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ABSTRACT

Hydrothermal processes are possible attractive components for biorefineries, for converting different
biomass streams into a range of products. This study investigates the environmental performance of a
hydrothermal process plant in Carthage, Missouri under development by Changing World
Technologies (CWT). The plant converts the refuse from Butterball Turkey production into diesel oil,
fertilizer products and carbon. The CWT process is essentially a closed system with few emissions,
avoiding odor problems from the handling and giving products free from pathogens. Life Cycle
Assessment has been used to investigate the overall environmental performance of the process and the
performance of this process is discussed in comparison to other process routes to give the same
products.
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INTRODUCTION

Since the early 1980s biorefineries have been discussed as means to displace fossil hydrocarbon
feedstocks and utilize renewable sources for energy, materials and chemicals [Ng et al, 1983, Kamm
and Kamm, 2004]. The concept was first discussed mainly in terms of biotransformation of material,
but has now developed to consider the use of many sorts of chemical process solutions, including
hydrothermal conversion, to reach the desired goals. A similar enlargement of scope can also be seen
regarding raw materials, from focusing on specific biomass for the purpose of use in a biorefinery into
a broad range of biomass and increased interest in biowaste. It should be remembered that chemical
processes and products will not fit the criteria of sustainability solely because they are based on
biomass, or even biowaste. All proposed processes should be evaluated from an environmental systems
perspective to establish their environmental performance as well as identify possible improvements to
the processes.

Hydrothermal processes are possible attractive components for biorefinery application as they could be
used to convert a variety of wet biomass streams into a range of products. An example of a wet biomass
feedstock is food industry waste. Large flows of material processed by the food industry are not
converted into marketable food products. The hydrothermal conversion process studied in this paper
has been designed to overcome some problems connected to this kind of material flow: odor, the risk of
spreading of pathogens and contaminants (concerns over the possible propagation of Mad Cow disease
have emphasized this problem) and low market value of recovered products (often the case with
compost products).

This study investigates the environmental performance of a hydrothermal process plant in Carthage,
Missouri under development by Changing World Technologies (CWT). The plant converts the refuse
from Butterball turkey production into diesel oil, fertilizer products and carbon. It is possible to
incinerate this kind of organic waste, thereby eliminating the risk of spreading pathogens, but water
content makes it a troublesome fuel.

The technology has been developed by CWT and tested in a pilot plant in Pennsylvania [CWT, 2004].
A full scale commercial plant has now been constructed to handle the turkey offal from a ConAgra
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Butterball turkey processing facility in Carthage, Missouri. The process is described by Roberts et al
[2004] and Adams et al [2004]. This study gives a preliminary environmental system evaluation of the
Carthage hydrothermal conversion process, based on this information. Processes to convert organic
waste into liquid fuels have been studied earlier, see e.g. the review given by Zahang et al [1999], but
have often been hampered by low grade of conversion into the desired product or low energy
efficiency.

PROCESS OVERVIEW

The hydrothermal conversion process flow sheet is shown in Figure 1 (see Roberts et al, [2004] and
Adams et al [2004] for further details). The process is divided into two main stages. In the first stage
the feed is pulped into slurry, then pressurized to about 40 bar and heated to the reaction temperature
(200-300°C). The solids are separated and the liquid is flashed to separate water. The non-aqueous
phase is further processed by heat treatment in a second stage reactor (around 500°C). Recovered from
the first stage are a solid phase (minerals) and liquid phase (containing nitrogen), both possible to use
for fertilizing purposes. From the second stage fuel gas, carbon and diesel oil are recovered. The fuel
gas is used for the internal heat needs. The minerals, the liquid containing nitrogen, the carbon and the
diesel oil are all marketable products, but in this preliminary environmental evaluation only the oil has
been considered. The oil is dominated by straight hydrocarbons with a chain length between 15 and 20,
in the shorter range of conventional diesel oil [Roberts et al, 2004]

LIFE CYCLE MODEL OF THE CARTHAGE PLANT

Two benefits of using hydrothermal conversion of food industry waste can be identified immediately:
fewer odors from open processing and transport of non-processed organic waste and sterilized process
outputs minimizing risks for spreading of pathogens. Here, however, the focus is on the environmental
systems performance in terms of impact on global warming, acidification and photo oxidant creation
from the generation of synthetic diesel oil from a renewable feed stock.

In striving towards increased eco-efficiency in society, it is widely recognized that an activity must
bear the burden not only of direct emissions from the activity but also from all directly and indirectly
related activities brought on by its existence. This ‘life cycle thinking” has stimulated the development
of tools to study the total life cycle environmental impact of products or services. Life cycle assessment
(LCA) is a structured way to calculate and evaluate, quantitatively, the environmental load caused by a
product or a service during all phases of its life cycle; the environmental impact from “cradle to grave”.
In an LCA, extraction and transports of raw materials, upgrading of raw materials, actual production
and use of the product, necessary energy requirements and transformations, waste collection and
treatment, etc., are studied in order to determine the total life cycle impact.

In this study, a life cycle approach has been used for a preliminary evaluation of the hydrothermal
process in Carthage, Missouri as waste handling method for food industry organic wastes. An overview
of the systems model is given in Figure 2. The activities are briefly described below.

The CWT TP Carthage box in Figure 2 describes the entire conversion plant and is modeled based on
data from the process simulations use to design the plant, as given by Roberts et al [2004] and Adams
et al [2004]. Feedstock inflows per day to the process are 191 metric tonnes of wet turkey offal, 3.0
tonnes of sulfuric acid and 91.2 MJ of grid electricity. Product outflows per day from the process are
2506 GJ diesel oil, 274 GJ fuel gas, 30.6 tonnes liquid nitrogen fertilizer, 7.5 tonnes mineral fertilizer,
6.1 tonnes carbon and 79.9 m® waste water. Of the outflows the use of the two fertilizer products and
the carbon have not been followed downstream further than transport of the products from the plant.

Sulfuric acid is assumed to be produced from a mix of mined virgin sulfur (60%) and sulfur from
desulphurization of oil at refineries (40%) [Greshick et al, 1998]. The latter form of sulfur has been
considered a residual product, and no environmental impacts from the crude oil processing have been
included. Sulfuric acid production is an exothermic process, creating surplus heat. No beneficial use of
this heat has been included. The grid electricity from the local utility used by the Carthage plant are
generated from coal and nuclear plants; around 96% from coal condensing power and around 4% from
nuclear power [Adams, 2004]. The environmental impact has been described under the assumption of a
9% grid loss [Frees et al, 1998; Brannstrom-Norberg et al, 1996].
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The fuel gas produced is a mixture of methane, carbon monoxide, carbon dioxide and low molecular-
weight hydrocarbons. The fuel gas is used internally, covering the heat need of the hydrothermal
process. The plant is predicted to generate a surplus of fuel gas, but here all gas is assumed to be used
internally. Again this can be seen as a worst case scenario. The combustion of the fuel gas has been
described by emission factors for combustion of LPG [Corinair, 1996], but the carbon dioxide
produced is regarded as of biologic and not fossil origin.

In more conventional turkey processing waste treatment, the turkey offal is subjected to dehydration
and fat removal to transform it into meat and bone meal, which is then used as animal feed. This
process is known as rendering. Our study has been expanded to take into account this process that now
is avoided by instead using CWT hydrothermal conversion. The model system is also expanded to
include the animal feed production that is necessary to make up for the meat and bone meal that no
longer is produced. The avoided rendering process is described according to UNEP [2000] and
Nielsen [2003]. The animal feed that now is necessary to produce by other means is assumed to be
based on soybeans, which gives a similar protein contents in the feed. The feed production process is
described according to Hospido et al [2003] and Nielsen [2003b]. For the agricultural production of the
necessary soybeans, average data for fertilizer and fuel use in seven states in the US have been used
[Kim and Dale, 2004]. It could be argued that there should not be any system expansion for animal feed
production, e.g. if meat food processing waste by reasons of food safety precautions should be phased
out anyway, but in this study we have chosen to include these activities.

The outflows of fertilizers and carbon represent useful and marketable products. However, no system
expansion has been made to take into account the benefits from these products. Transport of these
products to use has been included as a 250 km transport with a light truck (tailpipe emissions [NTM,
1998] and environmental impacts from diesel oil production [Frischkknecht et al, 1994] have been
included).

The waste water is sent to a municipal waste water treatment plant. The environmental impacts from
the waste water treatment have in this screening evaluation been described with an approximate
electricity use for waste water treatment, based on Dennison et al [1998]. No other impacts from waste
water treatment have been accounted for.

The thermal conversion diesel oil acts as a drop-in substitute for conventional diesel oil. In the model
this flow is used to generate the avoided emissions from production of an equivalent amount of
conventional diesel oil production based on energy content as well as the carbon dioxide emissions that
are avoided when diesel derived from a renewable source is used compared to fossil diesel
[Frischkknecht et al, 1994]. This serves to give an understanding of the magnitude of the
environmental impacts caused by hydrothermal conversion of the turkey wastes. Furthermore, the
diesel oil produced from the hydrothermal conversion process has a composition that might give a
cleaner combustion compared to conventional diesel oil, since the slightly shorter chain length of the
hydrocarbons can be assumed to give less particle formation, but no such beneficial effects have been
included in the present study.

RESULTS AND DISCUSSION

The summarized emissions from the activities described in the environmental systems model have been
characterized into global warming potential, acidification potential and photo oxidant creation potential
[Hauschild and Wenzel, 1998].

In Figure 3 the modeled impact on global warming from processing of one wet tonne of turkey offal is
given in kg of carbon dioxide equivalents. The production of the electricity used in the process is
clearly of importance, and it would be beneficial to investigate if it is possible to further optimize the
process to lower the electricity use. The second largest impact occurs from the agricultural production
of soybeans as alternative to the animal feed no longer produced from the turkey offal. The global
warming impact from the model of the agricultural production of soybeans originates to a large extent
from the production and use of nitrogen fertilizer. In Figure 3 the impact from each activity is divided
into the species of emissions generating the global warming potential. The main species contributing to
global warming are carbon dioxide and, for the soybean production, nitrous oxide. The nitrous oxide is
generated partly in the production of the nitrogen fertilizer and partly from soil microbial
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transformation of added fertilizer nitrogen (1.5% of added nitrogen is transformed into nitrous oxide
[Kim and Dale, 2004]). The result indicates that if crops are grown specifically for use in biorefineries
it will be important to optimize the environmental performance of the feed generation; it is not enough
to rely on a renewable feedstock, renewable resources must also be managed in a sustainable manner.

Figure 4 gives the results for global warming impact when also taking into account the avoided
conventional diesel production and the fossil carbon dioxide emissions which are avoided by displacing
conventional diesel with non-fossil diesel. The avoided impacts from these processes are clearly
dominating the picture.

In Figure 5 the acidification potential for the investigated system is shown, and the outcome is similar
to that of the global warming characterization.

In Figure 6 the photo oxidant creation potential for the investigated system is shown. The outcome is
totally dominated by the emissions of volatile organic compounds avoided from conventional diesel
production (extraction and refining). The animal feed production gives an impact, mainly connected to
diesel use in agricultural production of soybeans.

The outflows from the hydrothermal process are sterile. The process conditions are such that even
relatively heat-stabile infectious materials like prions can be expected to be destroyed [Casolari, 1998].
This is a beneficial outcome that is not covered by characterizations into global warming, acidification
and photo oxidant creation potentials. The production of other useful materials, fertilizers and carbon,
can be compared in terms of global warming and acidification potentials but this part of the system has
not yet been studied.

The environmental impacts from generating the turkey offal have not been included in the study, but
allocated to the production of turkey food items. Thus, the results from this study does not implicate
that increased poultry production is a good way to generate all diesel needed in society, but that
hydrothermal conversion as a way to handle waste from food processing industry comes out positively
in this screening life cycle assessment.

The environmental systems performance of hydrothermal conversion of organic waste should be
studied further to describe the system in detail, to refine the description of animal feed production and
to include the fertilizer and carbon by-products in the investigated system. In future work more
environmental impact categories should be investigated to get a more detailed understanding of
benefits and drawbacks of the process.

CONCLUSIONS

The importance of evaluating environmental performance for new and proposed processes from a
systems perspective has been emphasized. This is particularly relevant to processes that have
significant feedstock and energy requirements where large impacts may occur from processes outside
the boundaries of the chemical process plant itself. The use of combinations of hydrothermal processes
seems to have a role in future biorefineries. In this screening life cycle assessment study hydrothermal
conversion of turkey offal into diesel oil comes out beneficial regarding global warming potential,
acidification potential and photo oxidant creation potential. When considering biomass as a renewable
feedstock for a more sustainable chemical industry it is important to also environmentally optimize
biomass production and agricultural processes. For a total evaluation of the CWT hydrothermal system
further refinements are needed to describe the utilization of all products.

ACKNOWLEDGEMENT

We would like to thank Terry Adams and Brian Appel of Changing World Technologies, Inc., for
sharing information on the Carthage plant and for the many open discussions during the project. We
also gratefully acknowledge economic support for this study from the Knut and Alice Wallenberg
foundation, the Society for Energy and Environmental Research (SEER) and from the US Department
of Energy (DOE) under the award DE-FG36-04G014268. Economic support does not constitute an
endorsement by the DOE or any of the other funding agencies of the views expressed in this research

paper.

Page 4



Froling, Peterson, Tester

REFERENCES

Adams, T., Appel, B., Samson, P.J., Roberts, M., 2004, Converting Turkey Offal into Bio-Derived
Hydrocarbon Oil with CWT Thermal Process. In: Power-Gen Renewable Energy Conference, Las
Vegas, Nevada, USA, March 1-3, 2004.

Adams, T., 2004, Personal communication, Changing World Technologies, West Hempstead, NY,
USA.

Brénnstrom-Norberg, B.-M., Dethlefsen, U., Johansson, R., Setterwall, C., Tunbrant, S., 1996, Life-
Cycle Assessment for Vattenfall's Electricity Generation, Summary Report. Vattenfall AB, SE-162 87
Stockholm, Sweden. As cited in CIT (2003).

Casolari, A., 1998, Heat resistance of prions and food processing, Food Microbiology, 15, 59-63.

CIT, 2003, Energy&TrpDatabase-CIT 3g, Database for Life Cycle Inventory Tool LCAIT 4.0,
Available from: Chalmers Industriteknik, CIT-Ekologik, Géteborg, Sweden.

CORINAIR, 1996, The EMEP/CORINAIR Atmospheric Emission Inventory Guidebook (CORINAIR
90), European Environment Agency, Kebenhavn, Denmark. As cited in CIT (2003).

CWT, 2004, Changing World Technologies, West Hempstead, NY, USA
<http://www.changingworldtech.com>

Dennison, F.J., Azapagic, A., Clift, R., Colbourn, J.S., 1998, Assessing management options for waste
water treatment works in the context of life cycle assessment, Water Science and Technology, Vol 38,
No 11, pp 23-30.

Frees, N., Pedersen Widema, B., 1998, Life Cycle Assessment of Packaging Systems for Beer and Soft
Drinks, Energy and Transport Scenarios. Report for Danish Environmental Protection Agency.
Institute for Product Development, Kgbenhavn, Denmark, 1998. As cited in CIT (2003).

Frischknecht, R., Hofstetter, P., Knoepel, I., Meenard, M., Dones, R., and Zollinger, E., 1994,
Okoinventare fiir Energiesysteme, Bundesamt fiir Energiewirtschaft, Zirich, Switzerland, 1994. As
cited in CIT (2003)..

Greschik, A., Haglund, C., Swahn, M. and Werner, L. 1998, Production of dicalcium phosphate (report
written in Swedish: Produktion av dikalciumfosfat, DCP). Project report. Department of Technical
Chemistry. Chalmers University of Technology, Goteborg, Sweden, 1998.

Hauschild, M. Wentzel, H., 1998, Environmental assessment of products, Volume 2: Scientific
background, Chapman&Hall, London, UK.

Hospido, A., Moreira, M.T. and Feijoo, G., 2003, Simplified life cycle assessment of galician milk
production, International Diary Journal, 13, pp783-796.

Kamm, B., Kamm, M., 2004, Principles of biorefineries, Applied Microbiological Biotechnology, 64,
pp 137-145

Kim, S., Dale, B., 2004, Cumulative energy and global warming impact from the production of
biobased products, Journal of Industrial Ecology, 7, No 3-4, pp 147-162.

Nielsen, P., 2003, Bone- blood and meat meal production, Denmark 1999-2000. Report from 2.-0LCA
Consultants, Denmark. Available at <www.lcafood.dk>.

Nielsen, P., 2003, Livestock feed production, Denmark 2001. Report from 2.-0 LCA Consultants.
Available at <www.Icafood.dk>.

Ng, T.K., Busche, R. M., MacDonald, C. C., Hardy, R. W. F., 1983, Production of feedstock chemicals,
Science, 219 (4585), pp. 733-740.

NTM, 1998, Network for transports and the environment -Emission factors for transports (published in
Swedish), Available at: <www.ntm.a.se>. As cited in CIT (2003).

Roberts, M., Williams, J., Halberstadt, P., Sanders, D., Adams, T., 2004, Animal waste to marketable
products, In: Natural Gas Technologies Conference, Phoenix, Arizona, USA, February 8-11, 2004.

UNEP, 2000, Cleaner production Assessment in Meat Processing. Report prepared by COWI
Consulting Engineers and Planers AS, Denmark. Chapter 3.9 Rendering.

Zhang, Y., Riskowski, G., Funk, T., 1999, Thermochemical conversion of swine manure to produce
fuel and reduce waste, Report to Illinois Council on Food and Agricultural Research, University of
llinois at Urbana-Champaign. Available at: <http://www.age.uiuc.edu/bee/RESEARCH/tcc/tcc.html>

Page 5


http://www.changingworldtech.com/
http://www.lcafood.dk/
http://www.lcafood.dk/
http://www.ntm.a.se/
http://www.age.uiuc.edu/bee/RESEARCH/tcc/tcc.html

FEED « b Other inflows:
1* stage hydro- Sulfuric acid
| thermal reactor Electricity
—» Water
Solid / liquid _ Mineral
separation ” dryer Dry minerals
—> (mineral fertilizer)
o —» Water
Liquid / liquid _ Evaporator
separation g L > Liquid N fertilizer
Water
2" stage hydro- Split > Fuel gas
thermal reactor »
» condenser
— Diesel oil

FIGURES

¢ Carbon

Froling, Peterson, Tester

FIGURE 1 - OUTLINE OF THE HYDROTHERMAL CONVERSION PROCESSING OF TURKEY OFFAL INTO
DIESEL OIL, ADAPTED FROM ROBERTS ET AL [2004].
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