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1.

Abstract - Summarize the research and its essential qualities including a clear
statement on the purpose of the research.

The purpose of the project is to demonstrate innovative technologies to utilize and treat
wastewater streams. Specifically, research will be conducted to optimize processes and develop
demo systems for converting oily scum, sludge, and centrate to renewable bio-fuels. The
essential qualities of the proposed research lie in the following features: (1) the project
appropriately and timely addresses the needs of wastewater treatment industry to utilize various
waste streams for renewable fuels and energy production, to reduce environment impact and
treatment cost; (2) the project is largely built on the excellent outcomes from the previous
research funded by LCCMR and others; (3) the project involves strong academic and industry
partnership; and (4) the project is loaded with high impact and achievable objectives. The
success of the project is expected to reduce landfill, improve water quality, reduce GHG
emission, produce renewable energy, create revenue for wastewater treatment operators, and
lower the overall wastewater treatment costs.
2.

Background - Provide the basic information and other relevant work that are the
context for this research.

Significance/impacts of the project
Minnesota municipal wastewater treatment plants (MWTP) generate large amounts of
oily scum, concentrated liquid (also called “centrate”), and sludge each year. For example, each
year, the 7 Metropolitan Council Environment Services (MCES) MWTPs treat more than
100,000 million gallons of wastewater and at the same time generate 1,000 tons of scum, 500
million gallons of centrate, and 85 million kg of dry sludge. These waste streams are either used
as landfill (scum) and direct burning (sludge), or subjected to additional treatment (centrate).
New technologies, developed by UMN researchers led by Dr. Ruan through several projects
funded by federal and state grants, especially two ENRTF grants, can help capture the values
from and lower the treatment costs for these waste streams (Figure 1). The goal of the project is
to demonstrate the feasibility and effectiveness of implementing innovative technologies in
municipal wastewater treatment plants. This project is expected to generate significant impacts
including: (1) producing significant amounts of renewable energy for internal use or distributed
to the market. About 5 million gallons of biofuels and similar quantity of other biochemicals
could be produced from the waste streams in MCES’ facilities alone; (2) generating considerable
revenues. Estimated potential annual revenue of $20 million could be generated from the fuels
and other chemicals derived from scum, centrate, and sludge in these facilities; (3) improving
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wastewater treatment efficiency and cost effectiveness. The waste streams are effectively treated
while they are converted to renewable energy; utilization of scum results in hundreds of
thousands of dollars savings in landfill cost; algae are more effective than current processes in
removing low level phosphorus; and (4) reducing environment pollutants. Landfill and fossil
fuel and coal use will be significantly reduced; algae will sequester a large amount of carbons;
CO 2 emission from sludge burning will be reduced.
Currently, there are approximately 20,000 municipal wastewater treatment facilities operating in
the US serving 226.4 million people (CSS, 2013). Many wastewater facilities are in the midst of
a financial struggle, and face lower revenues combined with the potential of increasing costs
(Menendez, 2010). This scum-to-biodiesel conversion could not only bring them economic
benefit but greatly reduce environmental impact. Take the wastewater treatment plant at St. Paul,
MN (Metro Plant) as an example, the plant generates 3.5 wet ton scum per day; if all converted
to biodiesel, it could bring $350,000/year revenue and save $100,000 landfill fee/year to the
Metro Plant. This is an attractive financially sound and environmentally friendly approach to
solving the scum problem.

Figure 1. A comparison of waste stream pathways between the current and proposed new
technologies.

Technical background
Scum to biodiesel technology
Scum is the floatable materials skimmed from the surface of primary and secondary settling
tanks of the wastewater treatment plant. It contains grease, vegetable and mineral oil, animal fats,
waxes, soaps, food wastes, plastic materials and other impurities. High energy content was found
in scum that could be recycled and reused. In our lab study, it was found at least 60% of the dry
matter of the scum can be converted to high quality biodiesel (Figure 2). The concept of
converting scum to biodiesel is easy to prove; however, there are several process steps which
must be taken to deal with the physical and chemical properties of the scum unique to a
wastewater source. For example, we need to develop and optimize (1) a cost effective dewatering
process that can be incorporated with the existing wastewater treatment operations, (2) an oil
extraction and recovery process which is efficient and allows recycling of extraction solvent, and
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(3) a robust conversion process capable of dealing with lipid profiles which are quite different
from that of traditional biodiesel oil feedstock.

Scum

Biodiesel

Glycerol

Figure 2. Converting scum to biodiesel
The main steps in conventional process to convert scum to biodiesel include extraction of
oil from scum, transesterification of scum oil to crude biodiesel, and refining/upgrading
biodiesel. Solvents and catalysts can be recovered and recycled during the process. Since oil
from scum contains high free fatty acids and moisture, the conversion efficiency with a single
transesterification is low, and energy, water, and solvent (methanol) usage is high. Usually a
two-step conversion process, involving a first acid-catalyzed esterification reaction followed by a
second alkaline-catalyzed transesterification reaction, is used. However, current avaialable
technologies are faced with many technical challenges and economic constrains. For example,
the recovery and recycling of methanol, poor contacts between methanol and oil, and reversible
reaction caused by presence of water remain major barriers. The process to be demonstrated in
this project will overcome these barriers and be more energy efficient and thus will be much
more economically viable than the current technologies.
Microalgae technology
The second wastewater stream of interest to this project is “centrate”, which is generated
from centrifuging of activated sludge. Centrate contains highest amount of ammonia nitrogen
and active phosphorus among several wastewaters at different stages in a municipal wastewater
treatment plant, which could be a suitable growth medium for microalgae for the dual purposes
of removing nutrients and obtaining a feedstock for biofuel production.
In projects funded by ENRTF and MCES, we found that centrate is highly adequate for
algae growth with very high removal rates for chemical oxygen demand (COD), nitrogen (N),
and phosphorus (P) (Min et al., 2011). One issue with centrate for algae growth is that there is
insufficient carbon source to support complete utilization and removal of N and P. In this project,
before we develop a demo system, we will investigate the addition of crude glycerol from
biodiesel process to centrate to provide additional carbon source for further removal of N and P.
Crude glycerol was found to be a better additive than pure glycerol because crude glycerol is not
only a carbon source but also contains other nutrients suitable for algal growth. Figure 3 shows
that 0.1 g/L addition of crude glycerol to the culture media almost doubled the growth in a
mixotrophic growth mode.
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Figure 3. Algae growth on culture media supplemented with pure and crude glycerol.

The proposed demo system will be based on the multi- layer hybrid photobioreactors
technology developed through previous ENRTF funded project. This multi-layered structure
(Figure 4) renders the system a very small footprint, and is therefore feasible to co-locate with
wastewater treatment plants where land/space is limited. The open shallow trays significant ly
reduce the impact of wall fouling on light transmission, minimizing maintenance (cleaning)
need.

Figure 4. Pilot scale animal wastewater algae production facility in Rosemount, developed
through previous LCCMR and other projects.
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Fast microwave assisted pyrolysis (fMAP) and fast microwave assisted gasification (fMAG)
technology
The third waste steam of interest to the project is sludge, a solid biomass from primary
and secondary settling processes. The sludge typically contains around 70% organic matter.
Landfilling, land application and incineration are the common disposal processes for sludge. It is
possible and beneficial to capture the energy contained in sludge biomass through
thermochemical conversion because we not only capture the economic value, but also minimize
pollutants associated with sludge. Thermochemical conversion (e.g., pyrolysis and gasification)
of sludge to produce bio-oil, syngas and other products is an attractive solution to the sludge
problems. However, the acceptance of this idea has been limited due to the low economic value
of the products and the relative complexity of the processing equipment. Traditional gasification
operated at temperature around 1,000C may not be able to destroy pollutants and toxic
compounds such as dioxin. Therefore, we must improve the technology to enhance overall
economic viability and environmental friendliness of the technology.
In our previous projects funded by ENRTF, IREE, and federal agencies, we developed
the microwave assisted pyrolysis (MAP) process for converting solid biomass to bio-oil, syngas,
and biochar and successfully demonstrated a mobile MAP system (Figure 5). The disinfected
biochar is a great soil amendment agent which not only provides mineral nutrients but also
improves soil physical and biological properties. The evident technical advantages of microwave
assisted thermochemical conversion over conventional pyrolytic conversion include: uniform
(internal heating), precise heating control (instantaneous response for rapid start-up and
shutdown), ability to handle mixed and large size biomass feedstock, etc.
One of the major breakthroughs achieved in the endeavor to improve the microwave
assisted pyrolysis process is the result of using properly designed microwave absorbents. Our
research found that some microwave absorbents such as silicon carbide (SiC) are excellent in
enabling rapid temperature rise, making fast pyrolysis and gasification feasible and efficient, and
can achieve very efficient high temperature gasification, such as above 1,200C to avoid
hazardous gas emission, therefore eliminating the need of expensive downstream gas treatment.

Figure 5. Pilot scale mobile MAP system developed through previous LCCMR and other
projects; with incorporation of microwave absorbents, it becomes fMAP, a superior fast
thermochemical conversion process.
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3.

Hypothesis - State the premise or propositions set forth to explain and achieve the
described outcome of the research.

There are substantial uncaptured values in several waste streams such as scum, centrate,
and sludge generated in municipal wastewater treatment operations. Converting these waste
streams to liquid fuels, syngas, biochar, and heat is expected to improve the economic outlook of
municipal wastewater treatment operations and at the same time reduce environment pollution.
These the propositions on which we set our project goal, that is, we will develop and demonstrate
technologies enabling the complete utilization and treatment of these waste streams and
generating extra revenue for wastewater treatment operators.
4.

Methodology - Describe the methodology to be employed to carry out the proposed
research. Including descriptions of the sample design(s), if applicable.

Three activities, each with focus on one waste stream, are planned for the project. While
the preparatory R&D and system development activities will be conducted at UMN, MCES
Metro Plant in St. Paul, and FreightMaster/Minnesga Inc in Eagan, the final demonstration will
be conducted in MCES Metro Plant and FreightMaster/Minnesga site. In the second half of the
third year of the project, at least five demonstrations will be made to stakeholders including state
agencies, private investors, academic researchers, and the public. Any intellectual properties and
related revenues as a result of the program will be shared between UMN and LCCMR. The
technologies, if demonstrated successfully, may be implemented to many MWTPs in the State of
Minnesota and beyond.
4.1. Develop and demonstrate scum to biodiesel process and system
Key technical steps to be further developed and optimized for the demonstration include
recovery of oil from scum and conversion of recovered oil to biodiesel crude. We expect the
biodiesel crude can be refined using the refining technology currently available on the market.
For the oil/water/solids separation, mechanical press, oven drying, vacuum evaporation,
solvent extraction, settling with heating, and direct conversion with catalyst, or combination of
these methods will be evaluated for their separation efficiency. In the oil/water separation
process, it is expected that the water can be separated by breaking emulsion and settled with
gravity. This process will avoid the energy consumption for water evaporation during drying
process therefore reduces energy cost.
We will employ a three-step process to convert the oil extracted from scum to biodiesel
crude. The acid-catalyzed esterification is carried out in two steps, and the alkaline-catalyzed
trans-esterification is carried out in one step. A process flow diagram for this process is
illustrated in Figure 6. The unique features and novelty of our three-step process are:
(1)
(2)

The process is designed so that methanol recovery and recycle are maximized while energy
used for recovery is minimized.
Esterification and trans-esterification reactions are significantly enhanced using
hydrodynamic cavitation process. The effective contact area between methanol and oil is
increased almost 10 times and reaction rates are increased 3-4 times.
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(3)
(4)
(5)

A multi- layer distillation tower effectively removes methanol and moisture from biodiesel
crude after trans-esterification.
A compact gravity distillation effectively recovers and refines methanol after Step 1
reaction.
Water usage is minimal and therefore there is minimal wastewater discharge.

Figure 6. Three-step scum oil to biodiesel process to be demonstrated in the project. Crude
biodiesel can be shipped to a commercial refinery. Crude glycerol will be added to centrate to
support algae growth. Wastewater will be treated before discharge.
After limited preparatory R&D, we will develop process parameters scaled to an
estimated capacity of 300 ton biodiesel/year facility. A complete scum to biodiesel production
system will be designed and then bided for contract-fabrication. The system is expected to have
the unique features described above.
4.2. Develop and demonstrate centrate to algae fuel system
As described previously, algae consume carbon source in the centrate quickly while
relatively large amount of N and P remain in the culture broth. In order to completely utilize and
remove N and P from the wastewater to meet discharge standards, carbon source may be
replenished through CO2 bubbling or organic carbon addition. Since our algae strains are
capable of assimilating organic carbons, adding crude glycerol, a byproduct from scum to
biodiesel process, to the culture broth is an attractive option because it is a low cost and energy
density carbon source and promotes mixotrophic growth with growth rates and cell densities.
We will test algae growth patterns at different levels of added crude glycerol, ranging from 0.5 to
5 g/L. An optimal glycerol addition level will be determined based on the growth rate, nutrient
(N and P) removal rate and final concentration, and cultivation time.
Once this experiment is complete, we will combine the finding with those from our
previous research to design a process and a set of parameters for development of the
demonstration system. A multilayer hybrid photobioreactor (PBR) system enclosed in a simple
greenhouse will be designed and fabricated. The PBR system will have a total cultivation volume
of 40,000L. The 3M Building Illumination & Photo Voltiac (BIPV) power modules provided
through a grant from the 3M Foundation will be incorporated into the system to provide power
for pumping and mixing.
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4.3.Develop and demonstrate sludge to bio-fuels system
This objective is to demonstrate a fast microwave assisted conversion system capable of
providing processing conditions to meet fast pyrolysis and high temperature gasification
requirements. While sludge will be the main feedstock, algal biomass harvested from Activity
4.2 can also be processed using this system.
Limited preparatory R&D will be carried out to develop and optimize conversion
processes tailored to wastewater sludge. Primarily we need to determine how sludge variables
such as moisture content and composition will affect the conversion efficiency and product
quality, and how this will affect our process and system design.
Our major effort is to design and fabricate a pilot scale continuous fast microwave
assisted conversion system with capacity estimated at 50 kg/h. The key features of the system is
expected to include fast heating, high temperature, mechanisms for easy feeding of feedstock and
discharge of solid residues, a motor-driven mixer/conveyer, air cooled condensers, integrated
gas turbine power generator, multiple-point temperature detection, and automatic and accurate
temperature control.
The Pilot testing and demonstration facilities will be carried out in MCES St. Paul
Wastewater Treatment Plant (Figure 7) and/or FreightMasters/Minnesga Inc. Warehouse in
Eagan (Figure 8). The space in FreightMasters/Minnesga Inc. warehouse is also appropriate for
future potential commercial operations.

Figure 7. Metropolitan St. Paul Wastewater Treatment Plant.

Figure 8. FreightMaster Warehouses.
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4.4.Test the facility and collect data; conduct TEA and LCA
By the end of 2016 (2.5 years into the project), all demonstration systems would have
been operational. We will begin to test these systems and collect data on product yields and
properties, mass and energy balance, water usage and emission, costs, labors, etc. These data will
be used for preliminary technoeconomic analysis (TEA) and life cycle assessment (LCA). These
preliminary TEA and LCA results may be used to adjust the operational parameters for optimal
financial and environment performance.
4.5.Demonstrate the systems to stakeholders
Once the systems are optimized and operation is smooth, we will organize demonstration
activities. At least five demonstrations will be made to stakeholders including state agencies,
private investors, academic researchers, and the public. Demonstration events will be broadly
publicized through various channels and media. The demonstration events will be one of our
major findings dissemination efforts.
5.

Results and Deliverables - Describe in detail the expected outcomes of each of the
results and deliverables.

5.1.Scum to biodiesel
An innovative scum to biodiesel technology will be developed and demonstrated, which is
expected to:
(1) utilize waste scum stream to biodiesel and generate $350,000 from MCES’ facilities
alone
(2) improve wastewater treatment efficiency and cost effectiveness
(3) reduce landfill and fossil fuel and coal usage
5.2.Centrate and glycerol for algae cultivation
An innovative model for cultivation of algae on centrate and glycerol will be developed
and demonstrated, which is expected to:
(1) Utilize/remove extra N and P from centrate (total P removal reaches 90%)
(2) Provide a solution to low quality glycerol, a byproduct of biodiesel production
(3) Produce biofuels from algal biomass and generate additional revenue of $450,000/year.
5.3. Sludge to biofuels
A fast microwave assisted conversion system will be developed and demonstrated, which is
expected to:
(1) Convert sludge to bio-oil, syngas, and biochar
(2) Reduce landfill and pollution
(3) Bring savings and generate revenue in the amount of $19 million
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6.

Timetable - Layout the proposed times for completing the proposed research
including proposed dates for individual results and deliverables.
Results and deliverables

Completion
Date

1. Develop and demonstrate scum to biodiesel process and system
1.1. Develop and optimize oil recovery, conversion, and upgrading
processes; Streamline processes and design the complete system

6/30/2015

1.2. Fabricate and install the system at demonstration site

12/31/2016

1.3. Test the system and collect mass and energy balance data; conduct
TEA and LCA

03/31/2017

1.4. Demonstrate the systems to stakeholders

06/30/2017

2. Develop and demonstrate centrate to algae fuel system
2.1. Develop and optimize algae growth and nutrient removal involving
crude glycerol; design the complete processes.

6/30/2015

2.2. Design and construct a greenhouse based algae based wastewater
treatment facility

12/31/2016

2.3. Test the facility and collect mass and energy balance data; conduct
TEA and LCA

03/31/2017

2.4. Demonstrate the systems to stakeholders

06/30/2017

3. Develop and demonstrate sludge to bio-fuels system
3.1. Develop cost effective dewatering process; design microwave
absorbent device; optimize catalytic bio-oil upgrading process

6/30/2015

3.2. Design and construct a complete facility for dewatering and
conversion of sludge to bio-oil and syngas; the facility is expected to
be fully or partially self-powered.

12/31/2016

3.3. Test the facility and collect mass and energy balance data; conduct
TEA and LCA

03/31/2017

3.4. Demonstrate the systems to stakeholders

06/30/2017

7.

Budget – See attached budget file
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8.

Credentials -

8.1.Background of Personnel (see Appendixes for PIs’ biosketches)
8.2.Roles and responsibilities
UMN: Dr. Roger Ruan - PI & project director, will be responsible for overall project
planning and budget control, development, design and evaluation of the demonstration
facilities; Dr. Paul Chen - co-PI, will be responsible for experiment design and coordination,
monitoring and documentation of project progress and results, and publicizing the project;
Dr. Min Min will assist Drs. Ruan and Chen with process development and facility design
and construction, and conducting the economic and environmental life-cycle analysis.
MCES Metro Plant: Mr. Larry Rogacki, Director of Plant Services, will provide necessary
support to the project and is committed to meeting with the project team, developing a work
plan and system details, and providing raw material samples, space at the plant for
conducting studies, and technical feedback. A support letter from Metro Plant is enclosed.
They will not receive fund from LCCMR.
FreightMasters/Minnesga Inc: Mr. John Snyder and Mr. Ron Have will provide space
necessary for equipment development, help with equipment and fuel testing as described in
their support letter. They will not receive fund from LCCMR.
9.

Dissemination and Use – Describe how the findings of the research will be
disseminated and describe the expected audience and potential use.

The findings will be disseminated through:
(1) On site demonstration as described in Activity 4.5
(2) Public seminars
(3) Progress update on www.biorefining.cfans.umn
(4) Presentations at national and international technical conferences
(5) Communications with interested entrepreneurs
(6) Peer reviewed papers
(7) Collaboration with UMN extension
The technologies, if demonstrated successfully, may be implemented to many MWTPs in
the State of Minnesota and beyond. Any intellectual properties and related revenues as a result of
the program will be shared between UMN and LCCMR.
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APPENDIXES: BIOSKETCHES OF PRINCIPAL INVESTIGATORS
R. ROGER RUAN
Office:

Bioproducts and Biosystems Engineering Department and Center for Biorefining
University of Minnesota

206 BAE Building, 1390 Eckles Avenue, St. Paul, MN 55108, USA
Home:
Phone:
E-mail:

1520 Arden Vista Court, Arden Hills, MN 55112, USA
(612) 625-1710
Fax: (612) 624-3005
ruanx001@umn.edu
http://biorefining.cfans.umn.edu/
www.bbe.umn.edu/staff/ruan.html
(a) Professional Preparation
China Agricultural University
Mechanical Engineering

B.S., July, 1983

Oklahoma State University

M.S., May, 1988

Biosystems and Agricultural
Engineering
University of Illinois at Urbana-Champaign Agricultural and Biological
Engineering
(b) Appointments

Ph.D., August, 1991

6/2001 – Present:
Professor, Department of Bioproducts and Biosystems Engineering, and Department of Food Science
and Nutrition, University of M innesota. Director, Center for Biorefining (since 2002).
Associate Professor and Director of Undergraduate Studies, Department of Biosystems and
6/1998 – 6/2001:
Agricultural Engineering, and Department of Food Science and Nutrition, University of M innesota.

1/1994 – 6/1998:

Assistant Professor, Department of Biosystems and Agricultural Engineering, and
Department of Food Science and Nutrition, University of Minnesota.
(c) Selected Recent Peer-reviewed Journal Publications, Books, and Patents (over 300):
1. Zhenyi Du, Xiaochen Ma, Yun Li, Paul Chen, Yuhuan Liu, Xiangyang Lin, Hanwu Lei, Roger Ruan.
2013. Production of aromatic hydrocarbons by catalytic pyrolysis of microalgae with zeolites:
Catalyst screening in a pyroprobe. Bioresource Technology In press.
2. Wenguang Zhou, Min Min, Bing Hu, Xiaochen Ma, Yuhuan Liu, Qin Wang, Jian Shi, Paul Chen,
Roger Ruan. 2013. Filamentous fungi assisted bio-flocculation: A novel alternative technique for
harvesting heterotrophic and autotrophic microalgal cells. Separation and Purification Technology
107 (2013) 158–165.
3. Bing Hu, Wenguang Zhou, Min Min, Zhenyi Du, Paul Chen, Xiaochen Ma, Yuhuan Liu, Hanwu Lei,
Jian Shi, Roger Ruan. 2013. Development of an effective acidogenically digested swine manurebased algal system for improved wastewater treatment and biofuel and feed production. Applied
Energy 107(2013):255-263.
4. Zhenyi Du, Bing Hu, Xiaochen Ma, Yanling Cheng, Yuhuan Liu, Xiangyang Lin, Yiqin Wan, Hanwu
Lei, Paul Chen, and Roger Ruan. 2013. Catalytic pyrolysis of microalgae and their three major
components: carbohydrates, proteins, and lipids. Bioresource Technology 130(2013):777-782.
5. Ren, Shoujie; Lei, Hanwu; Wang, Lu; Bu, Quan; Wei, Yi; Liang, Jing; Liu, Yupeng; Julson, James;
Chen, Shulin; Wu, Joan; Ruan, Roger. 2012. Microwave torrefaction of Douglas fir sawdust pellet.
Energy & Fuels 26(9):5926-5943.
6. Du, Z., B. Hu, A. Shi, X. Ma, Y. Cheng, P. Chen, Y. Liu, X. Lin, and R. Ruan. 2012. Cultivation of a
microalga Chlorella vulgaris using recycled aqueous phase nutrients from hydrothermal carbonization
process. Bioresource Technology 126(2012):354-357.
7. Du, Z., M. Mohr, X. Ma, Y. Cheng, X. Lin, Y. Liu, W. Zhou, P. Chen, and R. Ruan. 2012.
Hydrothermal pretreatment of microalgae for production of pyrolytic bio-oil with a low nitrogen
content. Bioresource Technology 120:13-18.
8. Ruan, R. and L. Chen. 1998. Water in Foods and Biological Materials - A Nuclear Magnetic
Resonance Approach. Technomic Publishing Co., Inc., Lancaster, Pennsylvania, USA, and Basel,
Switzerland. 307 pages. ISBN: 1-56676-589-7.
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9. Ruan, R. and P. Chen. 2010. Bioenergy Industry Status and Prospects. In Industrial Crops and Uses.
CAB International. ISBN: 978-1-84593-616-7.
10. Chen, P., S. Deng, Y. Cheng, X. Lin, L. Metzger, and R. Ruan. 2010. Non-thermal Pasteurization
Processes. In Case studies in novel food processing technologies. Woodhead Publishing Limited.
ISBN: 978-1-84569-551-4.
(d) Selected Recent Funded Projects
1. MAES. Conversion of turnkey wastes to energy via fast pyrolysis and gasification. 7/1/13 – 6/30/15.
$184,366.
2. DOT/Sun Grant. Distributed production of DME based fuels using microwave technology and direct
catalytic synthesis. 4/20/12-4/19/15. $473,546.
3. National Agricultural Biotechnology Council. The Student Voice at NABC – Graduate Student
Scholarship Award for travel/lodging and registration for Zhenyi Du, 6/12, $750.
4. University of Minnesota IREE. Wind to Ammonia with absorbents. 11/1/11-10/31/14. With Alon
Mccormic (lead), Mike Reese, Paul Chen, and Doug Tiffany. $400,000.
5. Minnesota Corn Research and Promotion Council. Economic Evaluation of Deploying Small- to
Moderate-Scale Nitrogen Fertilizer Production Plants in Minnesota Using Wind and Grid-Based
Electrical Energy Sources. With Mike Reese and Paul Chen. 6/1/2011-5/31/2014. $144,000.
6. Minnesota Corn Growers Association. Adding value to ethanol production byproducts (dried distillers
grain) through production of biochar and bio-oil. With Kurt Spokas of USDA lead. 9/1/10 – 8/31/12.
$60,000.
7. LCCMR. Wastewater algae pilot project. 7/1/10 – 6/30/14. $900,000.
8. Minnesota Corn Research and Promotion Council. Transforming corn from a commodity crop to a
higher-energy, multipurpose biofuel crop. With R. Bernardo lead. 7/1/10 – 7/30/12. $455,513
9. University of Minnesota IREE. Algae Production System Using Centrate Wastewater from Met
Council Treatment Plant. 4/1/10 – 6/30/13. $156,840.
10. MCES. Mass culture of algae on wastewater as an energy crop for biofuel production. 11/1/09 –
6/30/10. $50,000.
11. Office of Naval Research (ONR) & Luna Innovations. Biofuels production from nonedible biooils.
Phase I. 8/1/09 – 7/31/10. $37,000.
12. USDA/DMI. Non-thermal pasteurization of Milk using CHIEF technology.
10/19/09 – 12/31/10. $99,620.
13. University of Minnesota IREE. Catalytic reforming of liquids and gases from thermochemical and
biological conversion of biomass. 7/1/09 – 6/30/11. $250,000.
14. Minnesota Corn Research and Promotion Council. High oil corn as a higher value commodity. 7/1/09
– 6/30/10. Ron Phillips lead. $80,545.
15. USDA NRI. Whole Grain Ingredients: Health Benefits of Bioactive Phytonutrients and Dietary Fibers
from Cereal Grains. 12/1/08 – 11/30/12. $750,000.
16. USDA/DOE. Development of Scalable Biorefining Processes for Distributed Biomass Conversion.
01/01/2007 - 06/30/2012. $1,224,055.
17. Green Energy Group. Algae photobioreactor testing. 11/7/2008 – open. $23,800.
18. USDA FAS. 2008. Lartin American Biofuel Training Grant. With John Verynes. Summer-Fall, 2008.
$25,000.
19. Minnesota Legislature, MCES, and IREE. Mass culture of algae on wastewater as an energy crop for
biofuel production. 7/1/08 – 12/31/09. $1,000,000.
20. Xcel Energy. Mass production of algae as energy crop. 1/11/08 – open. $150,000.
21. US DOT and Sun Grant Initiative. Develop sustainable renewable energy systems for practical
utilization of bulky biomass. 9/1/07 – 8/31/12. $1,186,084.
22. UM Institute on the Environment. Dual renewable biofuels from a single source. 7/1/07-6/30/09.
With Ron Phillips lead. $300,000.
23. LCCMR. Mobil biomass pyrolysis system development and demonstration. 7/1/07 – 6/30/11.
$500,000.
(e) Synergistic Activities
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1. Started up the Fiberstar Company from our patented HRC technology, the company is doing well with
annual sales in tens of millions.
2. Transferred the patented non-thermal plasma technology to SCP Control Company, the company is
also doing very well.
3. Established and lead the University of Minnesota Center for Biorefining with a number of innovative
bioconversion pilot technologies and facilities.
4. Established and lead the St. Paul Campus Magnetic Resonance Research Laboratory with two
permanent magnet MR imaging systems and one low field NMR relaxometry system.
5. Established the Electric Power Research Institute (EPRI) and Northern States Power (NSP) Food
Technology Center - Research and Development, which operated for three and a half years.
6. Served on AAAS, NSF, DOE, USDA and many other major proposal review panels. Also served as
Chief Editor and Associate Editors in many professional journals as well as serving in many other
capacities in various professional organizations.
Professor Ruan’s research focuses on various aspects of value-added processing, renewable
energy and environment, and food engineering. His current interests are in conversion of renewable
biomass into energy fuel, chemical, and material, food quality enhancement, and safety and security
assurance, algae production and wastewater treatment, and nonthermal plasma development and
application in flue gas and hazardous emission control and disinfection.
Professor Ruan has published over 300 papers in refereed journals, book, and book chapters, and
over 300 meeting papers and other reports, and holds 14 US patents. He has supervised over 50 graduate
students, 80 post-doctors, research fellows, and other engineers and scientists, and 9 of his students hold
university faculty positions. He has received over 140 projects totaling over $20 million in various
funding for research, including major funding from USDA, DOE, DOT, and DOD, and industries, etc. He
is an editor-in-chief of International Journal of Agricultural and Biological Engineering, editorial board
member of Journal of Food Process Engineering, and Associate Editor of Transactions of ASABE,
Engineering Applications in Agriculture, and Transactions of CSAE.
Professor Ruan has also given over 200 invited symposium presentations, company seminars, and
short courses, and has been a consultant for government agencies, and many local, national, and
international companies and agencies in bioprocess engineering, food engineering, and renewable energy
areas. He has taught many undergraduate and graduate courses, including Renewable energy
technologies, Biological processing engineering, Managing water in food and biological systems,
Instrumentation and control for biological systems, and Engineering principles and applications, etc.
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Paul L. Chen
Ph.D., Program Director, Associate Research Professor
Center for Biorefining, Department of Bioproducts & Biosystems Engineering
University of Minnesota
1390 Eckles Ave., St. Paul, Minnesota 55108
Phone: (612) 625-7721, Cell: (651) 983-8674, Fax: (612) 624-3005
Email: chenx088@umn.edu, URL: http://umn.edu/~chenx088

PROFESSIONAL EMPLOYMENT
06/11- present A SSOCIAT E RESEARCH PROFESSOR, Dept. Bioproducts & Biosystems Eng., Univ. Minn.
07/01-05/11 SENIOR RESEARCH A SSOCIAT E, Dept. Biosystems & Agric. Eng., Univ. Minn.
07/ 96 – 06/01

RESEARCH A SSOCIAT E, Dept. Biosystems & Agric. Eng., Univ. Minn.

11/94 – 06/96 POST DOCT ORAL RESEARCH A SSOCIAT E, Dept. Biosystems & Agric. Eng., Univ. Minn.
07/88 – 10/90 A SSIST ANT PROFESSOR, DIRECT OR, Division of Agric. Product Storage & Processing, South
China Agric. Univ.
08/86 – 6/88 A SSIST ANT LECT URER, Division of Agric. Product Storage & Processing, South China Agric.
Univ.

EDUCATION/TRAINING
Ph.D. FOOD SCIENCE, The Queen's University of Belfast, United Kingdom, 1994
Adv. Dip. FOOD ENGINEERING & TECHNOLOGY, South China Institute of Technology, 1988
M.Sc. AGRIC- PRODUCT PROCESSING TECHNOLOGY, South China Agric. Univ.,
B.Sc. POMOLOGY, South China Agric. Univ., 1983

1986

OTHER RESPONSIBILITIES
05/03 – present Program Director, Center for Biorefining, Univ. of Minn.
08/03 – present Secretary, Bioenergy & Bioproducts Cluster, IREE, Univ. of Minn.
07/ 07 – presentManaging editor of International Journal of Agricultural and Biological Engineering
10/ 11 – presentEditor of Energy (guest edit special issue on “ lgae Fuels”)
RECENT PROJECTS
 MAES. Conversion of turnkey wastes to energy via fast pyrolysis and gasification. 7/1/13 – 6/30/15.
$184,366.
 DOT/Sun Grant. Distributed production of DME based fuels using microwave technology and direct
catalytic synthesis. 4/20/12-4/19/15. $473,546.
 University of Minnesota IREE. Wind to Ammonia with absorbents. 11/1/11-10/31/14. With Alon
Mccormic (lead), Mike Reese, Paul Chen, and Doug Tiffany. $400,000.
 Minnesota Corn Research and Promotion Council. Economic Evaluation of Deploying Small- to ModerateScale Nitrogen Fertilizer Production Plants in Minnesota Using Wind an d Grid-Based Electrical Energy
Sources. With Mike Reese and Paul Chen. 6/1/2011-5/31/2014. $144,000.
 LCCMR. Wastewater algae pilot project. 7/1/10 – 6/30/14. $900,000.
 University of Minnesota IREE. Algae Production System Using Centrate Wastewater from M et Council
Treatment Plant. 4/1/10 – 6/30/13. $156,840.
 MCES. Mass culture of algae on wastewater as an energy crop for biofuel production. 11/1/09 – 6/30/10.
$50,000.
 Office of Naval Research (ONR) & Luna Innovations. Biofuels production from nonedible biooils. Phase I.
8/1/09 – 7/31/10. $37,000.
 University of Minnesota IREE. Catalytic reforming of liquids and gases from thermochemical and
biological conversion of biomass. 7/1/09 – 6/30/11. $250,000.
 Minnesota Corn Research and Promotion Council. High oil corn as a higher value commodity. 7/1/09 –
6/30/10. Ron Phillips lead. $80,545.
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USDA/DOE. Development of Scalable Biorefining Processes for Distributed Biomass Conversion.
01/01/2007 - 06/30/2012. $1,224,055.
Minnesota Legislature, MCES, and IREE. Mass culture of algae on wastewater as an energy crop for
biofuel production. 7/1/08 – 12/31/09. $1,000,000.
Xcel Energy. Mass production of algae as energy crop. 1/11/08 – open. $150,000.
US DOT and Sun Grant Initiative. Develop sustainable renewable energy sys tems for practical utilization
of bulky biomass. 9/1/07 – 8/31/12. $1,186,084.
LCCMR. Mobil biomass pyrolysis system development and demonstration. 7/1/07 – 6/30/11. $500,000.

SELECTED PUBLICATIONS (from over 110)
1. Zhou, W., Min, M., Hu, B., Ma, X. Liu, Y., Wan, Q., Shi, J., Chen, P and Ruan, R. 2013.
Filamentous fungi assisted bio-flocculation: an efficient and low-cost technique for harvesting
heterotrophic and autotrophic microalgal cells. Sep. Purif. Technol.
DOI:10.1016/j.seppur.2013.01.030
2. Du, Z., Chen, P., Lei, H and Ruan, R. 2012. Production of aromatic hydrocarbons by catalytic
pyrolysis of microalgae with zeolites: catalyst screening in a pyroprobe. Bioresource Technology,
S0960-8524(13)00660-3. doi: 10.1016/j.biortech.2013.04.053.
3. Du, Z., Hu, B., Ma, X., Cheng, Y., Liu, Y., Lin, X., Chen, P., and Ruan, R. 2012. Catalytic pyrolysis
of microalgae and their three major components: carbohydrates, proteins, and lipids. Bioresource
Technology. DOI: http://dx.doi.org/10.1016/j.biortech.2012.12.115
4. Du, Z., Mohr, M., Ma, X., Lin, X., Liu, Y., Zhou, W., Chen, P., and Ruan, R.. 2012. Hydrothermal
pretreatment of microalgae for pyrolytic bio-oil production. Bioresource Technology, 120:13-8. doi:
10.1016/j.biortech.2012.06.007
5. Hu, B., Min, M., Zhou, W., Li, Y., Mohr, M., Cheng, Y., Lei, H., Liu, Y., Lin, X., Chen, P., Ruan, R.
2012. Influence of exogenous CO 2 on biomass and lipid accumulation of microalgae Auxenochlorella
protothecoides cultivated in concentrated municipal wastewater. Applied Biochemistry and
Biotechnology. 166:1661-73
6. Zhou, W., Hu, B., Li, Y., Min, M., Chen, P and Ruan, R. 2012. Mass cultivation of microalgae on
animal wastewater: a sequential two-stage cultivation process for biofuel feedstock and omega-3 rich
animal feed production. Appl. Biochem. Biotechnol.168: 348-363.
7. Zhou, W., Li Y, Min M, Hu B, Zhang H, Ma X, Cheng Y, Chen P, Ruan R. (2012) Growing
Wastewater-born Microalga Auxenochlorella protothecoides UMN280 on Concentrated Municipal
Wastewater for Simultaneous Nutrient Removal and Energy Feedstock Production. Appl Energ. 98:
433-440.
8. Zhou, W., Min, M., Li, Y., Hu, B., Ma, X., Cheng, Y., Liu, Y., Chen, P, and Ruan, R. 2012. A
Hetero-photoautotrophic Two-stage Cultivation process to Improve Wastewater Nutrient Removal
and Enhance Algal Lipid Accumulation. Bioresour Technol. 110, 448-455.
9. Zhou, W., Li, Y., Min, M., Hu, B., Chen, P., Ruan, R. Local bioprospecting for high-lipid producing
microalgal strains to be grown on concentrated municipal wastewater for biofuel production.
Bioresource Technology (2011). 102(13): 6909~6919.
10. Li, Y., Zhou, W., Hu, B., Min, M., Chen, P and Ruan, R. 2012. Effect of light intensity on algal
biomass accumulation and biodiesel production for mixotrophic strains Chlorella kessleri and
Chlorella protothecoide cultivated in highly concentrated municipal wastewater. Biotechnol.Bioeng.
Doi: 10.1002/bit.24491.
11. Min, M., Hu, B., Zhou, W., Li, Y., Chen, P., Ruan, R. Mutual influence of light and CO 2 on carbon
sequestration via cultivating mixotrophic alga Auxenochlorella protothecoides UMN280 in an
organic carbon-rich wastewater. Journal of Applied Phycology (2011). Quote number: JAPH1679R3.
12. Zhou, W., Li, Y., Min, M., Hu, B., Chen, P., Ruan, R. (2011) Local bioprospecting for high-lipid
producing microalgal strains to be grown on concentrated municipal wastewater for biofuel
production. Bioresource Technology. 102(13): 6909~6919.
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13. Min, M., Wang, L., Li, Y., Mohr, M.J., Hu, B., Zhou, W., Chen, P., Ruan, R. Cultivating Chlorella
sp. in pilot scale photobioreactor using centrate wastewater for microalgae biomass production and
wastewater nutrients removal. Applied Biochemistry and Biotechnology (2011). 165(1): 123~137.
14. Li Y, Chen YF, Chen P, Min M, Zhou W, Martinez B, et al. Characterization of a microalga
Chlorella sp. well adapted to highly concentrated municipal wastewater for nutrient removal and
biodiesel production. Bioresource Technol. 2011.
15. Du, Z., Y. Wan, Y. Li, Q. Chen, X. Lin, P. Chen, R. Ruan. 2011. Microwave-assisted pyrolysis of
microalgae for biofuel production. Bioresource Technology. 102( 7): 4890-4896.
16. Wang, L., Y. Wang, P. Chen, and R. Ruan. 2010. Semi-continuous Cultivation of Chlorella vulgaris
for Treating Undigested and Digested Dairy Manures. Applied Biochemistry and Biotechnology DOI
10.1007/s12010-010-9005-1.
17. Moen, J., C. Yang, B. Zhang, H. Lei, K. Hennessy, Y. Wan, Z. Le, Y. Liu, P. Chen, R. Ruan. 2010.
Catalytic microwave assisted pyrolysis of aspen. International J. of Agric. and Biol. Eng. 2(4):70-75.
18. Zhang, B., C. Yang, J. Moen, Z. Le, K. Hennessy, Y. Wan, Y. Liu, H. Lei, P. Chen and R. Ruan.
2010. Catalytic conversion of microwave-assisted pyrolysis vapors. Energy Sources, Part A:
Recovery, Utilization, and Environmental Effects, 32: 18, 1756 — 1762.
19. Wang, Y., J. Wu, Y. Qan, H. Lei, F. Yu, P. Chen, X. Lin, Y. Liu, R. Ruan. 2009. Liquefaction of
corn stover using industrial biodiesel glycerol. International Journal of Agricultural and Biological
Engineering 2(2): 32-40.
20. Chen, P., M. Min, Y. Chen, L. Wang, Y. Li, Q. Chen, C. Wang, Y. Wan, X. Wang, Y. Cheng, S.
Deng, K. Hennessy, X. Lin, Y. Liu, Y. Wang, B. Martinez, R. Ruan. 2009. Review of biological and
engineering aspects of algae to fuel approach. International Journal of Agricultural and Biological
Engineering 2(4):1-30.
21. Chen, P. and Ruan, R. 2009. Bioenergy Industry Status and Prospects, in Industrial Crops and Uses,
edited by B. Singh. CABI.
22. Wan, Y., Y. Liu, X. Lin, C. Yang, B. Zhang, P. Chen, H. Lei, and R. Ruan. 2009. Microwave
assisted pyrolysis of corn stover pellets with catalysts for bio-oil production and its component.
Transactions of the Chinese Society of Agricultural Engineers., 25(4):190-195
23. Wan Y., Y. Wang, Y. Liu, C. Lin, P. Chen, and R. Ruan. 2009. Continuous Microwave Assisted
Pyrolysis of Corn Cob for Producing Bio-Oil, Chinese Agricultural Science Bulletin, 25(24):559-564
24. Moen, J., C. Yang, B. Zhang, H. Lei, K. Hennessy, Y. Wan, Z. Le, Y. Liu, Y., P. Chen, and R. Ruan.
et al. 2009. Catalytic microwave assisted pyrolysis of aspen. Int J Agric & Biol Eng,; 2(4): 70-75.
25. Wan, Y., P. Chen, B. Zhang, C. Yang, Y. Liu, X. Lin, and R. Ruan. 2009.
Microwave-assisted pyrolysis of biomass: Catalysts to improve product selectivity.
Journal of Analytical and Applied Pyrolysis. 86 (2009) 161–167.
26. Wang, Y., J. Wu, Y. Wan, H.Lei, F. Yu, P. Chen, X. Lin, Y. Liu, and R. Ruan. 2009.
Liquefaction of corn stover using industrial biodiesel glycerol. International Journal
of Agricultural and Biological Engineering, 2(2):32-40.
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2014 Detailed Project Budget
Project Title: Demonstrating innovative technologies to fully utilize wastewater resources

IV. TOTAL ENRTF REQUEST BUDGET 3 years

BUDGET ITEM
Personnel:
Roger Ruan, PI/PD, 1%, 3 years, including 33.6% benefits, leading and managing project,
overlooking R&D, leading demonstration, supervising postdocs and RA
Paul Chen, co-PI, 10%, 3yrs, including 33.6% benefits, project coordination, conducting
R&D, project evaluation, progress report
2 research associate 100%, 3yrs, including 20.75% benefits, conducting R&D, operations,
demonstration, data analysis
1 Graduate Research Assistants, 50%, 3yrs, including 15.7% benefits plus tuitions, conducting R&D,
operationg, demonstration
Consultants, helping with engineering design and development of demonstration facilities
Equipment/Tools/Supplies:
Pilot scale biodiesel conversion demo system including oil extraction device, reaction tank, storage
tanks, separation tanks, fractional rectifier, pumps, heaters, heat exchangers, control
Algae cultivation and harvesting demo system including multi-layer photobioreactors, greenhouse,
circulation equipment, harvest equipment, dewatering equipment
Fast microwave assisted pyrolysis demo system including auto-feeder, magnitrons, reaction
chamber, microwave absorbent bed, condensor, syngas scraper, gas turbine power generator
Laboratory supplies including chemicals, analytical supplies, microwave absorbents, catalysts,
glassware, containers, printing
Travel:
for researchers to travel between campus and demonstration site over the 3yrs project period

AMOUNT
$

$32,198
$

346,874

$

123,476

$
$

$

30,000
100,000

$

40,000

$

260,000

$

56,454

$
$

6,182
$1,000,000

TOTAL ENVIRONMENT AND NATURAL RESOURCES TRUST FUND $ REQUEST =

V. OTHER FUNDS

SOURCE OF FUNDS
Other Non-State $ Being Applied to:
MCES
Private industry gifts for renewable biomass research
In-kind Services During Project Period:

$4,816

AMOUNT

Status

$
$

49,999
80,000

Approved
Approved

Unpaid F&A on ENRTF request based on 52% MTDC rate

$

579,323

Pending

Funding History:
LCCMR. Algae biofuels pilot project
UMN IREE and MCES. Mass culture of algae from wastewater
USDA/DOE. Development of Scalable Biorefining Processes for Distributed Biomass Conversion.
US DOT and Sun Grant Initiative. Develop sustainable renewable energy systems for practical
LCCMR. Mobil biomass pyrolysis system development and demonstration
UMN IREE. Catalytic reforming of liquids and gases from thermochemical and biological conversion
of biomass.

$
$
$
$
$
$

900,000
750,000
1,200,000
1,100,000
500,000
250,000

completed
completed
completed
completed
completed
completed
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