa) that depend on
bee pollination could face significant shortfalls.
Alfalfa is a crucial feed for cattle and dairy cows
and hence the price of meat, poultry and dairy
products should be affected.
My bias is that the Bull Run in commodities in
general and vegetable oil in particular is likely
to continue as inputs as varied as nutrients
and water raise the price of production while
the expansion in developing nations increases
demand. Credit Swiss recently released a study on
water. The world’s population has tripled in the
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last century from 2 billion to close to 6 billion. But
water consumption has increased by a factor of
almost six (from 700 km cubed to just less than
4000). But of more relevance to this audience, the
proportion used by industry was 22%, for human
consumption 8% and the balance, fully 70% is
used by agriculture. It will be a challenge.
Thank you for your time and attention. If you’re
trading these markets be prepared for anything.
As they say on the floor ‘check your price, check
your size, and check your opinions at the door.’
Judgments are of no use until the action of the
market confirms your opinion. Markets are
never wrong.
June 29, El Madronal
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Tallow in the Food Industry
Daniel Jenshel, Marketing and International Sales Manager, Peerless Foods

Tallow has been used in the Food Industry for over
75 years. In the past, Tallow, in its raw format, not
mechanically processed, as we know it today, was
used as a cooking medium and as a preservative
and flavour enhancer.
Today Tallow is under threat in the Food Industry.
This document will report on some of the Key
reasons why Tallow has been targeted and why the
decline in the use of Tallow in the Food Industry,
both locally and internationally is continuing.
To provide some structure to this presentation,
it is important to acknowledge the reality of the
times. The Bad News is that Tallow is under threat
of continued decline however The Good News is
the opportunities that await producers and more
so promoters of Edible Tallow in Australia who can
capitalise on the benefits of tallow.
It is easy to sit back and accept the current
momentum that Tallow will continue to diminish
in its use in Food products. However, I propose
that producers who can create new commercial
opportunities still have a number of exciting and
profitable avenues that can be developed and
captured using Tallow in the Food Industry.
In order to arrive at the Future Opportunities,
it is important and essential that we analyse
the current situation and note the reasons why
Tallow is under threat in the Food Industry and
what factors have determined this fate. I would
categorise these influencers into three main
categories; Commercial, Political and Legislative
and finally Lifestyle.
Within industries using Tallow and in particular
Food manufacturers using Tallow as a raw
ingredient, the decline has been influenced in
the past by the cost of Tallow relative to cheaper
substitutes from abroad. In particular, Palm oil
traditionally has been available at a lower price
that Tallow. Although this has changed in the last

12 months, especially with the increased demand
for Palm by Bio-Diesel suppliers, the Palm Oil price
has actually surpassed that of Tallow, which may
actually push some business back to Tallow as an
ingredient and frying option. However, as we know
commercial decisions by manufacturers are only
effective when the consumers accept the product
offering, this leads us into our next factor, that of
Lifestyle.
Consumer strength and influence over the last
20 years has increased ten folds. Consumers are
now more vocal and companies are listening more
intently to these storms of opinion being created
such that consumers are setting strategy and
policy for food manufacturers when it comes to
ingredients and product offerings.
Diets, exercise and gym memberships are
increasing at extraordinary growth rates.
Magazines promoting lifestyle health programs
stress reduction courses and general well being
are all jumping on the Trans Fat bandwagon. It
appears that Trans Fats are now the scapegoat for
any syndrome that causes bad health or obesity.
True, Trans Fats and also Saturated fats, often from
the inclusion of Edible Tallow in Food are not the
best types of fats the body could be absorbing, as
opposed to Polyunsaturated and Monounsaturated
fats, but it appears that there has been a huge
leap from the discovery of Trans Fats to the total
and unquestionable banning and eradication of
Trans Fats from our diet by consumer, media and
interest groups. There doesn’t seem to have been
ample formal discussion between all interest
groups to find a balance of what has caused the
large increase in childhood Obesity, such that
approximately one in every 3 children in Australia
is considered overweight. It is agreed that Trans
Fats, possibly through Tallow does contribute to
these unhealthy phenomena, but the media frenzy
doesn’t seem to have been as evident or fierce
when issues such as Diet, Exercise, the Internet
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and Parental responsibility are raised as also
possible contributor to our overweight society. Still
the issue of consumer opinion is nevertheless a
contributing factor to the demise of Tallow in the
Food Industry.
In 2003, Demark outlawed all products containing
more than 2% trans fatty acids. In 2005,
McDonalds Fast Food chain settled out of court
with regards to a group of customer suing over
the type of oils being used, claiming that this
contributed to Heart Attack and Disease and
from the 1/1/06 the USFDA ruled that trans levels
of les than 0.5g / 100g can be claimed as Trans
Free! These examples, along with countless other
countries looking at Trans Fats and other food
ingredients that may work against a healthier
lifestyle, have continued the momentum in having
trans fats reduced and outlawed in the Foods that
are being manufacturing and sold. This in turn has
had a direct effect on the volume of Edible Tallow
used in Australia.
The National Heart Foundation has continuously
updated and ruled against the inclusion of Trans
Fats over certain limits, i.e1.0g / 100g. This ruling
has meant that many companies that still wish to
have their products endorsed by the National Heart
Foundation need to find alternate ingredients to
decrease the levels of Trans. Tallow is continuously
being substituted by other ingredients such as
vegetable oils in the form sunflower, canola or
more often Palm Oil.
Furthermore, industry bodies such as FSANZ
– Food Standards Australia and New Zealand
have issued a code of conduct, which although is
voluntary for the Food Industry, indicates that trans
fats should be lowered in Food Manufacturing
and even the labelling of Trans Fats should be
limited on packaging in the form of claims ie 99%
trans free. These types of codes are designed to
allow industry to self regulate before legislation is
require.
It is envisaged that within the next 12-24 months
legislation will occur with regards to both trans fats
maximum content and labelling in Food products
in Australia. In March 2007 a symposium lead by
the Federal Health Minister was held in Sydney
and attending to by over 60 industry interest
groups and manufacturers discussing both health
concerns and industry initiatives to help reverse
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Trans Fats in food products.
These forces, Lifestyle, economic and legislative
have all contributed to the decline of the use of
Tallow in the Food Industry, however in light of
these strong negative factors there still remains a
strong and opportunistic market for Edible Tallow
in Australia and around the World. The following
sections will address the usage of tallow in several
distinct food categories, the applications, growth
outlooks and opportunities for the Australian
Edible Tallow industry.
The following Food related markets continue to use
Edible Tallow:
1) Industrial / Manufacturing – This segment is
categorised by food manufacturers that utilise
tallow in the production of finished, usually
packed goods sold into Retail, Foodservice and
the like. Products such as snack foods, noodles,
bakery (cakes, pastries and biscuits), and frozen
foods (chips, potato based products, fish and
Asian cuisine) are such examples.
It would be fair to say that this area of Tallow
supply has been hit hardest. The main reason is
that the consumer and media backlash has caused
food manufacturers to update nutrition panels,
highlighting fat levels (saturated and trans).
This new information, which is compulsory, has
forced many industrial manufacturers to change
ingredients in order to achieve lower trans and
saturated fat levels on pack information.
Furthermore, the National retailers (Supermarket
Chains) are now also requiring that their private
label and contract pack food offerings both
comply with and are at the forefront of healthy
food choices for their consumers, This has placed
increased pressure on food manufacturers to alter
ingredients and in many instances delete tallow
from ingredients and find alternative fat options.
Recently, McCains Food group changed their
frying compound for many of their frozen chip
range from 100% tallow to a blend of vegetable
oil alternatives. National bakery companies are
looking at reducing tallow intake into products
they wish to label at trans free and snack food
companies, with their continued efforts to infiltrate
the school canteen markets are continuously
reducing the use of tallow in potato chips, cheese
snack and crackers.
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Despite this trend, there are still manufacturers
of food products in Australia that continue to use
tallow, such as chip and french fries producers,
bakery and pie manufacturers as well as fried
frozen food companies ie Chinese and Asian
frozen fried foods. There is still a market for using
tallow at the lower end of the market as a cost
savings mechanism or to improve taste where
other frying mediums will not suffice.
2) Foodservice – This segment will be the most
likely to either contribute to the continued strength
of tallow or lead to the ultimate decline in tallow
within the food industry. The use of Tallow in the
Foodservice market is as old as fish and chips
have been around. Tallow is often characterised
by a deep and rich smell when in use and has the
added benefit of producing deep fried food that is
golden, crisp and odourless.
The main uses are deep fried food such as chips
and seafood, with many fast food and restaurant
outlets also using tallow for basting and roasting
meats, plus as the flavoured margarine bases for
garlic breads.
Although the consumer backlash has initially
targeted retail packaged foods, it is only inevitable
that the foodservice market will come under
scrutiny in the near future. The main advantage
that the Foodservice market has is that typically
there is little or no packaging involved when
visiting a Foodservice establishment. The larger
fast food chains (McDonalds, KFC, Subway etc)
are starting to be more aggressive with regards
to nutritional meals choices, labelling and the
provision of health information, however, the
majority of the 100,000 plus restaurants and
food outlets are no where near complying with
any type of codes, legislation or requirements.
At present, the closest most restaurants come
to providing this type of consumer service is via
information supplied to them by their suppliers ie.
Oil companies providing nutritional information
on different types of fats and oils or the fact that
they have changed from Tallow to vegetable oil for
deep-frying, and feel this is the best that can be
achieved at the foodservice level.
There has definitely been a decline in Tallow
sales to the Foodservice market and an increase
in the supply of vegetable oil alternatives. The
disappointing fact is that with the change, there

has not been a categorical shift to healthier
vegetable oils ie High Oleic or Specialty frying oils,
rather a shift to low end vegetable oils such as
palm based or cheaper blended vegetable oils.
Such that from a total health perspective the move
away from tallow, in my belief, will not dramatically
change obesity levels or heart health on its own.
From a foodservice opportunity point of view, oil
and fat producers are experimenting with blended
fats such that some tallow can still be used in the
mix but when blended with the correct alternative
vegetable fats can still achieve a good performing
frying medium as well as meet health claims,
health concerns and contain as low trans fats as
possible.
For this to occur and a new product set to be
achieved and launched into the Australian market,
there needs to be continued education of the
difference between naturally occurring Trans Fats
versus Trans fats created in the process of partial
Hydrogenation. Most consumer and health groups
will not clarify or highlight the differences, thus
making product like tallow, which has a natural
trans fat value, difficult to sell to consumers. As
an industry, manufacturers and the ARA need
to produce media and consumer information on
tallow and any benefits it provides the community
both economically as well as any potential
health benefits ie what nutrients or natural
occurring additives does tallow have that may be
able to balance the naturally trans it contains.
Furthermore, we must remember that for hundreds
if not thousands of year’s meat off the bone, ie
tallow has been consumed and not linked to any
major health conditions.
This segment has its challenges and there is still
opportunity for those that target market segments
and develop PR campaigns similar to the Meat and
Live stock industry.
3) Bakery – Until recently Bakery fats (tallow
based) were dominated by Tallow in most fats
and oils used in the bakery process. This included
pastry, cake and shortening margarines and
solidified fats. Tallow has always produced the
best performing fats for bakery use and technically
has been superior in regards to product texture,
taste and shelf life.
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The bakery market is unique in that it is
predominantly a market where products are
displayed and sold in their natural form, with
no packaging or product information. Although
the spotlight is on this market now in regards to
providing nutritional information and ingredients,
the majority of this industry does not comply.
The bakery market still provides an avenue
for tallow to be sold as ingredients into the
manufacturer of pies, pastry, cakes and biscuits.
This window is open only for a limited time with
the pressure to reduce the trans levels in bakery
products also evident. It seems strange that the
focus on trans fats lies within the fat components
of bakery goods, considering that many of the
additives and dressing that are used in bakery ie
creams, meats and fillings contain more trans fatty
acids that the fat component.
I believe that there will continue to be two distinct
markets for fats in the Australian bakery market.
One market that focuses on the continued use of
tallow and the other a growing call and demand for
virtually trans free fats using a vegetable fat base.
With the increasing price of palm oil compared to
tallow it will be an interesting space to watch to
see if bakery businesses are willing to increase the
raw material costs of their products in the efforts
to satisfying the consumer demand for trans
free product, with the consumer also not willing
to always pay more for trans free product. The
question is would consumers pay more for a trans
free Pie? Finally the bakery industry has always
been seen as an indulgent / impulse market where
health has never really been the focus. A point still
to be determined will be if consumers really want a
trans fat free pie!
4) Export – The international market for tallow
based products still remains the saving grace
for the tallow industry in Australia. In many key
markets throughout Asia tallow still remains a
proven and acceptable ingredients for many food
manufacturing processes and food preparation
dishes.
Tallow provides a consistent supply of good
performing fats and most importantly at a cost that
makes economic sense. As palm oil prices sore
to record figures, tallow remains a competitive
substitute to palm and dairy products in the
following industries:
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a) Bakery – The majority of bakery products in
china and Hong Kong use tallow-based fat. This
includes breads, cakes, pastries and biscuits.
Although vegetable oils and butter are still
used, tallow-based fats often provide a handy
alternative when supply is low of dairy products
or when price fluctuations occur. Many Asian
cultures like a strong smell and flavour in their
bakery goods which often only tallow based
ingredients can deliver.
Although the trans fat debate is building
momentum in some overseas markets such as
Singapore, Thailand and Hong Kong, this will
have to be balanced with efficiencies and cost
of manufacturer when considering substituting
Tallow in bakery products. Asia consumers may
not be as willing to pay higher prices for healthy
products as many western countries are.
b) Confectionery - Tallow is also used in the
manufacture of confectionery products such
as chocolate coatings and cream fillings.
Tallow often is a better carrier of flavour and
also provides the right melting points for
confectionery manufacturing process. The
confectionery market has been a lucrative
one for Australian tallow based ingredients
such as shortening and butter oil substitutes,
but as many western based confectionery
manufacturers set up factories in China to
re-export back to their respective countries
ie USA and Europe, the demand for trans free
ingredients is quickly becoming compulsory.
Still for the millions of local confectionery
companies tallow remains a strong and
competitive ingredient.
c) Ice Cream – Tallow based ingredients such
as soft butter oil substitutes are used in the
manufacture of Ice Cream in markets such
as Papua New Guinea, Fiji, and some Asian
markets. The tallow provides a creaming agent
and fat base for these products and is often
both economically and technically superior to
dairy and vegetable ingredients.
As more and more local Ice Cream companies
are purchased by global Ice Cream producers i.e
Unilver, the pressure to standardise ingredients
and also comply with western health standards
has meant that the decline in tallow based
ingredients into the Ice Cream market is
occurring rapidly.
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d) Coffee Roasting - Many people are not aware
that tallow based soft butter oil substitute is
used as an ingredients in roasting coffee beans.
This practice is most common in Vietnam,
Cambodia, Sri Lanka, China and PNG. The
butter oil substitute often replaces ordinary
oils or butter as it provides both an adequate
roasting base as it has a very high melting
point as well as being a flavour carrier. This is
important these days as many coffees carry
a unique flavour. Most importantly it is more
economic compared to butter and now
palm oils.
e) Dairy / Coco Replacer - Tallow has also been
develop as a replacer to dairy products such
as Anhydrous milk fat, butter oil and also as
a coco butter replacer. When flavoured and
engineered with the right melting profiles tallow
fats are stable and financially desirable for food
producer around the world, especially when
world dairy prices fluctuate so often and the
supply is often a problem.
Non Food Uses of Tallow
Although this presentation focuses on Tallow in
the food industry it is wise to also refer to some
of the new and novel uses of Tallow also being
investigated to maintain tallow sales volumes and
usages and these include:
• Paper Industry – Tallow is being investigated as
a use in the paper waxing industry. Companies
that produce lamination and coating of paper
are trailing a spray system using tallow to coat
papers for industrial and commercial usages.
If these trials work it will create a huge parallel
industry for tallow in Australia and off shore.

Although there seems to still be ample opportunity
for tallow producers and marketeers there are
several risk factors that need to be acknowledged
and these include:
• Pricing – As long as tallow prices remain
competitive to palm and butter, there will
remain a tallow niche.
• Trans Fat – The interest in general health and
well being plus the link between trans fats and
bad health will continue to spread through
the world and will only seise once another
syndrome is identified with potentially bigger
health impacts than trans fats.
• Alternate Tallow supply – There is a growing
tallow supply base of ingredients into the food
industry coming out Taiwan, China & Korea.
Although the perceived quality of Australian
tallow is still high, the quality of Asian tallow is
getting better and more competitive.
• Halal – The growth of Muslim populations and
the continued export into Muslim countries
will continue to pressure manufacturers not to
include non-halal tallow into food products.
Tallow has and will continue to be an important
element in its use within the food industry in
Australia and internationally. The focus will be on
promoting the benefits of tallow as an industry and
defining its role going forward with interest groups,
government authorities and most importantly
consumers in the future in a collective effort to
reinforce the theme that tallow is a natural source.

• Bio Diesel – Although the majority of Bio Diesel
industries are using vegetable sources, tallow
is continuously being used and tested as a
consistent and reliable source for this fuel
alternative.
• Lubricants – Both food and industrial
manufacturing companies are continuously
looking for cheap sources of lubricants. Several
leading manufactures are engaged in trails
using tallow-based sprays to lubricate and act
as pan release agents.
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BEC FeedSolutions Pty Ltd
Commodity Traders in all aspects of the Stock Feed Industry
SPECIALISING IN:
Animal Protein Meals:
• Meat & Bone Mea l– (Bulk or Bags)
• Blood Meal – (Ring Dried or Batch)
• Tallow – (Prime or Feed Grade)
• Poultry Meal
• Feather Meal
• Fish Meal – (All Types)

Vegetable Proteins, Grains and Milk Powders
Premix Manufacturers for:
• Feedlots
• Dairies
• Pigs
• Poultry
• Custom Blends

For more information and contacts, visit us on our website
PROUDLY AUSTRALIAN OWNED AND OPERATED

Leave Nothing to Chance
PO Box 475, Goodna QLD 4300
50 Antimony Street,
Carole Park QLD 4300

Telephone: 07 3723 9800
Facsimile: 07 3879 3894
Email:
info@becfeedsolutions.com.au
Website: www.becfeedsolutions.com.au
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Biogas production from gut contents and
low value offal
Torsten Fischer, Katharina Backes, Krieg & Fischer Ingenieure GmbH, Germany

Abstract
Biogas is a regenerative energy source produced
from organic material under anaerobic conditions.
A biogas plant is a valuable addition to a
slaughterhouse because it solves the problem of
the disposal of slaughterhouse by-products like
gut contents, low value offal and other material.
These materials have a worthwhile biogas yield
as one cubic meter of typical waste from the
slaughterhouse could substitute about 80 litres of
mineral oil. Currently there are no known biogas
plants that exclusively digest slaughterhouse
waste on a large scale. However, there is no
biological or technical impediment against the
development of such a plant.

Introduction
Other than a short increase in activity just after
World War II, the first biogas plants for the
digestion of animal manure were constructed in
Europe in the mid-1980s. Denmark with its big
farms focused on centralised large biogas plants;
whereas in West Germany mainly independent
farm-scale biogas plants were constructed. In
the 1980s the circumstances were very difficult
with no funding and no external payment for the
energy produced. As a result, only a few dozen
plants were established. From this slow start in
the 1980s, the biogas business gradually began to
grow. In the 1990s the implementation of two very
important regulations in Germany favoured the
economic and technical development of renewable
energy in general and biogas plants in particular.
In the past 20 years German engineers have
gained a great deal of experience in the planning
and construction of biogas facilities. Currently
(2006) there are approximately 3,500 biogas
plants in Germany producing more than 5 million
MWh of electricity (Fachverband Biogas e.V.).
This represents about 0.9% of the total electricity

demand in Germany. In total about 11.8% of
electricity was provided by renewable energy
sources in 2006 (BMU 2007).
Krieg & Fischer Ingenieure GmbH was founded in
1999 by Andreas Krieg and Torsten Fischer as an
engineering office with long experience in biogas
plant engineering and construction. Due to the fact
that A. Krieg and T. Fischer used to work for several
companies in the field of biogas production before
they founded Krieg & Fischer, the company can
draw upon more than 20 years of experience.
During this period, they have generated about 120
references. Their experience covers mesophilic,
thermophilic, one- and two-stage, wet and
dry fermentation biogas plants, agricultural,
municipal and industrial applications. The digester
volume ranges from 50 m³ to 12,500 m³, and the
cogeneration units ranges from 27 kW to 8.4 MW
electrical power. Krieg & Fischer biogas plants
process a wide range of input substrates including
all kinds of manure, kitchen waste, organic sludges
from industry, fats, potato pulp, brewery waste
and vine residues, domestic and commercial biowaste from source separated collections, energy
crops like maize silage, grass silage, etc. Most
of the plants are located in Germany but there
are references in Japan, Canada, USA, Austria,
Switzerland, Lithuania, Slovakia, USA, Italy,
Ireland, Spain and in the Netherlands.

Description of a biogas plant
Biogas is produced through the anaerobic
digestion of organic matter. During this process,
organic components are broken down in several
steps by micro-organisms with methane being
one of the final products. The input material
can come from agricultural waste, commercial
waste or specially grown energy crops such as
maize or corn. Biogas is mainly composed of
methane and carbon dioxide. It can be used for
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Fig. 1:	General layout of a biogas plant.

energy production (electricity and heat), as fuel
for transportation (vehicle fuel), for cooking and
heating like any other usage of natural gas. It
is also possible to operate a steam generator
from biogas. The heat energy is used to heat the
digester, the buildings, for hot water supply and
for pasteurization as necessary.
In summary, a biogas plant consists of the
following components: a reception tank, a
digester, a gas holder, a gas engine, pipe work,
mixers, and a storage tank (Fig. 1).
The delivered substrates are buffered in a
reception tank to assure a continuous supply of
substrate into the digester. From the reception
tank the substrates are transferred to the digester,
the most important component of a biogas
plant. In the case of slaughterhouse waste,
pasteurization may be necessary depending
on what type of waste is being processed. The
digester is a sealed tank made of concrete or steel.
There are three possible types of digesters:
The horizontal ‘plug-flow’ digester is often used
in small or medium-sized biogas plants. They are
made of steel or concrete and have a volume up
to 2.000 m³. This type of tank is well-suited for
treatment of dung and poultry manure as there are
very good mixing conditions even for solids. Grit
removal is easy to accomplish.
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The more common types of digesters include the
upright standard agriculture digester and the
upright large scale digester:
The standard digester in German biogas industry is
the upright, cast in place concrete digester where
the diameter is typically greater than the height
(Fig. 2). The standard size of these units is between
1,000 and 2,000 m³. The height is often 6 m with
a diameter between 10 and 20 m. The tanks are
equipped with a heating system which circulates
hot water through tubes inside the tank. The mixer
is either completely submerged or equipped with a
motor located outside the tank as shown in Figure
2. Larger diameter tanks are equipped with two or
more mixers. Proper insulation is achieved with a
layer of mineral wool held in place by an external
envelope of aluminium cladding.
The top of the digester is fitted with a single or
double membrane gas holder roof. The inner
membrane of a double membrane gas holder roof
provides the gas holding buffer while the outer
membrane provides weather protection. The inner
membrane is flexible in height to allow variable
gas outputs, while the outer membrane is always
inflated into a dome. This is achieved with a
blower that maintains a constant slight positive air
pressure in the space between the two membranes
in a manner similar to that used to support air
structures. This type of tank is well-suited for
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Fig. 2: Standard digester of biogas plants used in agriculture (Volume up to 2,000 m³).

Fig. 3:	Upright large digester of biogas plants for industrial use (volume up to 5,000 m³).

every kind of input substrate as long as the flow
rate is low enough. The hydraulic retention time is
typically between 30 and 80 days depending on
the input substrate type.
For large quantities of input substrate, large
upright digesters are most commonly employed.
In most cases the tanks are made of glass-coated
prefabricated steel plates, or less commonly
concrete is used. The standard size is between
1,000 and 5,000 m³. The diameter height ration
is normally 1:1. The height is often between 15

and 20 m; the diameter varies between 10 and
18 m. Mixing is achieved using a mixer centrally
located on the roof, which is in continuous
operation (Fig. 3). The substrate is heated by an
external heat exchanger. The hydraulic retention
time is generally 20 days for pure manure with
longer retention times applied to most other
kinds of input substrate. The digester temperature
can be either mesophilic or thermophilic. Large
centralized digestion plants often have two or
more such tanks.
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In order to increase the degradation rate, a
secondary digester is often connected to the main
digester in series. This can apply to all digester
types. The secondary digester is usually made of
concrete and has two submerged mixers. Biogas
is produced in both digesters and is collected in a
gas holder which can be located on top of the main
digester or on top of the second digester or both.
Other than a methane content of 50 to 75%, biogas
is also characterised by a moderate concentration
of carbon dioxide (25 to 50%). Other gases that
arise include hydrogen sulphide, molecular
nitrogen, water vapour and oxygen (in total less
than 2%). Depending mainly on the amount of
proteins in the input substrate, hydrogen sulphide
occurs in various concentrations. As hydrogen
sulphide is a primary cause of corrosion in the
gas engine, desulphurization is recommended.
This is typically achieved by pumping small
amounts of air into the gas holder. The oxygen
in the air reacts with hydrogen sulphide in the
biogas via a microbiological pathway resulting in
the generation of benign particulate elementary
sulphur that is retained in the digester. Prior to
combustion of the biogas in the engine, the biogas
must also be cooled to reduce its moisture content
through condensation.
The engine produces both electrical and heat
energy. The generated electrical power can be used
locally or fed into the electricity grid. The heat can
also be used locally in the slaughterhouse or other
facilities. There are also gas engines available
which produce steam that can be used directly in
the slaughterhouse. Usually the minimum size for
these engines is 1 MWelectric.
It is also possible to feed biogas to the natural
gas grid if sufficiently purification of the gas
can be achieved i.e. removal of carbon dioxide,
water, hydrogen sulphide and others. Once this
is achieved the cleaned biogas has the same
fundamental characteristics of natural gas.
During the fermentation process, all nutrients
are effectively conserved. The main losses are
attributable to carbon metabolism to methane and
carbon dioxide. This can result in a wet volume
reduction of between 5 and 30%. In addition, the
resultant digestate has a lower solid content and
is consequently less viscous than the original
material.
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The digested substrate that consists of highly
degraded organic material is collected in a storage
tank. In Western Europe, a storage capacity of 6
months is usually obligatory to preclude nitrate
contamination of groundwater during winter
spreading. However during the growing season,
field spreading of digestate is beneficial due to
the high content of mineralised nutrient elements
like nitrogen, phosphorus, potassium and trace
elements. The digestate can be spread on land
with common agricultural equipment used for
manure spreading. The advantages of digestate
use in agriculture include the reduction of organic
matter during fermentation, high availability
of nutrients and the increase in soil humus
attributable to the remaining persistent fibres in
the digestate. In contrast to the use of raw manure,
digestate is considerable less malodorous, more
homogeneous and consequently easier to spread.
Specifically, nutrient recycling is assured with
the consequential potential to displace mineral
fertilizers.

Slaughterhouse substrate
Most organic material with an adequate water
content can be fermented in a biogas plant. The
exceptions are persistent materials such as lignin,
chitin or keratin. The most common substrates
for biogas plants are pig and cattle manure.
In Germany most farm scale biogas plants use
manure and silage derived from maize and corn
or grass. To increase the energy yield co-ferments
are added. Typical co-ferments include kitchen
waste, market waste, waste fats, fats from grease
traps, spice residues, residues from food industry
and many similar substances. The operator of the
co-fermentation biogas plant increases his income
in two ways: firstly though the potential revenues
derived from tip fees for the co-ferments and
secondly through higher biogas production.
Slaughterhouses generate a wide range of organic
residues that vary in their suitability for use as
inputs to a biogas plant. Some products such
as brain, eyes or spinal cords or carcasses from
infected animals are categorised as high risk
material. This material must be treated separately.
According to European law (EU-regulation 1774
of the year 2002), this material is defined as
category 1 material that has a high probability of
being infected with BSE prions or other pathogens
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Fig. 4: Biogas yields of different substrates (Arbi-Probag 1993, Baserga 2000, Eder and Schulze 2006,
	Krieg 1993)



M#JPHBTLHWPMBUJMFTPMJET







MPXWBMVF
PGGBMHVUT

CMPPE

HVU
DPOUFOUT

and can only be disposed of through controlled
incineration. Category 2 includes materials such
as floatation sludge, fats from grease traps and
also manure and gut contents. This material can be
used in a biogas plant. This material must however
be initially autoclaved at a particle size < 50 mm
with temperatures more than 133° C and pressures
> 3 bar for a period of more than 20 minutes.
The principal exception to this requirement is
manure and gut contents. European competent
authorities have been allowed to permit the use of
manure and gut contents in biogas plants without
autoclaving or pasteurization.
Category 3 materials comprise parts of slaughtered
animals which are fit for human consumption,
domestic and commercial catering waste in
addition to hides and skins, hooves and horns,
pig bristles, feathers and blood. Under the 1774
regulation, category 3 materials must be reduced
in size to less than 12 mm and must then be
pasteurized at a temperature > 70° C for > one hour.
The outputs from this process are suitable for
processing in a biogas plant.
Clearly, material such as bones, bristles, feathers
or hooves are only poorly degradable in a digester
if at all. In contrast, other ‘soft’ slaughterhouse
products like gut contents and low value offal are
readily degradable in a digester and can generate
a high biogas yield.
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As to be seen in figure 4 cow manure delivers a
relatively low yield of biogas of about 300 m³ per
tonne of volatile solids. The biogas yield of pig
manure and gut contents is somewhat higher. The
highest biogas yield is achieved by all kinds of fat
(Schulze and Eder 2006). The use of gut contents,
guts, blood and fats as a substrate mixture was
investigated in laboratory experiments (Wellinger
et al. 1998). This showed that these substrates
are readily fermentable. In batch experiments, a
very good yield of 710 litres biogas kg-1 volatile
solids was recorded. The methane content was
420 litres CH4 kg-1 volatile solids. A cubic meter
of these mixed substrates was found to generate
approximately 80 m³ of methane, which is
equivalent to 80 litres of mineral oil. In this study,
Wellinger et al. (1998) listed the following basic
conditions for the fermentation of slaughterhouse
substrates:
Organic loading rate

≤ 3.2 kg VS m-3 d-1

Retention time

≥ 15 days

Ammonium concentration ≤ 3.0 kg m-3
Methane concentration

approx. 65%

The organic loading rate of a biogas plant is
defined as the daily input of substrate (volatile
solids) per digester volume. If the organic loading
rate is too high, there is a great risk of a process
breakdown due to overloading. The retention time
is also an important variable and this gives a mean
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value for the duration that a particle stays in the
digester prior to discharge. Ammonia toxicity is
also a factor to be considered. Ammonium is a
degradation product of proteins and dissociates
to unionised ammonia which is toxic in higher
concentrations. If the ammonia concentration is
too high, substrates with a higher C/N ratio (lower
nitrogen content) should be added to dilute the
concentration. The methane concentration in the
biogas depends on the characteristics of the input
materials and the fermentation quality.
A mono-fermentation of gut contents and low value
offal is possible. Other substrates may be added
to increase the yield of the biogas plant. This
could be manure, but other waste products from
the slaughterhouse like fats, blood or floatation
sludge from waste water can also be added.
Currently there are no biogas plants exclusively
digesting slaughterhouse waste. Slaughterhouse
waste and similar substrates are however currently
used as co-ferments together with manure at
a number of facilities. Specifically, there is no
fundamental biological or technical impediment
against mono-fermentation in principle. Substrates
should be trialled in a continuous laboratory
test in advance to determine digestibility, biogas
production and to identify whether the substrate
causes an inhibition of the biological process.

Examples of two different biogas
plants using substrates similar to
slaughterhouse waste
In the absence of biogas plants that exclusively
process slaughterhouse waste, two biogas
plants developed by Krieg and Fischer that use
slaughterhouse products as co-ferments or
substrates similar to slaughterhouse waste are
described.
The im Brahm biogas plant is located in Essen, a
densely populated area in the West of Germany.
It is a medium size biogas plant with an electric
capacity of 380 kW. The digester is an upright
standard digester constructed from concrete with
side mounted mixers. The digester, on the right
(Fig. 5) is followed by a second digester (left)
and two storage tanks. The input substrates are
manure, kitchen waste and fats from grease traps.
The kitchen waste and the fats are treated in a
pasteurization tank in the reception hall.
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Fig. 5: The Im Brahm Biogas plant

The second biogas plant is Werlte located near
Hamburg. This biogas plant is an industrial size
facility with an electrical capacity of 2.6 MW (Fig 6).
The two digesters are upright large steel digesters.
The digesters are followed by two second digesters
and two storage tanks. Two pasteurization tanks
are in alternate use to pasteurize the input
substrates which include manure, fats and
residues from rendering plants.
A comparison of both biogas plants is shown in
Tab. 1.

Fig. 6: Biogas plant Werlte as a big centralized
biogas plant
reception tanks for manure (left)
and fats and other product (right)
secondary digesters
with gas holders

digester 1 + 2

gas engines

storage tanks

pasteurization
tanks
reception hall
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Table 1. Comparison of two biogas plants
Biogas plant IM BRAHM

Biogas plant WERLTE

Location

Essen, Germany
150 m distance to a residential area and
adjacent to a water protection area (WSG II)

Werlte, Germany
in a water protection area (WSG III)

Construction period

2005

2002/2003

Planned input

6,250 t/a

110,000 t/a

Input material

manure (2,555 t/a)
horse dung (2,750 t/a)
kitchen waste, fats (8,395 t/a)
total: 13,700 t/a

manure (41,000 t/a)
cosubstrates (33,000 t/a)
as: fats, kitchen waste, gastrointestinal-tracts
and content and blood
total: 74,000 t/a

Co-Generator

gas engine (2 x 190 kW)
containerized

gas engine (2 x 1,262 kW)
containerized

Heat usage

pasteurization, farm buildings

pasteurization

Temperature

mesophilic

mesophilic

Digester
heating
mixing
operation

1 concrete tank (1,205 m³) internal pipe
heating system
side mounted agitator unit
(2 x 11 kW)
2-stage digestion

2 steel tanks (2 x 3,200 m³)
external heat exchanger
top-mounted mixer
(2 x 11 kW)
1-stage digestion

Investment

Euro 1 Million

Euro 6 Million

Delivery

reception hall with biofilter

reception hall with biofilter

Pre-treatment

grinding and full stream pasteurization
(70° C, 1 h)

grinding and full stream pasteurization
(70° C, 1 h)

Solid input device

for horse dung

-

receipts

50 Euro/t (average)

5 Euro/t

Necessary expert‘s reports

odor emissions
noise

odor emissions
noise

Summary

Literature:

Slaughterhouse waste can be readily digested in a
biogas plant as a co-ferment. In the case of monofermentation, specific substrates should be tested
in continuous laboratory trials in advance. In
summary, a biogas plant is an efficient solution for
the processing of slaughterhouse waste given the
hygienic degradation of the waste in the digester.
Moreover, compared with other disposal methods
like burning or composting, biogas has the added
benefit of generating excess energy from the
process.
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CRAIG MOSTYN GROUP
ABN : 52 000 047 745

SINCE 1923
www.craigmostyn.com.au

CRAIG MOSTYN is a proud member and supporter of the Australian Renderers Association Inc.
CRAIG MOSTYN is a team of professional people engaged in the Australian Rendering industry
and is actively involved in the association. We are proud to have been sponsors at the 8th
International Symposium on World Rendering entitled “Rendering – a flexible resource” held at
the Cairns International Hotel, Cairns, Queensland, Australia during 18-20 July 2007.
CRAIG MOSTYN is actively and heavily involved in the Australian rendering industry and allied
trades through various businesses and activities including:
• TALLOMAN – based in Western Australia with a rendering plant that processes beef, sheep,
pork, poultry & fish for the production of various rendered products listed below.
• FATAWAY – also based in Western Australia with a used cooking oil collection and processing
facility.
CRAIG MOSTYN has a dedicated team for sales and marketing of various rendered products
including for import, export and domestic transactions of the following:
Meat and Bone Meal, Ovine Meat and Bone Meal, Bone Meal, Poultry meal, Hydrolised
Feathermeal, Bloodmeal, Fishmeal, Chicken Mix, Tallows of many grades, Poultry Oil, Fish Oil,
Used Cooking Oils and Yellow Grease.
For Australian import and domestic sales (fishmeal) please contact:
Wendy Laycock

on Telephone: + 61 (03) 9695 4116, Facsimile: + 61 (03) 9699 5283,
Mobile: 0417 272 8857 or email: wlaycock@craigmostyn.com.au

For Australian export sales (all products) please contact:
on Telephone: + 61 (03) 9695 4103, Facsimile: + 61 (03) 9699 5283,
Stephen Cooke
Mobile: 0419 348 492 or email: scooke@craigmostyn.com.au
Sudesh Serasinghe

on Telephone: + 61 (03) 9695 4114, Facsimile: + 61 (03) 9699 5283,
Mobile: 0407 314 214 or email: sserasinghe@craigmostyn.com.au

For Rendering please contact:
on Telephone: + 61 (08) 9374 9615, Facsimile: + 61 (08) 9274 3637,
Andrew (Andy) Bennett
Mobile: 0417 966 272 or email: abennett@craigmostyn.com.au
For Used Cooking Oils & & Yellow Grease Collection please contact:		
Mark Dacheff
on Telephone; + 61 (08) 9274 766, Facsimile: + 61 (08) 9274 0477
Mobile: 0419 959 313 or email: mdacheff@craigmostyn.com.au
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Energy from rendered products
David J. Kaluzny, II, Chairman NRA

Tallow as an Energy Source
Tallow has two primary uses as an energy source
outside of feed energy. The first is as a feedstock
for the manufacture of biodiesel. The second is as
a direct or blended fuel for combustion in a boiler
or furnace.
Allow me to point out here that I am using the
term ‘tallow’ generically to refer to all rendered fats
and oils.

Biodiesel
As feedstocks for biodiesel rendered fats and oils
offer the primary advantage of price. Generally
they are priced below soy, canola, and palm oils
which are the three most widely used feedstocks
for the making of biodiesel in the world today.
Obviously the higher grade fats like tallow (either
edible or inedible), white grease and lard, are
easier to work with in biodiesel production
primarily due to their low FFA’s relative to other
rendered fats and oils.
Depending upon the technology used, free fatty
acids can be either a simple direct loss to yield
if stripped out up front prior to processing or a
nuisance for removal when they form soaps in
the biodiesel manufacturing process. On the
other hand they can be pre-treated to allow
for processing into biodiesel without a loss to
yield. However, that adds expense on the capital
investment side as well as the operating cost side
of a biodiesel facility.
Despite the loss to yield or the cost of pretreatment, tallow is a highly desirable feedstock
for biodiesel production. If you pipe the biodiesel
plant like a rendering plant its no problem. Cost is
the primary reason. Every penny of differential in
cost to soy, canola, or palm translates to 8 cents
less per gallon of biodiesel.

If you take the historic spread between the costs
of inedible tallow and soybean oil that translates
to a differential of 48 to 64 cents per gallon of
biodiesel. Just add another 8 cents per gallon to
those numbers for the historic differential with
white grease. Then you can add 24 to 40 cents
more for using yellow grease. Before you know
it your differential is over $1.00 per gallon for
feedstock. Bottom line; he who has the lowest cost
feedstock wins more often.
If I didn’t believe in that I wouldn’t be in the last
three months of building a 60 million gallon
per year biodiesel plant back in Illinois that is
designed to and will run on rendered fats and oils.
That’s 227 million liters for the metric folks. That
will consume 480,000,000 pounds of fat per year.
But rather than concentrate my comments on the
biodiesel aspects of tallow as a fuel I would like to
move on to the facets of burning rendered fats and
oils directly in either a boiler or furnace.

Tallow as a Boiler Fuel
I would like now to review the burning of rendered
fats and oils as a boiler fuel. In our location we
have been doing this on and off for the past
6 years as the economics dictate. In 2006 we
burned rendered product for over half of the year.
More recently the rapid rise in the overall fats
and oils market coupled with a drop in natural
gas prices has seen us moving back to burning
natural gas on a full time basis. However, as a
standard practice we evaluate the cost of all fuels
on a weekly basis to determine which fuel we will
use in the coming week.
Later I will cover the spreadsheet we use to
compare all fuels on a Btu basis.
As natural gas was our primary fuel for many years,
we monitor the natural gas market daily as well.
We use a broker for purchases and storage. There
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we generally keep a minimum one month supply
of natural gas on hand. We are generally in that
market daily just like we’re in the fats and oils
market daily.
In moving into the burning of fats and oils there
was a lot to learn in terms of nuances of burning
rendered product versus a petroleum product as
we did many years prior when we burned #2 fuel
oil.
For starters burning rendered product is a lot like
burning #6 fuel oil in that the product must be kept
heated and injected into the firetube using steam
for vaporization. We maintain our fuel storage of
rendered product at 170 degrees Fahrenheit or 77
degrees Celsius.
Before entering the boiler we raise the temperature
of the fat to 190 degrees F. or 88 degrees C.
Depending upon the length of the firetube you
will want to vary the pressure you feed both the
rendered product and the steam to the boiler. On a
shorter fire tube we feed the grease at 25 to 30 psi
and the steam to vaporize it at 30 to 33 psi. On a
longer fire tube we feed grease at 30 to 40 psi and
the steam at 35 to 39 psi. One would have to fine
tune those pressures for one’s own boilers.
While we are on the subject of the injection into
the boiler it is prudent to point out that stainless
steel is the only way to go in this area. The higher
the FFA of the material the quicker it eats away
at the parts. With trial and error we now have
stainless pumps, pre-heaters, nozzles and guns.
As all of these pieces of equipment are the same
as those used for burning #6 fuel oil, your boiler
company may advise against stainless. However,
they will not be familiar with just how corrosive this
fat can be compared to petroleum products.
Obviously if all you burned was edible tallow or
lard it may not be an issue. However, even inedible
tallow and white grease at a specification of less
than 4%
FFA will have a corrosive effect over time. That
says nothing about burning a yellow grease with a
specification of less than 15 % FFA. The investment
in stainless is worth it in the long run.
Since we were always looking for the least cost
alternative for energy we began to investigate
the burning of various blends of fats and oils.
Generally speaking, the higher the FFA the lower
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the cost of the rendered fat or oil. Suprisingly, the
grade of the fat does not really affect the Btu value.
Tallow, a more saturated fat, has virtually the same
Btu value of yellow grease. That is due somewhat
to the degree of hydrogenation of cooking oils
that make up yellow grease. It is also due to the
fact that as the fatty acids break from the glycerin,
they are breaking away from the portion of the
triglyceride that has a somewhat lower Btu value.
Since we did not loose Btu value as we went to
higher FFA products we began to blend brown
grease into our yellow greases. Once we went
beyond 15% FFA the sky seemed the limit. We
eventually went to 25% FFA then 35% FFA and
all the way as high as 45% FFA. Here is where it
really pays to have stainless steel equipment. We
ultimately settled on the 45% FFA number and
blended to that.
Burning anything beyond an inedible tallow or
white grease requires changes to boiler cleanout
procedures. The higher the FFA the more ash there
is left in the boiler. This can be for two reasons.
The first is impurities in the fats and oils or the ‘I’
of MIU. At the very start of burning rendered fats
and oils we realized that rendered product with
essentially a feed specification was not clean
enough to burn in the boilers. Consequently we
filtered all fuel loads down to a 5 micron filter even
if the product was previously centrifuged.
However, as we moved to using higher FFA
product we saw the ash begin to build in the
boiler again. To avoid a loss in boiler efficiency we
had to revert to cleaning the boiler ash out every
two weeks. We finally attributed the increased
ash to the dissolved impurities in the moisture
(the ‘M’ of MIU) in the product. This happened
despite the fact that the moisture of the blended
fuel was never outside the range of 0.5 to 0.7
percent moisture. However when you consider the
thousands of gallons of the product being burned
one can readily see this is the case.
Remember that tallow and white grease have a
moisture, impurities and unsaponifiables (MIU)
specification of only 1%. Yellow grease on the
other hand has a MIU specification of 2% and
brown grease is allowed 4%. In looking at our
typical tallow shipment the moisture is never over
0.2% moisture. However, as I mentioned the actual
moisture in the blended fuel mixture was between
0.5% and 0.7%. As expected the additional
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moisture came primarily from the brown grease
in the blend. Furthermore, given the origins of
the brown grease it was not surprising to find the
dissolved material in that moisture.
Analysis of the ash left behind in the boiler reveals
that it was 40% calcium based, 14% iron based,
10% sulfur based, and 8% phosphorus based.
Given the hardness of the water in our region this
too is not surprising.
To reduce the frequency of boiler cleanings we
implemented a weekly ‘burnout’ on each boiler
by running it back on natural gas for one shift per
week. Natural gas burns hotter than fat or oil and
as such burned out the ash build up. This allowed
us to double the time between cleanings. We were
able to go to a month between clean outs without
any noticeable loss in boiler efficiency.
It is also worth noting that on cold start ups such
as after clean outs, or after a weekend shut down,
we always start up the boilers on natural gas.
Once they’ve heated up we switch to the rendered
product. It seems to burn far better starting in a
hot boiler versus a cold one.
I mentioned earlier a spreadsheet we use in
determining the least cost energy source each
week in our operations. Attachments 1 and 2 are
just two versions of this spreadsheet. Attachment
1 is a simple and crude comparison of the various
energy feedstocks from natural gas, through the
rendered fats and oils and on to corn as well.
Costs are all compared ultimately on a cost per
million Btu’s (MMBTU). The final column gives the
comparison to natural gas as the benchmark. As
you can see, a year and a half ago all fuels were
cheaper than natural gas. Burning corn was only
36% of the price of burning natural gas.
The market sources for all of the products are
listed below. In addition, the relative BTU value
for each product is listed as well. However, not
all costs involved in getting all of these products
to a boiler are reflected in this spreadsheet.
Gas delivery charges, fat filtration charges, and
increased burning costs are not reflected here.
Attachment 2 represents full costing and
comparison with adjustments for FFA and the
Fuel Tax credit reflected as well. In the U.S. we
have a Federal Blended Fuel Excise Tax Credit to
take advantage of as well. It is $0.50 per gallon or

$6.82 per hundredweight. It significantly impacts
the bottom line when evaluating the burning of
rendered fats and oils.
In addition, this spreadsheet takes into account the
burning of higher FFA product by calculating the cost
on the basis of the AFOA trading rules for pricing.
In either case, feel free to use these spreadsheets
and customize them to your own applications.
Transportation costs of gas and alternative
fuels can be plugged in here as well as any tax
considerations you might have. Filtration, a
previously mentioned must for burning, has its
costs reflected here too on a hundredweight basis.
In addition, the costs of more frequent boiler
cleanouts and additional maintenance time are
added here as well on a cost per hundredweight.
Finally, the projected Btu consumption is applied
to the cost of burning the alternative fuel mixture
to calculate a cost savings for the month over
burning the standard of natural gas. While this
shows a modest amount in December 2006,
previous months have been several times that
amount depending on relative markets for
alternative fuels.
In the electronic version of this presentation I have
included these spreadsheets in Microsoft Excel
version as well for you to use. They are in Microsoft
Word in the printed version.
Burning rendered fats and oils for fuel may
save energy costs and be considered a ‘Green’
undertaking since we are using a recycled and
renewable fuel in place of a petroleum product,
but what about its effect on the atmosphere? What
are we emitting in burning an alternative fuel?
To answer that question I would refer everyone
to the most complete work done in this area to
date. Specifically that was research done at the
University of Georgia in Athens, Georgia. That
work was funded by the Fats and Protein Research
Foundation (FPRF), the Poultry Protein & Fat
Council of the U.S. Poultry and Egg Association
and the University of Georgia. As Meat and
Livestock Australia (MLA) is a member of FPRF all
of its members are entitled to this information.
In addition, this work has been given to the U.S.
Environmental Protection Agency (EPA) for their
use in the permitting process in the United States
for entities wishing to burn rendered fats and oils.
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This work, FPRF Project #320, is entitled ‘A
Demonstration of Fat and Grease as an Industrial
Boiler Fuel’. It is attached to this report in its
entirety. What the study demonstrated was that:
• Sulfur dioxide (SO2 ) emissions were virtually
non-existent in all of the rendered fats and oils.
• Carbon Dioxide (CO2 ) emissions, that wonderful
greenhouse gas, were half that of #2 fuel oil.
• Carbon monoxide (CO) emissions were 15% to
30% lower than #2 fuel oil dependant upon the
rendered product being burned. And of note
was the fact that CO emissions were even lower
yet when the rendered fats were blended with
the #2 fuel oil. A sort of synergistic effect seems
to take place there.
• Nitrous Oxide (NOX) emissions were no
different that #2 fuel oil.
• Particulate matter was slightly higher with the
rendered product which points once again to
the need for filtering of the rendered fats and
oils prior to combustion.
• There was a 3% to 33% reduction in NOX
emissions when Flue Gas Recirculation was
used (FGR).
In summary this shows that rendered products
overall burn cleaner than #2 fuel oil. The pollutants
of greatest significance, carbon dioxide and sulfur
dioxide, are phenomenally reduced when rendered
fats and oils are burned. With virtually no sulfur
dioxide and a 50% reduction in carbon dioxide it
is easy to see just how ‘green’ it is to burn our fats
and oils.

your boiler for oil burning. However, as you can
see, dependent upon the differentials in fuel costs
that investment can be recouped very rapidly.
When we first installed our burners for fats and oils
the differential in fuel prices gave us a payback of
less than 4 months. Since then we have enjoyed
those cost differentials dropping right to the
bottom line.
Secondly, if your boiler was not built to burn a
fuel oil of any kind (i.e. a natural gas burner only)
you may experience a loss of horsepower when
burning rendered product. This is due to the fact
that burning of oils generally requires a longer fire
tube that the burning of natural gas. Therefore,
if you have the shorter tube you cannot burn
enough fat or oil to get the same rated horsepower.
This is something to keep in mind if your spare
horsepower in your power plant is small. A loss of
10% to 15% could put you in a deficit situation at
peak steam usage.
In closing I’d like to thank you for inviting me
‘down under’ to speak and visit with all of you.
It has certainly been and will be a pleasure as I
intend to sample more of this wonderful country
before I leave. In particular I’d like to thank
everyone at the A J Bush & Sons company for
sponsoring me here today. In particular I’d like
to thank David Kassulke and Tony Lawlis for their
outstanding hospitality.
Should you have any questions I’d be more than
happy to address them. If you would like to contact
me later, my address, phone numbers and e-mail
address are below as well as on the power point
version. Please feel free to contact me.
David J. Kaluzny, II

Nitrous oxide emissions are overall no different
that #2 fuel oil with some variances between
different fats and oils. In this study the higher levels
of particulate matter, as I mentioned previously,
reinforce the need for filtration prior to burning.

Vice President, Kaluzny Bros., Inc.
President, KBI Energy, LLC
Vice President, Lipid Logistics, LLC

In summary I have attempted to show how
rendered fats and oils can be used as an
alternative energy source in boilers that is
environmentally friendly as both a recycled and
renewable fuel as well as one that burns cleaner.

815-744-1453
815-729-5069 Fax
815-474-7804 Cell

Allow me to add two other issues of note you
should be aware of. The first is that as indicated in
the study, if you are not already set up to burn oil
there are costs ranging up to $50,000 to retrofit
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1528 Mound Road
Joliet, IL 60436

dkaluzny2@aol.com

$17.25

$18.00

$15.00

$12.00

Bleachable Fancy Tallow

Choice White Grease

Yellow Grease

Brown Grease

Assumptions:

132,000

All Fats

BTU per Gallon

BTU per Gallon

BTU per Gallon

$4.99

$6.66

$8.33

$10.00

$9.58

$10.83

$13.33

$12.29

$0.00

$13.93

Cost Per
Million
BTU

7.576

6.849

7.143

Gallons per Million BTU

Gallons per Million BTU

Gallons per Million BTU

35.81

47.84

59.80

71.76

68.77

77.74

95.68

88.20

0.00

100.00

NATURAL
GAS
BASIS

All Fats caf Chicago
(Yellow Sheet close on 12-6-2005 )
Natural Gas and Fuel Oil Prices are Nymex close 12-2-2005, January Contract.
*Brown Grease is Yellow minus $3.00, not the actual market quote.
Note: No basis added to Natural Gas price. Delivery charges are unique to each destination and need to be added.

7.33 lbs. Per gallon @ 160 degrees F

146,000

# 6 Fuel Oil

All Fats

140,000

Per Bushel

Per Hundred Weight

Per Hundred Weight

Per Hundred Weight

Per Hundred Weight

Per Hundred Weight

Per Hundred Weight

Per Gallon

Per Gallon

Per Million BTU

HOW QUOTED

# 2 Fuel Oil

$1.90

$19.50

Edible Tallow

Corn(Dec. 2005)CBOT

$24.00

Edible Lard

*

$1.72

nq

$13.93

# 2 Fuel Oil

# 6 Fuel Oil

Natural Gas

Price
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Attachment #1 - Boiler Fuel Analysis, December 2005
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$0.15
-$6.82
$10.33

Filtration

Rebate @ $.50 per gallon

Total Grease Cost

*Brown Grease is Yellow minus $3.00, not the actual market
quote.

Natural Gas and Fuel Oil Prices are Nymex close on 5-25-2007, June Contract.

( Jacobsen close on 5-24-2007 )

Yellow Grease fob Missouri River

*** Charge is paid whether we burn grease or gas

Yellow Grease

Assumptions:
16,899

$0.20

Maintenance

Grease Burning Savings May 2007. Assuming: Grease is 90 %
of boiler fuel. Fuel consumption is May 2006 plus approx. 5.5%
projected increased consumption.

$16.80

45

Grease Price

Minumum FFA

$24.00

Yellow Grease

$0.35

Nicor Charge
$8.15

$0.11

Vanguard Upcharge

Total Natural Gas Cost

$7.69

Natural Gas

***

Price

Commodity

BTU per Lb.

Per Hundred Weight

Per Hundred Weight

Per Hundred Weight

Per Hundred Weight

Per Hundred Weight

Per Hundred Weight

Per Million BTU

Per Million BTU

Per Million BTU

Per Million BTU

HOW QUOTED

59.18

$6.11

$0.09

$0.12

$9.94

$0.00

$14.20

$8.15

$7.69

Cost Per
Million BTU

Lbs. per Million BTU

$19,241.00

75.00

100.00

NATURAL
GAS
BASIS
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Attachment #2 – Full Costing Boiler Fuel Analysis with FFA Adjustment &
Fuel Credit, December 2006
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Attachment #3
A Demonstration of Fat and Grease as an Industrial Boiler Fuel
Principal Investigator:
Dr. Thomas T. Adams, P.E., Public Service Associate
UGA Engineering Outreach Service (EOS)
Coinvestigators:
Jim Walsh, GA Tech EDI, Mike Brown, GA Tech EDI
Dr. John Goodrum, UGA Bio. & Ag. Eng., Dr. Jackie Sellers, UGA Bio. & Ag. Eng.
Dr. Keshav Das, UGA Bio. & Ag. Eng.
Project Administrator:
Dr. E. Dale Threadgill, Director, Faculty of Engineering, The University of Georgia
Project/Report Manager:
Robert J. Synk, P.E., Project Management Resources, Inc.
Project/Report Contributors:
Erin Callaghan, Public Service Representative, UGA, EOS
Bryan Graffagnini, Research Engineer, UGA EOS
Javier Sayago, Chemist, UGA EOS
The University of Georgia
Engineering Outreach Service, Driftmier Engineering Center, Athens, GA 30606-4435
June 30, 2002
Jointly Funded by:
Poultry Protein & Fat Council of the U.S. Poultry & Egg Association
Fats and Proteins Research Foundation, Inc.
The University of Georgia
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A Demonstration of Fat and Grease
as Industrial Boiler Fuel
Executive Summary
The University of Georgia (UGA) Engineering
Outreach Service (EOS) used fats and grease
(chicken fat, yellow grease, choice white grease,
and beef tallow) as industrial boiler fuels in the
100,000 lb./hr. No. 2 boiler at the UGA steam plant
during January and February 2002. The project
was funded by the Fats and Proteins Research
Foundation, Inc. and the Poultry Protein & Fat
Council of the U.S. Poultry & Egg Association.
The objectives of the project were to publicly
demonstrate the use of biofuel for industrial
steam production and to examine the procedures
necessary for its use.
Combustion Test Program Summary		
Fuel

No. of Tests

Natural Gas
Choice White Grease
Choice White Grease - Fuel Oil Blend
Tallow
Tallow Fuel - Oil Blend
Yellow Grease - Fuel Oil Blend
Yellow Grease
No. 2 Fuel Oil
Chicken Fat - Fuel Oil Blend
Chicken Fat
Total

9
10
12
13
15
19
21
22
23
29
173

Tests were conducted Jan. 28 thru Mar. 15, 2002.

Biofuels, either singly or blended with No. 2
fuel oil, are technically and economically viable
alternatives to No. 2 fuel oil. Biofuels are user
friendly and less hazardous than petroleum fuels.
The addition of biofuel combustion capability is
simple and inexpensive. It is not necessary to
replace or compromise the operation of existing
fossil fuel systems.
Industrial boiler operators can use these results
to economically justify the use of biofuels and
to support air emissions permit submittals. Even
lower emissions levels may be obtained from
boilers employing advanced combustion systems.
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Summary of Results:
1. Laboratory analyses showed that the fats and
greases tested have high heating value, low
ash, negligible sulfur, low moisture, and other
physical and chemical properties conducive
to their use as boiler fuel. Heating values for
the biofuel blends tested are within 95% of the
heating value of No. 2 fuel oil.
2. The 100,000 lb./hr. No. 2 boiler at the UGA
steam plant was retrofitted to burn biofuels
for approximately $31,000, including the
cost to add flue gas recirculation (FGR). This
amount does not include any expense for the
construction of fuel storage facilities, which
were not required for the demonstration
program. The biofuel heat exchanger was
obtained without cost to the project. It was not
necessary to replace or modify the boiler fuel
train or nozzle for these tests.
3. The tests demonstrated that the biofuels burn
cleanly, readily, without odor and without
damage to boiler equipment.
4. During this test program, biofuels produced
steam within 3.8% to 5.3% of the efficiency
of No. 2 fuel oil. Biofuels blended with No. 2
fuel oil were more efficient than unblended
biofuels, and can actually produce steam with
more efficiency than No. 2 fuel oil. Throughout
the tests part load efficiency was greater
than maximum load efficiency, and steam
production with FGR was more efficient than
without FGR.
5. Biofuels are clean burning. They generally
produce fewer combustion emissions than No.
2 fuel oil.
6. Flue gas recirculation is an effective way to
reduce NOx emissions for both fossil and
biofuels.
Impact of the Research Results relative to the
requirements for Boiler No. 2 in the UGA Part 70
Operating (air emissions) Permit (‘the Permit’):
1. The Permit prohibits the burning of any
fuel whose sulfur content exceeds 1.3%
(para. 3.2.1). The maximum sulfur content of
any biofuel tested was 0.007%, and 0.13% for
any biofuel blended with No. 2 fuel.
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2. The Permit limits particulate matter emissions
to 0.417 lb/mmBtu (para. 3.4.1). The maximum
total particulate (non-condensible and
condensible) emission rate of any biofuel was
0.083 lb/mmBtu.
3. The Permit limits visible emissions to 40%
opacity (para. 3.4.9). Smokestack opacity
ranged between 0% and 11% during the
biofuel tests.
Impact of the Research Results relative to the GA
Rules for Air Quality Control (the ‘Rules’):
1. The Rules (Sections (2)(d)2 & 3) limit particulate
emissions from all fuel-burning equipment,
of any size, to 0.10 lb/mmBtu and opacity to
20%. The maximum total particulate (noncondensible and condensible) emission rate of
any biofuel was 0.083 lb/mmBtu. Smokestack
opacity ranged between 0% and 11% during the
biofuel tests.
2. The Rules (Section (2)(d)4) limit NOx emissions
to 0.3 lb/mmBtu from fuel oil burning
equipment, of any size, in an attainment area.
The maximum NOx emission rate of any biofuel
tested was 0.23 lb/mmBtu.
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1.1. History and background, Engineering
Outreach Service (EOS)
In 1994, responding to state initiatives to increase
the rate of technology transfer out of the University
System of Georgia laboratories and into the
workplace, The University of Georgia began to
offer Engineering Outreach and Public Service
to increase the competitiveness of the state’s
industries. UGA has concentrated on providing
to industries on-site services in the areas of
research and development, technical and practical
assistance, regulatory assistance, energy and
water conservation, development of alternative
energy, by-product recovery, pollution prevention,
bioprocessing, value-added processing, and
waste minimization/ treatment. These services
are being delivered mainly to industries and to
municipal and county governments. EOS offered
to conduct combustion testing of rendered fats,
oils, and grease when it learned of the pioneering
work conducted by Roger Smith, Vice President
Engineering Services, at American Proteins, Inc.
1.2. Project Objectives for A Demonstration of
Chicken Fat as an Industrial Boiler Fuel:
• Fuel Characterization: Samples of the fats and
greases will be laboratory tested to analyze
appropriate physical, chemical and combustion
characteristics.
• Capital Cost Minimization: The test program will
evaluate how to minimize the modifications
and resulting capital expense required to
convert an industrial boiler to alternative
biofuel firing.
• Combustion Tests: Operating and emissions
data will be obtained from an industrial boiler
fueled with fats and greases, both singly and
blended with No. 2 fuel oil.
• Publish results: Technology transfer publication.
1.3. Facts – Fats and Greases
Readily available from meat, poultry and other
food-processing operations, chicken fat, yellow
grease, choice white grease, and beef tallow
were purchased locally. They are competitively
priced relative to No. 2 fuel oil, and can represent
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significant cost savings. The annual production
of these biofuels in Georgia alone exceeds
100 million gallons (potentially, over 120 million
therms of energy).
Fig. 1

Fuel Energy Content 1

 
 
#UVQFS-C

INTRODUCTION

 
 
 


/PGVFM
PJM

5BMMPX

:FMMPX
HSFBTF

$IPJDF
XIJUF
HSFBTF

$IJDLFO
GBU

1 PSC Analytical Services, Reading, PA

Fig. 2 Fuel Costs 1
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2.

ANALYSIS OF FATS AND GREASE

2.3. Fat and Grease Properties

2.1. Introduction

Table 1 Fat and Grease Properties 1

Laboratory analyses of the fats and grease (biofuel
oils) established their commercial specifications
relative to standard market product designations.
The physical properties of the biofuel oils were
used to design the test facility at the UGA central
steam plant.

			
Choice
Chicken	Yellow
White
Fat	Grease	Grease
Test

2.2. Sampling Procedures
During the combustion test program, the test team
randomly collected three 500-ml samples of each
fuel, one each at the beginning, middle and end
of each test series. A total of (33) fuel samples
were obtained: six (6) samples each of chicken fat
and yellow grease; and three (3) samples each of
choice white grease, tallow, No. 2 fuel oil and the
blends of chicken fat, yellow grease, choice white
grease and tallow. (All blends consisted of 33%
fat or grease and 67% No. 2 fuel oil.) The team
also collected four (4) samples of various solid
combustion by-product residues from inside the
boiler.
The project procedures maintained sample chain
of custody from initial sampling through analysis.
After initial cooling, the test samples were secured
in refrigerated storage (4 deg. C.) while at UGA. The
test samples were divided into smaller samples
for analyses by the UGA laboratories and by
commercial laboratories. The samples analyzed by
commercial laboratories were overnight shipped in
‘cold packs’.
Fig. 3 Fuel sampling during test

Fatty Acid Profile, % Relative:
<0.10%
<0.10%
C08:0
C10:0
<0.10%
<0.10%
C11:0
<0.10%
<0.10%
C12:0
<0.10%
<0.10%
C14:0
0.57%
0.70%
C14:1
0.26%
0.14%
C15:0
<0.10%
0.11%
C15:1
<0.10%
<0.10%
C16:0
22.76%
14.26%
C16.1
8.37%
1.43%
C16.2
<0.10%
<0.10%
C16.3
<0.10%
<0.10%
C16.4
<0.10%
<0.10%
C17:0
0.11%
0.33%
C17:1
0.12%
0.23%
C18.0
5.36%
8.23%
C18.1
42.07%
43.34%
C18.2
17.14%
26.25%
C18.3
1.07%
2.51%
C18.4
0.22%
0.47%
C20.0
<0.10%
0.33%
C20.1
0.45%
0.48%
C20.2
0.20%
<0.10%
C20.3
0.19%
<0.10%
C20.4
0.45%
<0.10%
C20.5
<0.10%
<0.10%
C21:5
<0.10%
<0.10%
C22:0
<0.10%
3.50%
C22:1
<0.10%
<0.10%
C22:2
<0.10%
<0.10%
C22:3
<0.10%
<0.10%
C22:4
0.10%
<0.10%
C22:5
<0.10%
<0.10%
C22:6
<0.10%
<0.10%
C24:0
<0.10%
0.12%
C24:1
<0.10%
<0.10%
unknown
0.56%
0.72%
components
MIU Analysis:
Moisture
0.12%
& Volatiles
Insoluble
0.08%
Impurities
Unsaponifiable
0.51%
Matter

Tallow

<0.10%
<0.10%
<0.10%
<0.10%
1.57%
0.36%
0.26%
<0.10%
22.04%
5.03%
<0.10%
<0.10%
<0.10%
0.63%
0.43%
9.95%
42.45%
13.17%
0.97%
0.29%
0.14%
0.56%
0.19%
0.12%
0.34%
0.11%
<0.10%
<0.10%
<0.10%
<0.10%
<0.10%
<0.10%
0.14%
0.22%
<0.10%
<0.10%

<0.10%
<0.10%
<0.10%
<0.10%
2.73%
0.50%
0.43%
0.16%
22.99%
2.86%
<0.10%
<0.10%
<0.10%
1.35%
0.75%
19.44%
41.60%
3.91%
0.49%
0.36%
0.14%
0.33%
<0.10%
<0.10%
<0.10%
<0.10%
<0.10%
<0.10%
<0.10%
<0.10%
<0.10%
<0.10%
<0.10%
<0.10%
<0.10%
<0.10%

1.03%

1.96%

0.38%

0.24%

0.17%

0.06%

0.29%

0.12%

0.42%

0.73%

0.30%

1 Woodson-Tenent Laboratories, Memphis, TN
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To establish the commercial specifications
of the fats and greases relative to standard
market product designations, Woodson-Tenent
Laboratories Division of Eurofins Scientific, Inc.,
Memphis, TN performed a fatty acid analysis of
one sample each of chicken fat, yellow grease,
choice white grease and tallow, Table 1. The
fatty acid profiles were determined using gas
chromatography (AOCS method CE2-66/CE1-620,
0.01% accuracy).

No. 2 fuel oil was measured over a range of five (5)
temperatures. One sample of each fuel was tested.
All biofuel blends consist of 33% biofuel and 67%
No. 2 fuel oil. No. 6 fuel oil viscosity and specific
gravity are given below for reference.
Table 2 Biofuel & Fuel Oil Physical Properties
Fuel	Dynamic		
Specific
Viscosity, cP		Gravity
No. 2 Fuel Oil 1
Choice White Grease Blend 1
Yellow Grease Blend 1
Tallow Blend 1
Chicken Fat Blend 1
Chicken Fat 1
Yellow Grease 1
Tallow 1
Choice White Grease 1
No. 6 Fuel Oil 1

In addition, Woodson-Tenent performed MIU
(moisture, impurities, unsaponifiables) analyses of
eight (8) biofuel samples, two (2) samples each of
chicken fat, yellow grease, choice white grease and
tallow, Table 1.
2.4. Viscosity and Specific Gravity
In the summer of 2001, the UGA Biological and
Agricultural Engineering (BAE) Department
analyzed representative samples of chicken fat
and yellow grease, obtained from a local company,
to establish a range of viscosity and specific
gravity for the design of the test facility.

1
2
3
4
5

2.3 4, 5
4.7 4, 5
4.9 4, 5
5.2 4, 5
12.6 4, 5
23.3 4, 5
23.3 4, 5
24.2 4, 5
25.0 4, 5
490 3

0.83
not analyzed
not analyzed
not analyzed
not analyzed
0.89
0.89
0.89
0.88
0.97

4

4
4
4
4
3

Goodrum et al., 2002
Babcock & Wilcox, 1976
data at 38 deg. C.
data at 54.4 deg. C.
data at 12.94 s-1 shear rate

2.5. Ultimate Analysis and Heating Value

In the spring of 2002, BAE analyzed fuel samples
collected during the test program. The UGA
laboratory used a Brookfield LVT viscometer to
determine dynamic viscosity (1% accuracy and
0.2% full-scale reproducibility). Specific gravity
was measured directly. The dynamic viscosity of
each fat and grease, of four (4) biofuel blends
and of No. 2 fuel oil was measured over a range
of five (5) temperatures and five (5) shear rates.
The specific gravity of each fat and grease and of

PSC Analytical Services, Reading, PA analyzed a
total of (33) biofuel, biofuel/fuel oil blends and
fuel oil samples to establish their comparative
combustion chemistry and heating values. (All
biofuel blends consist of 33% biofuel and 67%
No. 2 fuel oil.) PSC used standard ASTM test
methods for all analyses. PSC is certified/
accredited by the USEPA, NIOSH, the US Corp of
Engineers, and (12) states.

Table 3 Fuel Energy Content and Ultimate Analysis 1

Fuel

Energy
Content,
Btu/Lb.

Ash

16,873
18,223
16,899
18,543
16,893
18,493
16,920
18,523
19,237

0.14%
0.02%
0.02%
0.01%
0.08%
0.01%
0.03%
0.06%
0.02%

Chicken Fat
Chicken Fat - Fuel Oil Blend
Yellow Grease
Yellow Grease - F.O. Blend
Choice White Grease
Ch. Wht. Grease - F.O. Blend
Tallow
Tallow Fuel - Oil Blend
No. 2 Fuel Oil
1

PSC Analytical Services, Reading, PA
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Carbon	Hydrogen
75.3%
82.7%
76.4%
80.2%
76.5%
82.2%
76.6%
80.7%
84.0%

11.4%
12.2%
11.6%
11.6%
11.5%
12.1%
11.9%
11.9%
11.9%

Nitrogen	Oxygen
0.04%
0.06%
0.03%
0.07%
0.05%
0.09%
0.02%
0.01%
0.01%

13.1%
3.83%
12.1%
8.01%
11.6%
5.48%
11.4%
7.22%
3.78%

Sulfur

Moisture

0.006%
0.12%
0.005%
0.13%
0.007%
0.13%
0.003%
0.13%
0.35%

(trace)
(trace)
(trace)
(trace)
(trace)
(trace)
(trace)
(trace)
(trace)
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2.6. General Characterization
The Material Safety Data Sheets (MSDS) included
in the Appendix indicate that the fats and greases
tested are neither hazardous nor explosive. From
the test team’s experience, these fats and greases
have a distinct and unpleasant odor. However,
their volatility is low and the odors do not diffuse
readily.
Reports from industry indicate that chicken fat
is very miscible in fuel oil and does not readily
separate in solution. The test team subjectively
confirmed miscibility during the demonstration
project; however, definitive data was not collected.
2.7. Discussion
Preliminary laboratory analyses indicated that
fats and greases could be used with the No. 2
boiler burner nozzle and that the fuel handing
system designed for the test program could
easily handle these biofuels. Actual combustion
testing demonstrated these findings. Later testing
confirmed that biofuels, both singly and blended,
have high heating value, low ash, and low sulfur
content. Heating values for the biofuel blends
tested are within 95% of the heating value of No. 2
fuel oil.
The test team concluded that the chicken fat
delivered on January 29, 2002 was substandard;
the results from the analyses and combustion of
this biofuel were omitted from the report. Initially,
the particulate content in the chicken fat caused
repeated plugging of the fuel handing system
filters. Flue gas testing indicated high levels of
NOx. Subsequent laboratory analyses showed high
levels of insoluble impurities.

PSC Analytical Services reported problems
maintaining data consistency due to the lack of
homogeneity of the fuel samples they analyzed.
The unblended biofuel samples separated into
fractions at room temperature. Heating and stirring
of the samples is necessary before they can be
analyzed.
Research by Dr. John Goodrum at UGA (see
References, Section 8) showed that at 40° C
chicken fat, yellow grease, choice white grease and
tallow were almost entirely solid. Their liquid-solid
transition occurs over 40 – 48° C, and they are all
completely liquid by approximately 50° C.
All of the samples (biofuels, both singly and
blended, and No. 2 fuel oil) examined by Dr.
Goodrum exhibited viscosity that transitioned
from non-Newtonian to Newtonian. The viscosity
of Newtonian fluids does not vary with shear rate.
The viscosity of these fuels initially decreased
with increasing shear rate (non-Newtonian fluid
behavior), followed by viscosity that became
independent of shear rate when the shear rate
was increased beyond 12.94s-1. In other words, the
viscosity curves leveled off (viscosity became fairly
constant at a given temperature) once the fluid
was in motion.
The blends of chicken fat, yellow grease, choice
white grease and tallow with No. 2 fuel oil showed
rheological properties very similar to those of pure
No. 2 fuel oil.

3.

TEST FACILITY DESCRIPTION

3.1. The University of Georgia Steam Plant No. 2
Boiler

Two additional deliveries of chicken fat were
ordered and tested. Their particulate content was
negligible, and the fuel handling system filters
did not plug. Insoluble impurity content and
emissions of NOx were consistent with the other
biofuels tested. Insoluble impurities were 20%
and NOx emissions were 66% of that from the
initial chicken fat delivery. This report includes the
findings from the latter chicken fat deliveries.

All combustion testing was conducted using
the No. 2 boiler located at the central steam
plant at The University of Georgia campus in
Athens, Georgia. Combustion Engineering, Inc.
manufactured this boiler in 1970. It was designed
to combust natural gas, No. 2 oil and No. 6 oil for
the production of 100,000 lbs./hr. of saturated
steam at 250 psig. This boiler currently operates at
100 psig. using natural gas, with No. 2 fuel oil as
an alternative.

These results confirm the need for a high degree of
filtration for fats and greases delivered as boiler fuel.
Inadequately pre-filtered biofuel causes fuel handing
problems and may increase gaseous emissions.

The No. 2 boiler is a pressurized, water-tube
design, package unit. It includes a forced-draft fan
and a single steam/air atomized fuel nozzle (Todd
Combustion, Inc. TCD Atomizer). The TCD Atomizer
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nozzle was developed in 1958, and does not
include air or fuel staging to reduce NOx formation.
This boiler does not have combustion air
preheating or an economizer. Flue gas emissions
control is not required.
Fig. 4	 Burner nozzle for the No. 2 boiler

3.3. Fuel Handling System
The biofuel handling system consisted of both
mobile equipment and equipment temporarily
installed for the tests. Biofuels were transported to
the University and stored on site in a 7,000 gallon
tanker-trailer. A second tanker trailer was utilized
for biofuel/ fuel oil batch mixing. The test protocols
were planned so that the quantity of biofuel
available at the beginning of each testing period
was sufficient for the completion of that test, thus
avoiding the complexity of changing fuel supply
during a test.
Fig. 5	Delivery and mixing tankers at UGA
steam plant.

3.2. Steam Plant Modifications
Neither the boiler burner nozzle nor the fuel train
were changed or modified for the combustion
tests. The biofuel handling system was piped
into the fuel oil delivery piping upstream of the
fuel train. For further details, please refer to the
Appendix, Dwg. No. SK-001, Central Steam Plant
Site Plan, and Dwg. No. SK-002, Boiler No. 2
Process Flow Diagram.
A 7 hp gear pump supplied biofuel to the boiler
fuel train at a maximum of 22 gpm. A pressure
control valve and a safety relief valve maintained
the pump discharge pressure to a maximum of
275 psig. Two (2) cast iron basket strainers in
parallel protected the pump. A shell and tube heat
exchanger, which maintained biofuel temperature,
was rated for 150 psig and was installed on the
gear pump suction side. 1-1/2’ dia. carbon steel
sch. 40 piping and 300-lb. malleable iron screwed
fittings were used throughout. Some sections of
the piping were steam traced.
The biofuel delivery system was manually
controlled. Instrumentation consisted of two
(2) fuel flow meters, a rotary flow indicator, and
necessary pressure and temperature gauges.
The only modification to the boiler was the
temporary addition of a flue gas recirculation (FGR)
duct and damper. No modifications were made to
either the boiler internals or instrumentation.
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Previous industrial experience had indicated
that after a 24 hour exposure to extreme winter
ambient temperatures, a 7,000 gallon tanker load
of biofuel could become too viscous for handling.
Therefore, all biofuel was delivered warm (over
100° F) and within 4 hours after loading. All biofuel
suppliers were located near Atlanta, GA, less than
80 miles from the steam plant. Delivery tankers
were piped to the fuel system immediately after
they arrived at the UGA steam plant. The fuel
system continuously recirculated the biofuel to the
tanker and kept it warm and mixed.
A heat exchanger was included in the fuel handling
system prior to fuel transfer to the boiler. The heat
exchanger maintained the biofuel temperature to
approximately 165° F to reduce its viscosity to that
of No. 2 fuel oil. The source of heat for this unit was
5 psig steam.
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Fig. 6 Fuel heating, pumping and mixing
system.

under a wide range of operating conditions.
The tests demonstrated that the biofuels burn
efficiently, cleanly, readily, without odor and
without damage to boiler equipment.
4.2. Test Schedule

The University of Georgia in Athens, GA is subject
to mild winter conditions and considers the winter
heating season to extend from late November to
mid-February. Steam demand on the central steam
plant is in the 100,000 to 200,000 lb/hr range
during the winter heating season. This demand
reduces to less than 50,000 lb/hr during the
summer. Throughout the year, daily load peaks in
the early morning.

3.4. Flue Gas Recirculation System
The FGR system consisted of a 20 inch diameter
duct connecting the boiler flue gas breaching (at
0.0 in. wg. static pressure) and the forced draft fan
inlet (at negative 0.25 in. wg. static pressure). An
adjustable butterfly damper was installed in the
duct to control flow. Pitot tube flow measurements
indicated that 7 to 10% of the flue gas exiting the
boiler was recirculated back into the burner.
3.5. Environmental Protection
Provisions were made to maintain personnel safety
and to avoid and control spills in accordance
with the UGA Spill Prevention Control and
Countermeasure Plan (SPCCP) and the UGA
Storm Water Pollution Prevention Plan (SWPPP).
The biofuel transfer pump, two fuel strainers,
and the heat exchanger were located in a diked
containment area to isolate them from the sanitary
sewer system.

4.

COMBUSTION DEMONSTRATION

4.1. Introduction
Industrial boiler operating experience and data
were obtained while firing natural gas, No. 2
fuel oil, biofuels, and biofuels blended with
No. 2 fuel oil. Baseline combustion testing was
conducted by firing natural gas and fuel oil. Testing
was conducted both with and without flue gas
recirculation and with a range of boiler loads to
evaluate emissions and combustion efficiencies

The project team scheduled the tests during the
winter heating season to allow for testing of the
No. 2 boiler at maximum load. The tests began
January 28, 2002 and continued daily for three
weeks until February 15, 2002. Maximum load
tests were conducted in the morning, part load
tests in the afternoon. A follow-up test on chicken
fat was conducted on March 15, 2002.
In general, the sequence of the testing was chicken
fat and blend, yellow grease, choice white grease
and blend, tallow, yellow grease blend and tallow
blend. All blends consisted of 33% fat or grease
and 67% No. 2 fuel oil. Natural gas and No. 2 fuel
oil testing was conducted periodically throughout
the test period.
4.3. Boiler Efficiency
Boiler efficiency is calculated as boiler steam
energy output (btu/hr), less feedwater energy
input, as a percentage of boiler fuel energy input
(btu/hr). Steam plant instrumentation measured
the flow (lb/hr) and pressure (psig) of the
saturated steam produced by the boiler. Feedwater
energy input was based on the temperature at the
deaerator.
Fuel energy input is the product of the flowrate
and the energy content of the fuel. The flowrate
was determined from the flow at the boiler burner
nozzle flowmeter divided by the time interval
between meter readings. PSC Analytical Services
analyzed samples of each fuel to determine
specific energy content.
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Fig. 7

Boiler Efficiency, Biofuels and Fuel Oil



biofuel oil alone. Boiler efficiency was significantly
higher using tallow blend compared to #2 fuel oil
under half load conditions.




Fig. 9
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Fuel
Abrev.

Average
Efficiency

Fuels

T
Y
C
W
WB
YB
CB
F
TB

74.9%
75.6%
75.9%
76.4%
77.6%
78.0%
79.0%
80.2%
81.9%

Tallow
Yellow grease
Chicken fat
Choice white grease
Choice white grease - fuel oil blend
Yellow grease - fuel oil blend
Chicken fat - fuel oil blend
No. 2 fuel oil
Tallow - fuel oil blend

#

$

%

&

'

'VFM'(30QFSBUJPO
1 Maximum boiler load conditions shown.
2 Error bars show std. error, n=4 or greater.
3 1% error assumed for case E.
Fuel/ FGR.
Operation
A
B
C
D
E
F

Average
Efficiency
74.7%
77.0%
77.2%
77.4%
79.6%
80.4%

Flue Gas Recirculation (FGR)
Status
Biofuels, w/o FGR
Biofuels with FGR
Blended biofuels w/o FGR
Blended biofuels with FGR
No. 2 fuel oil w/o FGR
No. 2 fuel oil with FGR

Fig. 8 Boiler Efficiency, Max. and Part Load
Conditions


4.4. Combustion Characteristics



The steam plant did not experience any unusual
operating problems while burning biofuel or biofuel
blends. The boiler lit off quickly and ran quietly.
There were no fat and grease odors in the plant.






"

#

$

%

&

'

'VFM#PJMFS-PBE
Error bars show std. error, n=4 or greater
Fuel/
Load

Average
Efficiency

Fuel & Boiler Loading

A
B
C
D
E
F

75.6%
77.2%
77.4%
80.0%
80.5%
80.9%

BIOFUELS @ MAX. LOAD
BIOFUELS @ PART LOAD
BLENDED BIOFUELS @ MAX. LOAD
No. 2 FUEL OIL @ MAX. LOAD
No. 2 FUEL OIL @ PART LOAD
BLENDED BIOFUELS @ PART LOAD

There was no significant difference in boiler
efficiency when using 100% #2 fuel oil and blends
with 33% biofuel oil according to a Student’s t-test
at the α = 0.05 significance level. Boiler efficiency
of #2 fuel oil was significantly higher compared to
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Observations through the furnace sight glasses
indicated that biofuels generally burn with a flame
that is more yellow-colored and widely dispersed
than with either natural gas or No. 2 fuel oil.
However, the flame pattern was well contained
within the furnace, as was verified by later internal
inspection of the furnace.
At maximum load, fuel pressure to the boiler
nozzle averaged 160 psig for unblended biofuels,
157 psig for blended biofuels, and 119 psig for No.
2 fuel oil. Atomizing steam pressure averaged 97
psig under all conditions.
A thermocouple was installed in the furnace
to measure its internal temperature. The
thermocouple projected approximately 3 ft. into
the back of the furnace, at the flue gas backpass.
Temperature readings were read from a handheld
digital thermometer.

Ninth International Symposium on World Rendering 2007

Fig. 10 Furnace temperature measurement
system

Fig. 11 Inspection of boiler heat transfer
surfaces after testing biofuels

4.5. Inspection of Boiler Internals

4.6. Discussion

The test team inspected the interior of the
boiler after several months of firing natural
gas exclusively; then, after firing No. 2 fuel
oil exclusively; and, finally, after three weeks
of biofuel combustion testing. The test team
observed that the water tube exterior surfaces
were clean and soot-free after natural gas firing.
The tube surfaces were soot-covered, blackcolored, and somewhat greasy after firing with No.
2 fuel oil.

The standard error calculated for the efficiency
data ranged from 0.3% to 1.4%, plus or minus,
with one data point showing a 2.6% +/- standard
error, n = 4. The instrumentation used is standard
industrial class equipment, and was not specially
calibrated for this test. The greatest potential for
error is the time recording taken between fuel
meter readings. A time interval of 13 minutes was
the minimum used. All time readings were taken
with a wristwatch to the nearest minute.

Following biofuel burning, the interior of the
furnace appeared to be almost as clean as it was
after firing natural gas, and much cleaner than it
was after burning No. 2 fuel oil. A slight blackening
of the tube surfaces, following the flame pattern,
was observed in the front half of the 25-ft. long
furnace.

There was no significant difference in efficiency
under part load conditions versus full load
according to an unpaired Student’s t-test at the
α = 0.05 significance level. Also, there was no
significant difference in efficiency with or without
FGR. However, combustion with FGR resulted in
significantly less excess air in the flue gas and
indicates more complete combustion and less loss
of energy to the stack.

A scattering of baked-on solid deposits (each
approximately 2-3 mm in diameter) was found on
the tube surfaces in the back half of the furnace.
The UGA Chemical Analysis Laboratory analyzed
three (3) samples of this material with an ICP
mass spectrometer and found that they consist
predominately of the elements Fe, Na, P, K, and Ca.

5.

EMISSIONS TESTING

5.1. Particulate Testing
Advanced Air Consultants Inc. (AAC), Murrayville,
GA performed emissions tests for condensible
(both organic and inorganic) and non-condensible
particulate. Two test runs, each one hour long and
conducted under normal boiler operation, were
performed on each of five different fuels (chicken
fat, yellow grease, choice white grease, tallow, and
No. 2 fuel oil). Simultaneously with the particulate
tests, the UGA Engineering Outreach test team
measured gaseous emissions.
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AAC conducted all particulate testing according
to the reference methods developed by the US
EPA and promulgated in the Code of Federal
Regulations, Title 40, Parts 51 and 60. AAC is
certified per NELAC procedures to perform EPA
Method 5 particulate measurement. All of the test
equipment was manufactured and calibrated as
specified in the EPA methods.
The particulate testing location was in a straight
section of the No. 2 boiler breaching, between the
boiler and a combined boiler stack. The number of
velocity traverse points was chosen based on the
distance of the test ports from up and downstream
flow disturbances. Flow disturbances were
located 2.5 diameters upstream and 1.0 diameters
downstream from the test ports. Twenty traverse
points were sampled.
Fig. 12 Inserting particulate testing probe into
breaching.

In accordance with US EPA Method 19 (40CFR60),
AAC calculated fuel F-Factors using the fuel
analysis data presented in Section 3 of this report.
F-Factors are used to calculate emission rates in
pounds per million Btu, per US EPA methodology.
The US EPA ‘F Factor’ technique is a more
convenient method to determine emissions on
a mass per unit heat input basis. This technique
allows the calculation of emissions without the
need for precise measurement of fuel flow and
combustion efficiency.
Table 4	 F-Factors
Fuel
Chicken Fat
Yellow Grease
Tallow
Choice White Grease
No. 2 Fuel Oil

F-Factor, Fd
8,865
9,108
9,145
9,179
8,850

Source: Advanced Air Consultants, Inc, Murrayville, GA
Fd is the ratio of the quantity of dry gas generated by combustion to
the gross calorific value of the fuel, dscf/106 Btu.
Ref: Federal Register, 40:194, Part V, Oct 6, 1975.

AAC also monitored smokestack opacity. Maximum
opacity with chicken fat was 4% and yellow grease
was 6%. There was no opacity observed while
burning tallow. Opacity was not monitored while
burning choice white grease.

AAC used a sampling train consisting of a stainless
steel nozzle, stainless steel union, stainless steel
lined probe, glass filter holder with Teflon filter
support, four glass impingers, umbilical cord,
vacuum pump, dry gas meter and orifice. Both the
probe and filter compartment were heated to 250
deg. F. The impingers were placed in an ice bath
to remove moisture from the sample gas stream.
A ‘S’ type pitot tube and an inclined manometer
measured the gas velocity pressures. A type K
thermocouple and a digital thermometer measured
the gas temperature. The Denver Instruments
Model A-250 analytical balance in the AAC
laboratory weighed the particulate samples.
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Opacity testing was not performed in strict
accordance with GA EPD compliance regulations,
which require an average value for a series of
opacity observations over a one-hour period.
Instead, opacity testing during the program
consisted of a series of spot observations.
However, all opacity readings were taken by GA
EPD-certified opacity readers.

Ninth International Symposium on World Rendering 2007

in the breaching through two moisture condensers
to the vacuum pump and then to the analyzer.

Fig. 13 Particulate Emissions, Biofuels and
Fuel Oil
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1 Test conditions: maximum boiler load with FGR.
2 Condensible particulate = organic + inorganic
condensible particulate.
3 Total particulate = non-cond + cond particulate.
4 Error bars show std. error for total particulate.
Fuel
Abrev.

Fuels

Y
T
F
W
C

Yellow grease
Tallow
No. 2 fuel oil
Choice white grease
Chicken fat

The ENERAC sensors use an electronically
controlled circuit to minimize zero drift and reject
cross interference from other compounds, in
compliance with EPA Conditional Test Methods
(CTM) –022, -030 and –034. The performance
specifications of the CTM-022 method are
equivalent to US EPA Method 7E requirements.
The accuracy of the sensors is +/-2%, and they are
capable of operating at 1.5 orders of magnitude of
gas concentrations.
Equipment was calibrated several times per week,
and was checked daily for accuracy. The system
was allowed to autozero daily. Span calibration of
CO, NO, SO, NO2 was performed 2-3 times per week
using calibrated gases (CO at 78 ppm, NO at
124 ppm, SO2 at 25 ppm, and NO2 at 92 ppm.)
Fig. 14	Logging of emissions data from
Enerac 3000E.

5.2. Gaseous Emissions Testing
The UGA Engineering Outreach team used an
ENERAC 3000E analyzer to measure the gaseous
emissions from the No. 2 boiler. The team recorded
both average and instantaneous measurements
of flue gas concentrations for oxygen, carbon
monoxide, carbon dioxide, combustible gases,
excess air, nitric oxide, nitrogen dioxide, NOx
(NO + NO2), and sulfur dioxide. The analyzer
software program enabled the recording of
emissions data directly to a spreadsheet file on
the hard drive of a laptop computer. Data was
recorded during steady state operations for each
fuel tested, at both maximum and part loads and
at each FGR damper setting.
The ENERAC 3000 portable emissions analyzer is
a self-contained, extractive flue gas monitoring
system utilizing electrochemical sensors with an
internal sample pump designed for 600-900 cc/
minute. A separate vacuum pump extracted flue
gas from a breaching port and discharged it to the
ENERAC. Teflon tubing interconnected a filter probe
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Fig. 15 NOx Emissions
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Error bars show std. error calculated for cases: CB with FGR (n=2) and T w/o FGR (n=3).
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Fig. 16 SO2 Emissions
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Fig. 17 CO2 Emissions
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Fig. 18 CO Emissions
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Fig. 19 Combustibles in Flue Gas
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5.3. Odor Sampling
At no time during the demonstration program
did the test team receive any complaints about
odor originating from the steam plant. Test team
members, BAE faculty and staff associated with
the project, and the steam plant personnel (10
individuals, in total) monitored the campus for
odor and recorded their findings at least twice for
each test series. Odor was monitored (36) times
throughout the demonstration program. Each
odor test began at the steam plant; and, if the
wind speed exceeded 1 to 2 mph, was repeated
again 0.5 to 1.0 miles down wind of the steam
plant. A check of the UGA campus weather website
preceding each test confirmed the wind direction
and velocity. All odor testers were asked to
verify that they were not suffering from any nasal
congestion.
Odor was not detected during any of the (17) tests
taken down wind of the steam plant. However,
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there were noticeable fat and grease odors
detected in the vicinity (within 100 ft.) of the
biofuel tankers.
5.4. Flue Gas Recirculation (FGR) Flow
Measurement
Approximately 7 to 10 % of the boiler breaching
flue gas was recirculated to the forced draft fan
inlet with the recirculation damper 100% open.
The test team performed a series of flowrate
measurements using standard pitot tube traverse
methodology. Measurements were made for all
fuels, at both full and part load conditions.
The arrangement of the FGR ducting made pitot
traversing difficult and impeded the accuracy of
the tests. However, the tests are deemed accurate
within 25%, which is sufficient to determine that
the system was functioning.
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5.5. Discussion
The most significant source of data inaccuracy
during the particulate testing is the % of isokinetic
sampling, which is the ratio of flue gas flow rate to
the sampling flow rate. The GA EPD allows these
rates to average within 10% of each other during
a one-hour sample period, i.e., a test accuracy of
10%+/-. For compliance testing, two out of three
samples must meet the 10% criteria. During this
test program, at least one particulate test for each
fuel met the EPD requirement.
Odor and opacity test readings were subjective.
Their degree of accuracy cannot be documented.
Statistical analysis using the Student’s t-test
statistic was used to test for significant difference
(α = 0.05) for other data using Sigma-Plot version
2.01 software (Jandel Corporation, San Raphael, CA).
Total particulate emissions from biofuel oil as
a group were not significantly different from
particulate emissions from #2 fuel oil. However,
total particulate emissions from chicken fat fuel
was significantly higher than the other biofuel
oils and both chicken fat and choice white fat
particulate emissions were significantly higher
than #2 fuel oil. Particulate emissions from chicken
fat fuel were significantly higher than those from
choice white grease.
In general, the most significant source of data
inaccuracy during gaseous emission testing is the
specified 2%+/- accuracy of the ENERAC sensors.
Most of the NOx formed during combustion is
from high temperature oxidation of atmospheric
nitrogen. This NOx is referred to as ‘thermal NOx and
is popularly modeled as an exponential function
of flame temperature and a square root function
of oxygen concentration. Thus, the formation of
thermal NOx can be controlled by manipulating the
flame temperature or the oxygen concentration
(Agrawal and Wood, 2002). Average emissions of
NOx from the combustion of all biofuel oils were not
found to be significantly different than emissions
from #2 fuel oil (Student’s unpaired t-test, 0.05
significance level). However, the NOx emissions
from chicken fat alone were significantly higher than
the other biofuel oils and #2 fuel oil and natural
gas. This result is confounding, the chicken fat
fuel contained higher ash (Table 3), however, total
nitrogen was low and combustion conditions were
identical to the other combustion tests.

The procedures used in this testing of FGR both
reduced oxygen (which decreases NOx) and
increased furnace temperature (which increases
NOx, see Fig. 15, Legend). The net result was that
for all cases when flue gas recirculation was used,
NOx decreased in the range of 2.8% to 32.5%,
significantly different from emissions without
FGR according to a Student’s paired t-test
(α = 0.05). The discrepancy between the factors
simultaneously driving the increase and the
decrease of NOx should be further studied.
The ENERAC may have recorded SO2 readings
significantly lower than actual. Gas samples
extracted from the breaching were cooled below
the SO2 condensation temperature (to remove
excess moisture) before the sample was analyzed
by the ENERAC. However, the relative SO2 data
values presented in Fig. 16 are considered valid
because this data is proportional to % sulfur
analyzed in the fuels. The biofuel oils had
practically zero amounts of SO2 in emissions and
they were significantly less than the biofuel oil
blends and #2 fuel oil. Additionally, biofuel oil
blends had significantly lower SO2 emissions that
#2 fuel oil.
There were significantly lower CO2 emissions from
biofuel oil versus #2 fuel oil. Additionally, 33%
blends of biofuel oil in #2 fuel oil had significantly
lower CO2 emissions.
There was no significant difference in CO
emissions between the biofuel oils, blends, or
#2 fuel oil. FGR had no significant effect on CO or
combustibles emissions. Chicken fat and yellow
grease emissions were significantly lower in
combustibles than #2 fuel oil.

6.

CONCLUSIONS

Fats and greases were demonstrated as
industrial boiler fuels. These biofuels easily
and economically displace No. 2 fuel oil using
the same boiler operating procedures as fuel
oil without any modifications to internal boiler
combustion equipment. The biofuels need to be
kept warm during cold weather in order to flow
through piping and equipment. When heated to
about 160° F. biofuels are easily atomized and
ignited. Construction costs for the pump, heat
exchanger, instruments, piping, valves, fittings,
and electrical system for a system to maintain
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the 160° F. temperature and to transfer fuel from
storage to the boiler was less than $31,000. This
total does not include the cost of engineering
or the procurement cost for the heat exchanger.
Extra costs would be incurred if separate storage
tanks were needed for biofuel storage. Research
should be accomplished focusing on the issues
associated with using existing No. 2 fuel oil
storage tanks for the storage of biofuel and biofuel
blends.
Air emissions from the combustion of the biofuel
oils met or exceeded state and federal air quality
permit requirements for The University of Georgia.
Nitrogen oxides and particulate emissions were
comparable to emissions from the combustion of
No. 2 fuel oil, Table 4. Sulfur dioxide emissions
and deposits on boiler tubes were similar to those
encountered when burning natural gas. Biofuels
also have low carbon monoxide emissions. The
fuel nozzle used in the UGA boiler was a 1950’s
design and no special procedures were used to
minimize emissions through nozzle placement.
Flue gas recirculation (FGR) was tested with 7%
to 10% of flue gas being recirculated. FGR did not
significantly increase boiler efficiency but did
significantly reduce NOx emissions compared to
tests without FGR according to a Students t-test at
the α = 0.05 significance level. NOx emissions were
not reduced enough to meet regulations for new
sources and for non-attainment areas. Additional
testing is required using low NOx nozzle designs
and other methods for minimizing emissions.
When the boiler was operated at half load, boiler
efficiency was significantly greater for a blend of
33% tallow with 77% #2 fuel oil than when using
100% #2 fuel oil (α = 0.05).
The biofuel oils have high heating value; low
amounts of ash, nitrogen, and moisture; and
negligible amounts of sulfur. Heating values of
the biofuel oil blends tested are within 95% of
the heating value of No. 2 fuel oil. The specific
gravity of the biofuels is close to that of No. 2
fuel oil. The biofuels are more viscous than No. 2
fuel oil, but much less viscous than No. 6 fuel oil.
However, a blend of 30% biofuel with No. 2 fuel
oil has a viscosity that is close to that of No. 2 fuel
oil. Boiler efficiency while burning biofuel oil is
comparable to that of No. 2 fuel oil.
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Additional research is needed to understand:
1. What is the effect of biofuel/fuel oil blend
proportions on viscosity and miscibility?
What blend proportions maintain fluidity (low
viscosity) over the range of ambient storage
temperatures (say, 32 to 100° F.) typical in
industrial applications? What is the minimum
amount of agitation required?
2. What are minimum required specifications for
fats and greases used as biofuel? What are the
requirements for solids removal (screening),
MIU (moisture, insolubles, unsaponifiables),
Ultimate analysis (C, H, N, S), energy content,
specific gravity, viscosity, etc.? How shall
biofuels be specified for environmental
permitting?
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Table 5 Comparison of UGA Test Emissions to US EPA Criteria Pollutant Emission Factors
NOx, lb./
MMBtu

Filterable PM,
lb./MMBtu

CO, lb./
MMBtu

SO2, lb./
MMBtu 5

UGA Boiler No. 2 Emissions, Tested at Max. Steam Load 1
Chicken Fat, controlled with FGR 7
Yellow Grease, controlled with FGR 7
Choice White Grease, controlled with FGR 7
Tallow, controlled with FGR 7
No. 2 Fuel Oil, controlled with FGR 7

0.156
0.097
0.150
0.101
0.116

0.077
0.009
0.038
0.014
0.010

0.008
0.016
0.014
0.018
0.004

0.000
0.001
0.000
0.007
0.219

UGA Boiler No. 2 Emissions, Estimated at Max. Steam Load 2
Chicken Fat, uncontrolled (w/o LNB or FGR)
Yellow Grease, uncontrolled (w/o LNB or FGR)
Choice White Grease, uncontrolled (w/o LNB or FGR)
Tallow, uncontrolled (w/o LNB or FGR)
No. 2 Fuel Oil, uncontrolled (w/o LNB or FGR)

0.164
0.127
0.154
0.118
0.125

not available
not available
not available
not available
not available

0.000
0.012
0.014
0.012
0.003

0.000
0.000
0.000
0.002
0.150

Chicken Fat, blended 6, uncontrolled
Yellow Grease, blended 6, uncontrolled
Choice White Grease, blended 6, uncontrolled
Tallow, blended 6, uncontrolled
Chicken Fat, blended 6, controlled w. FGR 7
Yellow Grease, blended 6, controlled w. FGR 7
Choice White Grease, blended 6, controlled w. FGR 7
Tallow, blended 6, controlled w. FGR 7

0.137
0.122
0.144
0.129
0.125
0.109
0.138
0.125

not available
not available
not available
not available
not available
not available
not available
not available

0.008
not available
0.012
0.008
0.014
not available
0.033
0.008

0.124
0.034
0.119
0.102
0.138
0.083
0.188
0.119

US EPA Emission Factors for Criteria Pollutants (boilers > 100 MMBtu/hr heat input) 3, 4
No. 2 Fuel Oil fired, controlled with FGR
0.071
0.014
Natural Gas fired, controlled with FGR
0.098
0.002

0.036
0.082

0.393
0.000

No. 2 Fuel Oil fired, uncontrolled (w/o LNB or FGR)
Natural Gas fired, uncontrolled (w/o LNB or FGR)

0.036
0.082

0.393
0.000

Fuel & Firing Condition

1
2
3
4
5
6
7

0.171
0.186

0.014
0.002

Advanced Air Consultants, Murrayville, GA								
Emissions data have been estimated using the test results from Advanced Air Consultants and ENERAC 3000E testing.
US EPA Fifth Edition 1995, with Supplements: A (1996), B ( 1996), D (1998), and E (1998)
The UGA No. 2 Boiler Operating Permit is based upon a 130 MMBtu/hr heat input.
SO2 emissions data have been reviewed in report Section 5.5, Discussion.
All blended fuels consist of 33% biofuel and 67% No. 2 fuel oil.
The FGR system was limited to 7% - 10% flue gas recirculation, see report Section 3.4.
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Developments in BDI – BioDiesel
Technology
Edgar AHN, Christina BOIGER, BDI – BioDiesel International AG, Austria / Europe

1. Introduction
BDI – BioDiesel International AG specialises in
the engineering of plants for the processing of
renewable resources. The one business sector
that is a mainstay of the company’s operations is
the development of optimised processes for the
production of a biodegradable, environmentally
friendly fuel for Diesel engines (”BioDiesel”) from
vegetable and animal fats and oils.
During the last 20 years, BDI and its researcher
have initiated many innovations in the field of
BioDiesel production and thereby established
BDI’s unique position as technological worldmarket leader.

1.1 BDIs – Business Activities
BDI - BioDiesel International AG provides
solutions for the industrial utilisation of renewable
resources. The core-competences are technologies
for the production of high-quality BioDiesel:
• from different types of feedstock
• surpassing the strictest product quality

standards
• in an environmental friendly way
• with the best cost-value ratio.

As the market- and technology leader for building
tailor-made and turn-key Multi-Feedstock BioDiesel
plants BDI offers world-wide single source:
• Research, Development, Consulting
• Project development, Management of Financing

and Funding
• Authority-, Basic and Detail-Engineering
• Erection and Start-up
• After-Sales Services.

So far, BDI has successfully installed world-wide 15
BioDiesel factories, another 13 plants are currently
under start-up, construction or engineering.

1.2 Single- vs. Multi-Feedstock
BDI divides its plant design portfolio basically into
2 major different plant concepts:
• Single-Feedstock plant concept
• Multi-Feedstock plan concept

In a BDI Single-Feedstock plant fresh vegetable
oils (e.g. rapeseed oil, soybean oil, sunflower oil)
are transferred into high-quality BioDiesel. Hereby,
the quality of the raw material is only limited to
de-gummed and de-waxed vegetable oils. Because
of the superior flexibility of the BDI process
technology the separation of the free fatty acids
out of crude vegetable oils is not necessary before
BioDiesel production. In the opposite, these free
fatty acids (which can account for up to 2% of
the feedstock) will also be transformed without
losses into BioDiesel. This leads to a significant
increase in overall BioDiesel yield – and profit
– compared to competing biodiesel production
technologies, where the free fatty acids are lost
during preliminary feedstock preparation.
The BDI-Multi-Feedstock technology offers in
addition the possibility to use low quality – and
therefore low-price – feedstock, like used cooking
oil (UCO), animal fat or trap grease, for high-quality
BioDiesel production.
Every year many millions of tonnes of used
cooking oils are collected and used in a variety
of ways throughout the world. This is a virtually
inexhaustible source of energy.
The debates over mad cow disease have drawn
greater attention to another possible raw
material for BioDiesel production: animal fats.
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Experts believe that the conventional methods
of processing could be challenged. Utilisation for
high-quality, high-performance BioDiesel fuel is an
attractive alternative.
The BDI-Multi-Feedstock technology provides the
solution for profitable “disposing” of these waste
material in the most ecological and economical
way. Since many years several industrial scale BDIMulti Feedstock plants all over the world prove that
the production of BioDiesel, fulfilling the strictest
quality standards (like the EN 14214), out of
difficult, low-grade feedstock is technical feasible
and most profitable.
But BDI is not limited to these 2 plant concepts.
It is one of the great strength of BDI to be able
to provide tailor-made plant design solutions,
fulfilling the special needs and requirements of
each single customer. So special design solutions
for feedstock like Jathropha curcas or crude palm
oil are also available.
For detailed information about BDIs activities|
and its reference plants please refer to
www.bdi-biodiesel.com.

2.	Development of BDI BioDiesel
process
The 2 consecutive oil crises in Europe in the 70s
with their dramatic effects on our daily life initiated
many research activities in the field of alternative
fuels all over Europe.
In particular in the early beginning of the 80s,
Prof. Martin Mittelbach form the Institute of
Chemistry (Karl-Franzens-University Graz /
Austria) was the first to start investigating the
possibility of producing a diesel substitute from
vegetable oils. Based on the chemical reaction
“transesterification” he originally produced
fatty acid methyl esters from rapeseed oils.
Following the first successes he started very early
investigating the use of “unusual” feedstock like
used cooking oil.
The foresighted forerunner of BDI-BioDiesel
International AG, the company Vogel & Noot,
started its cooperation with Prof. Mittelbach in the
year 1988 with the goal to create a new process
for the industrial production of biodiesel out of
vegetable oils. As the main customers for this
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technology were expected to come from agriculture
further requirements were defined:
• Easy process, preferably at ambient

temperature and normal pressure.
• No toxic or dangerous chemicals used during

production.
• No waste generated during production.
• Side-products should be saleable or at least

usable in agriculture.
In addition to the development of the chemical
basics for the production of BioDiesel, first
scale-up tests were carried out by BDI in close
cooperation with the Institute of Chemical
Engineering and Environmental Technology
at the University of Technology Graz to deliver
the necessary technical data for the successful
engineering of an industrial process for the
production of BioDiesel.
With the first “large” quantities of BioDiesel
available specialists from the Institute of Internal
Combustion Engines and Thermodynamics of
the University of Technology Graz carried out
engine performance and emission tests in regular
diesel engines and compared them with results
from mineral oil diesel tests, proving the striking
environmental advantages of BioDiesel.
These tests became the basis for the creation
of the world-wide first BioDiesel fuel quality
standard, the Austrian ÖNORM C1190 in 1991.
Eventually in 1991, BDI built the world-wide
first industrial-scale BioDiesel production plant
(Mureck/A).
The installed capacity initially was 1.000 ton/
year. The tailor-made concept for the customer
– an agricultural cooperation – included a cold
pressing unit and a BioDiesel production unit. The
members of the cooperative (approx. 600 farmers)
deliver the rapeseed to the plant, which is cold
pressed and directly transferred to the BioDiesel
production unit. Each farmer is allowed, based
on the amount of rapeseed delivered, to receive a
corresponding amount of BioDiesel and press cake
(as animal feed).
In the original plant concept the side-product of
the BioDiesel production – glycerine phase – was
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used without further preparation as a fertilizer
component. Later-on this glycerine phase was
used as feedstock for composting or biogas
production.
The produced BioDiesel quality fulfilled the
strictest quality standard of that time – the
Austrian BioDiesel standard ÖNORM C1190. Ever
since, it has become a strict company law at
BDI-BioDiesel International AG that the BioDiesel
produced in a BDI-plant always has to fulfil the
strictest fuel quality standard in force and that the
production of low quality biodiesel is under no
circumstances acceptable.
Only one year later, in 1992, BDI built a 15 times
larger BioDiesel plant in Bruck a.d.L. in Austria with
an improved plant concept.
Starting from de-gummed rapeseed oil as
feedstock, coming from the nearby situated oil
mill, BDI accomplished to up-grade the glycerine
product stream to pharmaceutical grade. New
process steps were developed allowing the
recycling of free fatty acids – created during
glycerine purification – into the BioDiesel
production and thereby increasing the overall
BioDiesel output. This specially developed process
steps enabled BDI to guarantee a 100% yield in
Single-Feedstock plants for BioDiesel production,
an advantage which is still unsurpassed by
competitive technologies.
In the early 90s the economic circumstances for
BioDiesel production worsen. Vegetable oil prices
reached a high level, whereas mineral oil diesel
price dropped.
In close cooperation with its research partners
from the Universities of Graz BDI improved its
technology in that way that new, low-quality
feedstock – like used cooking oil – could be used
for the production of high-quality BioDiesel. As the
feedstock cost account for up to 80% of the overall
production cost this new BDI technology enabled
BioDiesel producers to stay profitable also under
difficult economic circumstances.
As early as 1994, BDI built the first Multi-Feedstock
BioDiesel plant in the world, using mainly used
cooking oil as source for BioDiesel production.
The newly developed ecological and profitable
way of usage for used cooking oil triggered many

initiatives on local and national level in Austria to
increase the efforts to collect used cooking oil or
used frying oil.
Thereby, the production of BioDiesel from used
cooking oil became an indispensable, safe route of
waste management in Europe.
But BDI did not stop its efforts to broaden its
feedstock specifications for high-quality BioDiesel
production in order to increase the profitability of
its process and to stay ahead of competitors.
As early as 1998 BDI successfully built and put
into operation the world-wide first BioDiesel plant
using solely animal fat as raw material. As all other
plants built so far by BDI, this plant - built for a
renown rendering company in Kentucky/USA - still
is in operation, producing on full capacity since
nearly 10 years.
It took the European rendering business nearly 3
years to follow the American example. But with the
installation of Europe’s first animal fat BioDiesel
plant in Malchin/Germany in 2001 BDI succeeded
again to set an important milestone in BioDiesel
history. Since the successful installation of its
first animal fat BioDiesel plant BDI had constantly
improved its Multi-Feedstock system and was
well-prepared for the challenge given by the
new stringent quality standard DIN 51606, and
subsequently by the strictest BioDiesel quality
standard, the European standard EN 14214.
Following the “old” tradition of BDI, that no waste
should be generated during BioDiesel production,
the additional side-product from the newly
developed methyl ester distillation system is of
such quality that it can be used as Bioheating oil in
energy generation systems.
BDI Specialists and Research partner were actively
involved in the creation of the European BioDiesel
Standard EN 14214 and recently were invited to
participate - as official members of the European
biofuel technology platform - in the creation
of the future biofuel strategy of the European
Commission.
All these accumulated knowledge of MF-process
was incorporated in BDI Single-Feedstock plants
and therefore BDI can now provide with unrivalled
flexibility for SF-plants. At the basis of 2% FFA,
up to 30% of UCO can be added. Since the year
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2000 BDI attests with various Single-Feedstock,
Advanced-Single-Feedstock and Multi-Feedstock
plants that even when difficult types and qualities
of feedstock are used European standard EN14214
can be fulfilled.
The long-lasting, continuous research efforts of
BDI and its partner in the field of Multi-Feedstock
BioDiesel technology were honoured by the
European Commission in that way that BDI was
awarded to built the official demonstration plant
for the production of BioDiesel out of animal fat
and used cooking oil in Motherwell/Scotland.
Furthermore, the BDI-Process is the only BioDiesel
technology which is officially approved by EUregulation (EU-Directive EC92/2005) as an
alternative route for the safe treatment of high-risk
fat material (Categorie 1).

3. The future of BDI BioDiesel
process
A fact which has bothered the BioDiesel research
community since the very beginning was that
the mainly alkaline catalysts used in industrial
biodiesel production are not really catalysts. From
a chemical viewpoint per definition a catalyst
should not participate in the reaction it triggers
and should not be affected or used by the reaction.
BDIs new process, the RepCat-Process
substantially improves the BDI- Multi-Feedstock
technology by using a reusable catalyst:
• BioDiesel quality is further upgraded
• Production costs are lower
• By-product glycerine is of highest quality
The new RepCat-Process has been designed
especially for Multi-Feedstock plants. The
generated fuel – like any BioDiesel stemming
from BDI plants - not only easily meets but even
surpasses the worldwide strictest BioDiesel quality
standard, the European EN 14214. Profitability
is further increased, because the quality of the
by-product glycerine has been improved to a
minimum of 96% glycerine content with the new
technology (as compared to a current minimum of
80% with other BDI Multi-Feedstock plants).
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Another novelty, compared to all other industrially
processes applied so far, is that by complete
recycling of the catalyst, an absolute salt-free
glycerine quality is gained. This fact makes the
glycerine produced such way a highly demanded
raw material for numerous applications in different
sectors of industry.
Thus, BDI remains in a “Pole Position” in the world
market and even extends its lead.
Based on its long-lasting experience in the field
of research, process development and scale-up
BDI has expanded its research activities into the
following business fields:
• BioDiesel from Algae
• Alternative use for glycerine
• Biomass-to-Liquid fuel production
• Bioplastics

But the basic company philosophy – to create
valuable products out of waste material in the
most economic and environmentally friendly
way – figures the main ambition of all research
and development activities of BDI – BioDiesel
International AG.

Application of reactive distillation to
produce methyl esters from tallow
Tissa Fernando*, Praveen Bhagat* and Brian Earl@, *Flo-Dry Engineering Ltd,
Auckland, New Zealand, @University of Canterbury, Christchurch, New Zealand

1. Background
Tallows are generally regarded as one of the
‘cheaper’ fats. Over the last 30 - 40 years the
average price of tallow has not increased even with
inflation.
Up to about 1990, edible tallows, especially beef
tallows, enjoyed a favoured status as ‘edible fats’
and even McDonalds used tallow to make their
fries with the characteristic beef flavour. However,
in more recent years tallow has been downgraded
for edible purposes, due to its largely saturated
fat content and vegetable oils which contain more
unsaturated fats have tended to replace edible
tallow. This has left a small market for tallow and
consequently the prices for tallow have dropped to
an average price of $400 to $500/t range over the
last few years.
During the last 30 years, researchers have striven
to convert tallow to other chemical products such
as methyl esters (biodiesel) and derivatives of
methyl esters with the object of converting tallow
from a low value commodity product to a higher
value chemical feedstock. Various oleochemical
derivatives can be produced from tallow. Some of
these such as fatty acids and fatty alcohols derived
from tallow have found niche markets but the large
bulk of tallow has been traded as a commodity for
soap making, stock feed and for edible purposes.

• Provides a market for excess production of
vegetable oil and animal fat.
• Can reduce a producing country’s dependence
on imported petroleum fuel.
• Biodiesel being renewable, does not contribute
to global warming due to its closed carbon
cycle. Life cycle analysis of biodiesel shows
that overall CO2 emissions are reduced by 78%
compared with petroleum-based diesel fuel.
• Biodiesel, compared to petroleum diesel, is
non-toxic and biodegradable, and can break
down by 98% during the first 21 days of a spill.
Petroleum diesel will biodegrade by only 50 %
during the same period.
• Biodiesel, being an oxygenated fuel, is a better
diesel fuel than petroleum diesel because
it has a higher cetane number, is cleaner
burning, producing lower exhaust emissions of
carbon monoxide, unburned hydrocarbons and
particulates than does petroleum diesel.
• Biodiesel blended with petroleum diesel in
an amount of only 1–2% can improve the
lubricating properties of the fuel. Thus a
modern ultra-low-sulfur diesel fuel will have
much improved lubricity if it includes biodiesel.

Over the last decade, ‘renewable energies’ or
‘greener energies’ have become popular and
especially in Europe there has been a thrust to
convert tallow (and vegetable oils) to methyl esters
which are sold as biodiesel. Methyl esters from
tallow are often called Tallow Methyl Esters (TME).
Although biodiesel cannot entirely replace
petroleum-based diesel fuel, there are distinct
advantages that justify biodiesel’s remarkable
development.
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Figure-1 Transesterification reaction
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R1, R2 and R3 are long hydrocarbon chains, sometimes called fatty acid chains. In tallow the
predominant chains are: Palmitic, Stearic, Oleic, Linoleic and Linolenic

2. Chemistry of biodiesel
production
The chemical transformation of tallow consisting of
triglycerides to methyl esters are shown in figure1:
Most of the processes for biodiesel production
(developed in the early 1940s) use alkaline or
acidic catalysts. Glycerol separates naturally from
the methyl esters because it is largely insoluble
in these, and since it has a much higher density,
is easily separated. The crude methyl esters are
washed with slightly acidic water to neutralize
alkaline catalyst and remove residues of glycerol
and methanol..
A typical process uses about twice the theoretical
amount of alcohol, such as methanol, containing
0.1 to 0.5% sodium or potassium hydroxide, to
react with oil or fat at around 80°C. This process
results in 98% conversion to methyl esters and
high-quality glycerol. Only a part of the alcohol and
catalyst are added at the start of each step, and
the glycerol is removed at the end of each step.
The order of the reaction changes with the reaction
conditions. The completion of the reaction
depends on multiple parameters including the
methanol-to-tallow ratio, catalysts, temperature,
reaction time, and the quality of the feedstock. The
use of excess methanol also drives the equilibrium
towards the product and is an effective means of
reaction rate enhancement. This excess methanol
remaining in the reaction products after reaction
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must be recovered and purified for reuse. Most
of the existing processes recover the excess
methanol from the product mixture after the
reaction. Reaction times of 30 ~ 120 minutes and
operating temperatures of 20~80°C are typical for
batch operation.
Commercial biodiesel producers use alkalicatalyzed processes for batch/semi-continuous
transesterification reactions, other approaches
have also been used, including acid catalysis for
high FFA feedstock and enzymes.
The basic advantages of a continuous-flow process
include:
• Greater productivity
• Lower operating cost
• Lower labour costs
• More consistent product quality.
Continuous transesterification of oils/fats to monoalkyl esters was proposed as early as the 1940s but
most producers still use batch processing.
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Figure-2 ‘RD Biodiesel Process’
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3. Reactive distillation
Reactive distillation (RD) to convert tallow to
methyl esters has been researched over the last
year by Flo-Dry Engineering Ltd.
RD is a chemical unit operation in which
chemical reactions and product separations
occur simultaneously in one unit. It is, for many
reactions an effective alternative to the classical
combination of reactor and separation units,
especially when reversible or consecutive chemical
reactions are involved. As shown in Figure 2, The
RD Biodiesel Process is a continuous, compact
process system with fast reaction rates.
Initial experiments were carried out on a
laboratory–scale, with the RD reactor capable of
producing 10 to 20 litres/hour of biodiesel.
Based on the laboratory–scale results, a
demonstration plant with a capacity of 1000
l/h was designed and has been commissioned
recently.

sodium methoxide as the base catalyst, tallow was
converted to biodiesel with properties summarized
in Table 1.
The main factors that affected the reaction rate
were:
• Moisture, impurities and unsaponifiables (or
MIU) of tallow must all be low– Moisture affects
the reaction rate adversely. It is important that
the MIU of the tallow is less than 1%
• FFA should be below 4%. FFA values higher than
4% result in reduced yields of biodiesel and the
reaction rate is also reduced.
• Temperature in the RD reactor. Reboiler
temperature could be in the range 95°C to
150°C.
• The above parameters were the dominant
factors that affected reaction times. Reaction
times between 3 and 10 minutes were achieved
(compare with 30 minutes to 120 minutes
required for batch processes)

Experimental results confirmed that when using
a molar ratio of methanol to tallow of 6:1, and
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Table 1 test results from rd tallow biodiesel
TALLOW RAW MATERIAL

STANDARD/TEST
For BIODIESEL

TALLOW A

TALLOW B

TALLOW C

0.88 - 0.88

0.87 - 0.89

0.88

0.85 - 0.86

0.84 - 0.88

0.83

<0.1

0.66 - 1.41

4.0

95 - 102

96 - 100

88

Tallow

1.47

1.48

ND

Biodiesel

1.44

1.44 - 1.45

ND

Density (at 40°C, gm/ml)
Tallow
Biodiesel

Varies considerably from oil to oil as well
as the temperature of the sample and the
amount of contaminants in the biodiesel
such as methanol and soap.

% FFA in Tallow
Yield, %
Refractive Index

Methanol Test(27/3 test)

Biodiesel should be fully in methanol,
forming a clear bright solution. Impurities
show up as undissolved material.

PASSED

PASSED

PASSED

Water Test

Conducted by placing finished biodiesel
in a jar with water and shaking for
10 seconds or more. If the biodiesel
and water separate within 30 minutes
regardless of the colour or clarity of either
the biodiesel or the water it is normally of
high quality.

PASSED

PASSED

PASSED

Viscosity, cSt

Higher viscosity biodiesel will contain
more un-reacted and partially reacted raw
material than lower viscosity biodiesel.
28 - 34

27.3 - 37.2

28.5

3.6 - 4.0

2.25 - 4.0

4.0

0.5 - 0.7

0.3 - 0.7

0.7

Tallow (at 60 °c )
Biodiesel (at 40°c )

Acid Value,

2.0 - 6.0
Measures the level of free fatty acids.
Biodiesel with a high acid number
can increase fuel system deposits and
corrosion.

gm KOH/gm, Biodiesel

0.8

4. Conclusions
Reactive Distillation is an effective process for
trans-esterifying tallow (and other fats and oils) to
biodiesel.
Good tallow quality is important in terms of
achieving both high reaction rates and yields.
The continuous and compact features of Reactive
Distillation have the advantage of reducing the
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capital costs and operating costs of a biodiesel
plant and also of producing consistently high
quality biodiesel.

Application of reactive distillation to
produce methyl esters from tallow
Stewart McGlashan. Meat & Livestock Australia

What is Biodiesel?
Biodiesel is a renewable alternative to petrodiesel. It is produced from natural, renewable
resources such as; tallow, vegetable oils, or
recycled restaurant fats and oils. As the name
implies, biodiesel is a diesel-like fuel except that
it is produced from organic material. It’s also safer
for the environment, biodegradable, and produces
significantly less air pollution than petro-diesel
fuel.
Biodiesel is not new. The technology for the
production of biodiesel is well established in
Europe and the USA. The majority of existing plants
are based on the use of canola and soybean oils
as feedstock. The technology for the use of waste
oils and tallows as feedstocks has been a more
recent development that is not as widely adopted.
There is now extensive use of biodiesel worldwide, mainly in diesel engines within the transport
industry, and particularly in Europe and USA. The
primary transport systems are military, local and
state bus fleets, but also included are other local
authority vehicles (e.g. refuse trucks, lorries, vans,
& pick-ups).
ASTM standard D6751 describes the minimum
requirements to classify a fuel as biodiesel.
Biodiesel is a methyl ester derived from combining
oils or fats (vegetable or animal) with methanol.
Biodiesel is generally considered to be a
‘feedstock neutral’ fuel, meaning that the methyl
esters that supply the main heat value are the
same regardless of the source of the raw material
feedstock. Animal-fat based biodiesel has been
shown to be of similar quality to that produced
from vegetable oils.

The biodiesel opportunity for the
rendering industry
The rendering industry has two options to value
add to their product streams. The first is to take
advantage of the increased demand for tallow
from the feed, food or fuel market. The Australian
industry is starting to see the effect of this with
changes to the pricing structure for some grades
of tallow. Tallow prices are currently relatively high
due to the impact of an on-going drought and
additional demand from the biodiesel industry.
A second more challenging opportunity is to
produce biodiesel at the rendering facility.
There are several key issues to consider before
committing to such a venture. Meat and Livestock
Australia and Midfield Meats International have
agreed to conduct a program of research that aims
to discover and overcome technical and regulatory
barriers associated with the manufacture
of biodiesel at a rendering operation. The
presentation will highlight progress made to date.

Issues for tallow derived biodiesel
There are some significant, but not
unsurmountable, technical issues associated with
the production and utilisation of tallow based
biodiesel (fatty acid methyl esters or FAME). The
presentation will highlight some of these issues
and reports research being conducted in Australia
and overseas aimed at overcoming any barriers to
widespread use of FAME in the transport industry.

Cold Filter Plugging Point (CFPP)
Both diesel and biodiesel require either additives
(for example kerosene) or modification in order
to minimise crystal growth in the diesel fuel. Long
chain esters in biodiesel derived from tallow and
recycled fats and oils will start to crystallise at
moderate temperatures (12-15oC). Build-up of
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these crystals can cause disruption of fuel supply
to an engine by blocking fuel filters. The most
accepted method for overcoming this issue is to
chill filter or ‘winterise’ the biodiesel.
There are commercially available additives for the
purpose of CFPP suppression. A survey of these
additives suggests that none are particularly
effective with tallow derived biodiesel. MLA and
there industry partners agreed to commission
research by Flinders’ University to overcome this
problem. The presentation will highlight some of
the outcomes from this research.

Biodiesel processing units
Many of the commercially available processing
plants are designed for seed-oil feedstock. Tallow
quality and variability, such as content of free fatty
acid (FFA), are a considerable technical challenge
for plants that are designed for more consistent
feedstock such as canola and soybean oils. This
inevitability leads to a lower yield of biodiesel, a
larger impurity stream (soaps and unsaponifiable
matter) and quality assurance issues. Experience
to date suggests pre-treatment of the feedstock to
convert the FFA and removal the unsaponifiables is
essential. The Midfield/MLA project has conducted
pilot scale trans-esterification trials to pre-treat
the FFA and increase the yield of biodiesel from a
tallow source. The information developed during
these trials is being used to develop the design
specification for a full scale process unit that will
become part of the tallow pre-treatment process.

Supply chain
The biggest single issue hindering the
development of a bio-fuels industry is getting
the product to the consumer. Ethanol and
biodiesel producers are struggling to obtain offtake agreements with the major oil companies.
Currently state and federal governments are
debating the merit of mandatory inclusions of
biofuels in fuels. The presentation will highlight
what MLA sees pros and cons of enforcing such
inclusions via legislation.
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G-TECH SEPARATION PTY LIMITED
UNIT 24, 7 SALISBURY ROAD,
CASTLE HILL 2154 SYDNEY Ph: 02 9680 8958
Email: sales@gtech-bellmor.co.nz
Website: www.gtech-bellmor.co.nz

Member of ARA

MANUFACTURERS OF CENTRIFUGES,PUMPS, GRINDERS AND MIXERS.
PARTS & SERVICE FOR THE RENDERING INDUSTRY

Head Office:
21 Empire Road, Belfast, Christchurch, NEW ZEALAND

Ph: +64 3 323 6151 Fax: +64 3 323 6152

EXPORTERS OF RENDERED PRODUCTS
MANUFACTURERS AND SUPPLIERS OF VEGETABLE FATS, OILS AND SUGARS
Level 9, 303 Coronation Drive Milton Qld 4064
Tel : 61 (7) 33682011 Fax : 61 (7) 33682044
Email : bob.bolton@kerryaustralia.com.au
www.kerryaustralia.com.au

PROUD SPONSOR OF THE AUSTRALIAN RENDERERS ASSOCIATION
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