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An energy assessment of a large grain storage anamsfer facility
in Michigan: An industry, university and public uti lity company
collaborative effort resulting in energy savings otcomes

ABSTRACT: In the spring of 2012 Lawrence TechnobagiUniversity was approached by DTE
Energy (the local utility company) with fundingbave students and faculty work on an applied
research project with the Michigan Agricultural Gowdities, Inc. (MAC) to undertake an
energy assessment of the MAC Marlette, Ml facsitiEhe MAC is a private company in the
business of buying, selling, storage and distrdyutf agricultural commaodities such as corn,
wheat and other grains, dry beans and edible segash Rising utility costs and fixed
commaodities prices necessitated the need for aecttteffort by the MAC to reduce their
energy costs. DTE Energy was also interested iano#lg the electric power utility distribution
load in the predominantly rural area the MAC fagils located. For this project students served
as part-time paid employees of the university wagkdirectly under the supervision of
university faculty.

There were two major phases for this project. Phasancentrated on establishing a reliable and
useful power and energy usage data acquisitiorbdé@gaand testing grain hopper aeration and
drying fan systems both with and without the useasfable frequency drive power regulators.
Phase 2 involved a full energy assessment of th€ MAarlette facility including grain

receiving, grain drying (which uses electric antura gas), outdoor temporary grain storage
piles, outdoor safety and security lighting, anficefareas.

This paper reviews how Lawrence Technological Unsing engineering faculty brought
students into the project, and then how the studedtfaculty team directed, managed, and
carried out all of the major tasks associated wehtwo major phases of this project. The nature
of this project made it an excellent educationgdafunity for students by providing them a real
customer, real needs, specific timelines, and redudeliverables. Also reviewed are how
students had multiple opportunities to set up erpants, collect and interpret testing data, and
then report the final results of those energy uskge, management and savings. Because of the
various parties involved, there were several opmities for students to interact with other
business personnel, and technical specialistslyl-assummary is provided for how future
similar projects might be created, structured amathaged to assure successful projects with a
broader use and application of the knowledge tlemete.
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1) Introduction and background:

According to the latest available statistics thedfand agriculture industry in Michigan
contributed $91.4 billion to the state's econom2040. Michigan's Food and Agriculture
system is a large portion of the state's workfotegling (including direct, indirect, and
induced) 923,000. The total employment impact actotor about 22 percent of the state's
employment. The farm sector employs nearly 73,0@Dpoduction and processing employs
nearly 14,000.State of Michigan GDP for the same year was esticht be $384.2 billioA.
Therefore, agribusiness contributed to 23.8% okttenomy in Michigan in the year 2010.
Agribusiness is big business in the State of Miahig

There are several sectors to the agricultural eognd hese include dairy, cattle, growers and
producers, farm equipment services and sales,aekgost-harvest processing, and the many
produce and commaodity receiving, storage and disttors serving the industry. All of these
sectors need and use energy when participatingribusiness activities in Michigan. Primary
energy usage includes electricity, natural gasplgess and diesel for the field preparation,
production, processing and handling of agricultpralducts. These is also a secondary energy
usage component which includes fertilizers, whictoainted for slightly more than half of the
indirect energy use on U.S. farms in 2011, pesiigvhich accounted for slightly less than half
of indirect energy used on U.S. farms in 2010, lexdbicides®

This paper focuses on an applied research progeded out by Lawrence Technological
University related to a major agribusiness in Mgz, specifically a facility involved in the
receiving, storage and distribution of commoditgigs. This paper discussed the process
involved in establishing the project, the scope larghth of the project, the efforts to carry out
the project, and the educational benefits for ezggyiimg students involved in the project. This
paper does not review the data collected in thogept, nor does it do into detailed
recommendations provided by Lawrence Tech to thibagjness involved.

In the fall of 2011, prior to involvement of Lawmea Technological University in the project,
representatives from the Michigan Agricultural Coatlities, Inc. met with representatives of
DTE Energy (the primary utility company serving gwast Michigan) to request a review of the
rate policies and equipment grants related to feeafi energy reducing activities and the
installation of energy and power management sys{sath as variable frequency drives) in the
agricultural industry. One of the representativesf DTE Energy to participate in that meeting
was Gerald Polk, who at the time was involved mBmergy Optimization Pilot Programs

group. Gerald Polk initiated this project effortthvn DTE Energy to investigate the situation and
provide energy usage data to facilitate the possibplementation of new incentives for the
agricultural community in Michigan.

Michigan Agricultural Commodities (or MAC) is a pately held, for-profit corporation that
purchases, sells and stores agricultural commauitins (primarily corn, soybeans, and wheat)
throughout the United States and Canada. MAC isilan's largest grain handler with 8
locations in Michigan at Blissfield, Breckenridd&own City, Jasper, Lansing, Marlette,
Middleton, and Newaygo. Michigan Agricultural Comdities does not produce flour or
undertake any other grain milling or grain procegsi
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In early March 2012, Gerald Polk, of DTE Energynia@ted the Mechanical Engineering
Department at Lawrence Technological Universityulpmssibly supporting this project.
Shortly thereafter, meetings where held with Laweefiech, DTE Energy and Fanklin Energy
Services representatives initiate the project.

After trips to the MAC facilities in Brown City andlarlette, Michigan, it was agreed that
Lawrence Tech would indeed be interested in padtaig and supporting this project. By June
2012 the first scope of work was developed anduhding from DTE Energy was approved to
begin work on this project. The focus of the operatvas to be the Marlette, Ml facility, which
is located approximately 75 miles directly northtloé Lawrence Tech campus. Formal work by
Lawrence Tech began in the mid-summer of 2012 andluded in December of 2013.

Scope and objectives of project

There were three phases to this project. Phases Initi@ated in June of 2012. Once the work in
that phase was successfully underway, Phase 2nitiasad in September 2012. The reporting
final documentation of the project was defined hade 3 and took place in the late fall of 2013.

The objectives of Phase 1 consisted of the follgviimo initial areas of interest, with the bulk of
the work primarily undertaken at the Lawrence Teedlities. These two primary areas were:

1. To select appropriate metering and data loggmgpment capable of complete electrical
power monitoring of motors that represents systesesl at the MAC and similar facilities.

2. The use of VFD's on fans used on temporary autgain storage piles to provide aeration
and also negative pressure to hold down the taipsthought here was to understand how this
could reduce the fan negative pressure in timésvofyvind conditions and increase them as the
speed of the wind increases.

The objectives of Phase 2 consisted of the follgvalong with the corresponding analysis:

1. Conduct an on-site comprehensive energy assasaiie MAC facilities in Marlette, Ml, to
investigate the benefits of possible installatibmotor drive controllers, generically referred to
as Variable Frequency Drives (VFD) on electric mstased for grain movement to and from
silos and grain temporary storage piles, as wdh@ge aeration fans.

2. Analyze electrical usage as a component of fatdity energy usage with the goal of
providing a market assessment of the potentiaéf@rgy savings at grain storage facilities in the
State of Michigan.

The objectives of Phase 3 involved documentingfanad reporting the efforts of Phase 1 and
Phase 2 with the intent to broadly disseminatedkalts of this work.

This paper briefly reviews the efforts undertakgritie faculty and students from Lawrence
Tech in carrying out and completing this projedtisipaper does not review specific data
collected nor the detailed recommendations to tA&Nhacility gleaned from the data.
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2. The Michigan Agricultural Commodities facilities in Marlette, MI:

The Michigan Agricultural Commodities facilities Marlette, M| are located to the immediate
south of the central town area of Marlette, Miclmig@he original facility dates to 1865 with
some of the original structures on the premisdlausied for unique and small quantity grain
storage. The primary-use storage facilities arehmewer and are located towards the rear of
the property. The MAC facilities has a rail spuatthllows transfer of stored grain directly into
rail cars that can then be transported by raihtfar distribution around the United States, or
even abroad.

The MAC Marlette facility has sixteen permanentage bins in their primary-use storage area
for a total storage capacity of 3.754 million bush# grain (4.693 million ). The facility can
also accommodate an added 1.055 million bushe3d §Imillion f) of temporary pile storage,
as needed. See Figure 1 below showing an aerialafighe facility looking east. Grain is
primarily received from local farmers at the Matdefiacility in trailers pulled by trucks or
tractors. There are two receiving stations. Thst fg the front receiving station that allows grain
dumps to the “front receiving pit” that transfersig to the front receiving leg for routing to any
of the permanent grain storage bins on the site.sEtond is the back receiving station (located
towards the rear of the facility) where grain c&sode dumped into its own receiving pit that
also allows grain to be distributed to all storages on site. Note that these receiving stations do
not distribute grain to the original 1865 facilgtie

Examples of
permanent storage
bins

Temporary storage
piles

Figure 1: An aerial view looking east of the MicaigAgricultural Commodities facilities in
Marlette, MI prior to addition of bins 28, 29, 3ermanent storage bins and temporary storage
files are indicated. The rail spur with train carsit is located on the north side of the faciitie
(left side of the photo).

Figure 2 below, taken from Google Earth, showscaseé aerial view of the Marlette facility.
The various storage bins are indicated by numbeaore. The “Chief”, as labeled in the photo,
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is a cone-shaped grain storage bin with a capati®p0,000 bushels. The “Temporary Pile” in
the lower center of the figure is used for the $rant temporary storage of grain for a few weeks
or longer, until it can either be sold or transéerinto a permanent on-site grain bin. In the
summer of 2013 the MAC erected two new permanemhgtorage bins and are indicated as
#29 and #30 in Figure 2 below with capacities d#,200 and 310,000 bushels respectively.

Grain delivery by local famers is typically by tkuor tractor towing trailers with their hoppers
filled with grain. Before the grain is actually edeed for storage the delivery vehicle and trailer
is weighed. At weighing a sample of grain is evedd&or moisture content, grain size, quality,
and the level of foreign materials present in trergload. If the grain is dry (at or below 16%
moisture by weight) the grain can then be recediegttly.

To receive the grain the truck or tractor pulls titaéler to the receiving pit where the grain is
dumped directly from the trailer into the receivipity The grain in the receiving pit is
transferred from the receiving pit by the receivpigdrag to the receiving leg. The receiving leg
lifts the grain to a high central shoot (a few hugatifeet about the ground). The shoot can then
direct and route the grain via a directional nozalepecific gravity pipes that empty out to one,
or more in-series overhead drags located downsatfeam the gravity pipe, this allows
transport of the grain to the desired storage biemporary storage pile.

Repair shop

Back Leg
Power
Room

.
Older silos
and building

Weighing
station

Figure 2: A second aerial view, coped from Googkxtly, of the Michigan Agricultural

Commodities facilities in Marlette, MI. The top tife photo is north. Each permanent bin or
facility system is identified by number or nameeTashed line drawn shown in the upper portion
the photo shows the position of the rail spur vatkplit for train car short term holding. The
weighing station, facility offices, and older gratorage facility are to the lower right in this
image. Bins 29 and 30 are drawn into this photooxidate the Google Earth image used here.

If the grain evaluation indicates that the grainas dry (above 16% to 16.5% moisture by weight)
the grain can be routed to a bin for later dryimgit can be sent directly to the grain dryer. The
grain drier (a Brock dryer, installed in 2008, and heats at 45 mill&RU’s per hour) is a tall
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cylindrical structure that intakes outside airla bottom of the unit, and heats that outside air
using a natural gas burner and blows the heatdadtaithe dryer so as to help dry the grain. The
grain enters the top of the dryer and flows dowmwalnile being exposed to the heated dry air to
help dry the grain. Once dried, the grain can thenrouted to longer term storage bins, or
temporary bins, as needed. Note that for shipgiegtdrget moisture must be between 15% and
15.5%. The 0.5% to 1.0% moisture difference frogediprocessed grain to the targeted shipping
moisture percentage can usually be removed laténgistorage by aeration of the grain in the
bins. Once the grain has been off-loaded to theivier station from the trailer, the delivery truck
then pulls the trailer back to the weigh-statiodeétermine the empty trailer weight. The difference
in initial weight to final empty weigh is used teen calculate the weight of grain received by the
facility. Figure 3 below shows a diagrammatic ithasion of the major grain handling operations
and storage systems at the Marlette facility. Adiskey terms and their definitions are given in
the Appendix of this paper.

Truck and Rail MAC Grain Systems Equipment
Load out

Receiving Leg Storage Bin

o D,

Overhead Drag

Head space
Exhaustfans

)

!

Receiving Pit

Bottom Fan

Auger

\

—

Receiving Pit Drag

i

«—
a D

Recovery Drag

Figure 3: This diagram shows the major equipmemtpmments used at the MAC Marlette facility

It is important to note that all grain receivedts Marlette facility is handled at least twicecen

at receiving for storage, and once again for sateshipment. In some additional instances grain
can be mixed with similar grain in other on-sitediThis involves yet another handling of the
grain. Repeated or excessive handling and moveaighe grain is undesirable because this can
cause damage to the individual kernels of grairickvtowers the dollar-value of the grain.

All legs and drags are electric motor powered ugi&g VAC delta connections. No motors in
Marlette use a 240VAC wye-start that switches 488 VAC delta-run mode. The two 125
horsepower fans on the Marlette Brock® dryer ealeta soft-start feature that ramps the power
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up to full-power to the motors for these fans. Bo#-start feature limits the electric current per
phase for each drier fan motor to not exceed 4Q0fcaps. Moist grain (above 16% when initially
received) can be stored for a short time and tr@ridwe routed to the dryer for drying, as required

Once the grain has been routed to its initial gfer@estination within the MAC Marlette facility
it can be routed to three other on-site destinatidhese are 1) to the dryer if it is initially edeed
with moisture above 16%; 2) to a longer-term sterbig, if dry; 3) if additional foreign materials
are present then it can be blended with other aingjtain with lower foreign material levels to
meet sale specifications. The final destinationdibrgrains at the MAC Marlette facility is, of
course, to be sold to external customers. Thigiedy extracting the grain from the storage bin
with grain movement facilitated by an auger locaethe base inside of the bin, were the grain
drops down though shoots to a lower recovery dnagthen routs the grain to a leg that lifts the
grain to an elevated position. The elevator dunmgsgrain to a shoot with a directing nozzle,
which then dumps the grain onto an overhead draguioto either a truck-loading hopper, or to a
train loading hopper that routs the grain to adedlg to dump the grain to a train car.

Minimal handling and movement of grain at the fiicik always desired. Grain transport has two
financial impacts. First each grain movement attigan cause damage to the grain. Such damage
is undesirable because it negatively impacts ttaditguof the grain and, thusly, lowers the value
of the grain. Second, additional grain movementiireg electric power use to energize motors for
drags and legs.

3. Project organization:

From the outset of the project it was understoad tlawrence Tech students would be directly
involved in the project, from the testing, collectiof data, the analysis and documentation of
data, and the final reporting of the results. Adgguunding was made available from the outset
of the project to pay for up to five students faeg/ear. A major challenge of this project to
secure student workers. This was because fundimg DTE Energy was formally approved in
June 2012. This was over six weeks after the enldeo$pring academic semester and the vast
majority of students were no longer taking clags@son campus. Two possible engineering
students had been contacted by the author abditipating in the project in the mid spring, but
due to the mid-summer approval they had alreadynuitted to other summer work and were not
available at the time of project approval.

Recruitment of student workers:

Because of the summer start date, the author, @mcge investigator on the project contacted
known students working on campus and also stuaemiswere “friends of friends” of known
students. In some cases “friends of friends ohfig# were contacted. The Lawrence Tech
Office of Career Services, who keeps a recent pbsiudent resumes on file for possible on-
campus employment as well as local industry co+dpternship opportunities was also
contacted for possible project employment cand&ld&gentually seven undergraduate students
were hired to support project work; three mechdrgogineering students and four electrical
engineering students.
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Administrative structure:

The structure of the project was intentionally keptsimple as possible. The day-to-day activities
were typically completed by Lawrence Technologldaiversity students working with, and under
the direction of the author, a faculty member oa Mechanical Engineering department at
Lawrence Tech. The author directed the activitigscoordinating site visits to Marlette with
personnel from the Marlette facilities.

All equipment purchases were made at the requegteofauthor through the Lawrence Tech
purchasing department. Purchases were billed tprthject account at Lawrence Tech, which then
sent monthly invoices to DTE Energy for reimbursatn®utside contractor services, such as
electricians, etc., were processed similarly toigment purchases and handled through the
Lawrence Tech accounts payable department. Stadeintaculty labor charges where processed
by the Lawrence Tech payroll office and paid toittthviduals working on the project either every
two weeks or twice a month. All charges and experts the project were kept on-file with the
Lawrence Tech business services office and arédlyemdilable for inspection or audit purposes
for seven years.

Contracted electrical support was provided by Makitectric, of Bad Axe, MIl. Maurer Electric
was used because they are the electricians ofefmi¢che MAC Marlette facilities manager and
are very familiar with the MAC Marlette facilities.

4. Data collection system:

For this project it was felt that data collectiozeded to be accomplished with a portable, robust
and reliable electric power and energy data adipis{DAC) system. Initially it was thought that

a small portable DAC system using a laptop andocastssembled current transducers and voltage
sensors could be developed at Lawrence Tech. Bartsseing the facilities and need for out-door
data collection, it readily became apparent thahsan approach was not at all practical. Two
students on the project were assigned the taslktefrdining which portable power and energy
data acquisition system was best suited for thogept. It was decided that the Fluke 435 Il three-
phase power quality and energy analyzer portableepmeters were best suited for the project.
See Figure 4 showing the showing a Fluke 435 Hamd also in use at the MAC Marlette facility.
Five of these units were purchased TEquipment.NETpng Branch, NJ.

5. Aeration fan and temporary pile fan focus:

Grain storage facilities, such as the MAC facilityMarlette, Ml, use a significant number of fans.
All fans used at the Marlette facility are threeapl 480 VAC power fans that typically are
controlled in a simple on/off (no-power or full-pewy mode. Except for two 125 horsepower fans
in the Brock® grain-dryer that have soft-start coliers, the rest of the MAC Marlette facility has

on/off fans ranging from 7.5 horsepower up to 60@shpower. These fans are used in four
applications. These include a) the aeration ohgrastorage bins, b) the creation of a low-pressur
(suction) condition under temporary grain pile tarins to hold the covering tarpaulins in place
under windy conditions, c) the venting of air froine top of grain storage bins, and d) preventing
the accumulation of grain dust from areas such ascaiving pit. The Marlette facility has
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approximately 60 operating fans in their major p@nent storage bins, with each bin typically
having four aeration fans around the base perinoétigre bin.

Temporary storage piles typically require six tghtisuction fans to adequately secure the
tarpaulin in place over the grain pile. These terapostorage pile fans are rated between 7.5 to
10 horsepower and pull air out of the bottom of giiie to create a low-pressure condition under
the grain-covering tarpaulin. As a result there lsaan additional 30 or more of these suction fans
deployed around the facility during high-volumeigrstorage periods that require the temporary
grain piles.

Depending upon weather conditions it may be th3§ same of a bin’s or a temporary pile’s
aeration fans are needed. In other cases all aerins may be needed. During high-winds, all
temporary pile suction fans will be in operatiorh&# significant weather temperature fluctuations
occur, all aeration fans may also be needed. Nmgeent storage bins or temporary piles have
speed-varying motor controls, so these fans induigk current spikes when their motors are
turned on. Per information from Marlette facilitipersonnel under some cases each permanent
bin fan can turn on between thirty to forty timesai month and remain on for several hours to
days. As a result, these fans can use signifidantrical energy depending upon the grain storage
inventory throughout the year.

(A (B)
Figure 4: (A) shows a close-up picture of the Fld&& 1l Power Quality and Energy Analyzer
meter display and control buttons; (B) shows onéhefFluke 435 Il power monitoring meters in
use in one of the electrical power rooms at the MA&lette facility. These meters monitored
both current and voltage and record each valuetiimas per second. Data storage was a function
the size of the SD card contained in each meter.

Once the Fluke 435 Il meters were acquired infal testing was done at Lawrence Tech by
student project members. The author was on haradgare that data collection methods were
properly defined. MAC Marlette personnel loaned kence Tech a ten-horsepower Spreads-All
SA-241003-210# aeration fan for testing purposedsastrence Tech. The Spreads-All fan was
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configured at Lawrence Tech to be able to run @typical on/off mode, as is standard operation
in Marlette. An ABB 10 horsepower programmable &hl¢ frequency drive (model number

ACS550-U1-023A-4) was installed to also control ®ereads-All fan under various loading

conditions to assess their basic operation. SiheeSpreads-All fan is used in suction mode,
loading of the fan was accomplished by placing augsi wooden covers with various sized

openings crating obstructions over the fan inlee Sigure 5 showing photos of the Spreads-All
fan testing set-up employed at Lawrence Tech. Berdans are not subject to abrupt torque
variations, such as might be encountered with a&gor system, variable frequency drives (VFDS)
are acceptable devices to control the start arul atdans. All data using the Fluke 435 Il were

collected upstream from the ABB VFD. This was tewae that a clean 60 Hz power signal was
measured for all testing without interference frtme various output signals possible from the
VED.

A second series of tests were undertaken at Lawr&ech using a 50 horsepower aeration fan
(GSI Model CHS-50-36 Centrifugal Fan 3450 RPM 508 460V) purchased specifically for
evaluation for this project. This fan is a commenadion fan used in large storage bins at the MAC
Marlette facility. Due to its size and volume of fdw the fan was installed outside in the Applied
Research Center building (ARC) parking lot at LaveeTech. This location was optimal because
a research wind tunnel with a 50 HP fan that igrotied by a Toshiba VF-AS1 variable frequency
drive (VFD) is also located in the ARC building. &SI aeration fan was tested both without
and with the Toshiba VFD. A wooden outlet shroud awtiached to the fan housing outlet allowing
for various wooden boards to cover the fan systemtebwith differing degrees of openness
(openness refers to the amount and size of holdggiboard that would let air travel through and
exit the blower fan). These produced different lngdn the fan motor. Figure 6 illustrates the
testing setup for the 50 HP GSI aeration fan.

A,

(B) ©
Figure 5: (A) The 480 volt electrical power feddedtly to the Spreads-All fan or to route the
power through the ABB 10 HP VFD and then to the falbng with data collection using the
Fluke 435 Il meter. (B) The air-flow outlet of tipreads-All fan test setup. (C) The Spreads-All
fan inlet with a partial inlet obstruction to assdmsic fan performance. Several obstructions
ranging from complete obstruction to no obstructi@ne placed across the fan inlet for this study.
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(A)

(B)

©

Figure 6: Photos showing the testing configuratisad for the GSI 50 HP aeration fan. (A) The
Toshiba VFD (normally used to control the Lawrefieeh research wind tunnel 50 HP fan) with
the Fluke 435 Il current transducers and voltagddeconnected for data collection was used for
GSI fan was testing. (B) The GSI 50 HP fan outsitlehe Lawrence Tech ARC building with
students attaching the wooden outlet cover to dhite an outlet load on the fan motor. (C) The

same GSI fan outlet with a different outlet coweimtroduce added outlet resistance for different
loading on the fan motor.
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Also evaluated during these initial fan tests avtence Tech was the monitoring of the fan outlet
pressure. This was done using a Pasco pressuseltiGar and data logger controlled by a laptop
computer. The pressure transducer was attachetetotitlet section of the fan to monitor the
positive air pressure immediately exiting the f&he pressure device was then attached to the
laptop computer where a program would record thesqure information. Unfortunately, this
system proved to not be a particularly useful me@dmthe buffeting of the air immediately exiting
from the fan crated such a signal noise in theguressensor that little useful data were obtained.

6. Assessing the MAC Matrlette facility’s energy use

Starting in the fall of 2012 the author and Laweeiech student team members began regularly
traveling to the MAC Marlette facility to begin eleical energy usage data collection from various
motor systems used in processes there. All magon gransfer systems used at the Marlette facility
are powered by electric motors, which are suppdniedome gravity feed systems. Because of
these motor systems it was vital to collect datsitm at the Marlette facility using the Fluke 435
Il Energy and Power Monitoring meters.

The first area of attention was the front receivaigtion comprised of the receiving pit, the
receiving pit drag, the receiving leg and receiviaig The reason for starting data collection there
was because the majority of grain received at tlagldite facility passes through this station. A
second area of focus was the various aerationléa@ased on site at the base of some of the large
storage bins. Later various overhead and recovaiysdvere evaluated. All initial work was done
to characterize the as-is performance of the maondshow they been run for the past several
years. No VFDs or VTDs were yet installed and datae collected under typical operating
conditions.

In conjunction with on-site data collection a digidireview of energy usage history was also done
through the review of historical utility billingof the Marlette site. On-site power meters were
documented and multipliers were cross-checked wiitity billing invoices.

To support the assessment and value of VFDs ands\at Ehe Marlette facility project funds were
used to purchase appropriately sized VFD and VTddesys for use at the MAC Marlette facility.
Altivar units (Schneider Electric) were selecteddese the electricians from Maurer Electric, who
are the preferred electrical contractors at the MA&Zlette facility, were most familiar with these
units, and had previously installed and programthede systems.

An additional area of review for energy usage atNtAC Marlette facility was their natural gas
usage. The Borck® grain drier uses natural gag&b ambient air that is forced through the unit
to dry overly moist grain. Grain dryers are critiba prevent commodity spoilage and to meet
customer moisture limits upon sale. The Brock®rdiliges have controls and monitoring systems,
but for efficient operation proper maintenance aledning of vents and inlets are required. These
require operator training to assure best operatfahe unit. One area of possible prediction of
natural gas usage for the grain dryer at the MAGI&fi facility was to track the local area’s
relative humidity just before and through the hatweeason. Data were found for previous years
that grain moisture from area relative humidity retated very well with natural gas usage.
Tracking this over time during the harvest seaspMBC Marlette personnel could be a useful
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predictor for the demand on the dryer, to anti@garsonnel support and system maintenance, as
well as the obvious natural gas demand.

7. Variable torgue drive installation and evaluation on MAC Marlette processes:

The large number of motors (ranging from 7.5 hoosegy to 60 horsepower) used at the MAC
Marlette facility and the limited number of VFD/VTDnits available made it necessary to
choreograph the selection of study equipment, ris&llation of the VFD/VTDs, the installation

of the Fluke meters and the data collection formiregiul process energy usage information. This
all needed to be done without interruption of theeiving, movement and transfer of grain at the
Marlette facility, nor could it prevent any opeaatiat Marlette. This was not always easy to do.
All VFD and VTD installation was done by the MAQ3seferred electricians from Maurer Electric.
During this process occasionally equipment woukbhkdown. Sometimes systems would not be
available due to unscheduled service, or signifigaain deliveries or train-load grain sales would
come up — sometimes the night before previouslgdeled activities. These events often resulted
in the delay or deferment of equipment installationl testing activities. Energy evaluations were

done around keeping a large grain receiving, stoeagl distribution facility fully functional and
fully operational.

None-the-less these actions were accomplished igndicant amount of information, data and
knowledge were gained. Figure 7 below shows twdgshof installed Altivar VFD/VTD systems
used for study at the MAC Marlette facility.

(A)
Figure 7: Four Altivar variable speed/torque mataves installed for used in the front receiving
station power room to control various fans and siratge shown here. (A) Shows one of the
Lawrence Tech students working in the power roottirgeready for data collection using the
Fluke 435 Il meters. (B) Shows a close-up view ofAdtivar 61 ten-horsepower unit at right
center and an Altivar 71 forty horsepower unityfutistalled for evaluation at the MAC Marlette
facility. In (B) at the upper far left an Altivawenty-five horsepower unit is partially visible.

The front receiving leg uses a 60 horsepower mamak its energy consumption was evaluated
both without and with an Altivar 71 seventy-fivereepower VTD. This unit is shown if Figure 8
below. All grain storage and handling facilitieg austy venues. Grain dust and farmland dust are
common and can accumulate over short periods @& thigure 16 shows dust accumulation on
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the 75 horsepower VTD after only a few weeks in efextrical power room. This could be a
VFD/VTD cooling-fan maintenance and service issuerdime with these units if not frequently
checked and assessed.

Once testing of one system was completed, the VFD/Units were moved to other locations at
the Marlette facility. This eventually was reasdgalbell coordinated when no other un-related
equipment system failures occurred, and things llysugent smoothly. Data collection was

interrupted on more than one occasion due to haadywindy rains, and occasional lightning
strikes did prevent some testing during the sunmmanths.

Figure 8: The energy consumption of
receiving leg at the MAC Marlette facility
was evaluated both without and with an
Altivar VTD unit, as pictured here. Note the
dusty conditions of the power room.

An important aspect of using variable torque drieesned in this study was that VTDs should be
well matched to the motor they are controlling. iDgrinitial conversations with Schneider
Electric (the manufacturer of the Altivar units)la¢ time of specifying and purchasing the Altivar
units the Schneider support engineer made two araany suggestions regarding this
motor/controller matching. The first was that doghte fluctuation current demands common with
variable torque drives that the next size VTD stdwg installed for a given horsepower motor.
For example a 20 horsepower motor should be cdedrddy a 25 horsepower VTD. This
accommodates the often fluctuating current duribiguat torque changes when operating. The
second caution was to not use too high of a horgeprmated VTD over and above a given motor
horsepower rating. The Schneider support engingecemmendation was to not go over two
VTD horsepower ratings above a given electric nistoorsepower rating. There was some debate
by the Maurer Electricians regarding this last pdiftowever, any debate was settled on this when
an Altivar 71 forty horsepower VTD was installed ¢ontrol a 15 horsepower motor. The
oversizing of the VTD did not allow for proper couitof the motor and performance was severely
compromised. The VTD was quickly removed and a napraopriately sized VTD was installed.
Schneider Electric technical support recommendead 6D applications that the motor
horsepower and VFD horsepower ratings be matchedpsely matched for best performance,
i.e. use a 20 horsepower VFD with a 20 horsepoveetr& motor.
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8. Data review:

The Fluke 435 Il Power and Energy data logger faters with Fluke Power Log® software for
data analysis and review. The Power Log® softwsravailable free from Fluke and, therefore,
can be uploaded on student laptops. (All LawreneehTstudents are issue a high performance
laptop for course work.) This allowed various ds¢ds and files to be issued to students on the
team to evaluate the quality of data and for assessand graphical presentation. Several hundred
data sets were evaluated. As will all data on soomasions key questions were answered by the
data, and on some occasions the data raised mestians than the answers it provided. These
added questions required more thoughtful approatthesta collection and often required the
project team (the author included) go back to qaedVlAC Marlette personnel about greater
details about their processes and systems. Thailgabenefits of this iterative knowledge
acquisition process for students was invaluabled@&its team members quickly learned to take
notes and to keep track of the work they had dibreeproper set up of the data acquisition systems
and to make sure they asked the right questionsglabout the purpose of the data being collected.

Four formal data review presentations were madesthgient team members to DTE Energy

engineering and management representatives fonitatdhupdates regarding the data collected
and to field questions from DTE Energy personngarding the status of the project. This required
appropriate selection of representative data, pteen preparation and rehearsal, and detailed
planning to assure a professional effort. This eetsemely helpful (though sometimes nerve-

wracking) for students, some of which had not lwaghterface with professionals in industry.

Over the course of the project on humerous occadiath formal and informal data sets were
presented and reviewed with MAC Marlette persoramel management. Since these data were
being presented to the people who knew their operdiest, it gave students a good opportunity
to better understand the nature of the data théyblected, the processes being evaluated and to
put a clear context upon the work they were doing.

9. Summary of the educational gains made by studeptoject team members:

This project focused on understanding energy usagiee Michigan Agricultural Commodities,
Inc. facility located in Marlette, Michigan. Sevebawrence Technological University
undergraduate engineering students served as tesmbbens supporting the project. Funding was
provided by DTE Energy with students serving asl pawrence Tech research employees on the
project. This author, a Lawrence Tech faculty memhethe A. Leon Linton Department of
Mechanical Engineering, served as the principlestigator and primary coordinator of the work.
The project ran from June 2012 to December 2013nétaus educational benefits for students
were provided during this project. Some of thesapsy cannot be taught in the classroom and
help prepare the student for eventual work in itgu§ he more prominent benefits gained by
students on this project are listed below:

» Dealing with various levels of working professiahal an industrial agribusiness setting
such as the Marlette facility
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« Learning from others who may not have the sameatihrclevel but have more extensive
industry experience

» Dealing with contractors and the labor force

» Giving professional presentation preparation arivelsy skills

* Having to collect data at times that were bestlierprocess and not the most convenient
for the students...especially 6:00 AM start timesejah 90 minute drive)

« Data collection and the selection of appropriatta dallection systems, methods and
approaches

« Complex data review, analysis and interpretatiatissk

* Experimental setup and the resulting sometimesra#énd success

« A fundamental learning and applied knowledge of @oglectronics

e Scheduling of work over a long travel distance
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APPENDIX

Aeration fan — a fan that blows outside air into the bottona gfain bin to aerate the stored grain (also
known as a bottom fan)

Auger — a large screw device at the bottom of a storagthht rotates to help move the grain from the
bin

Bottom fan — a fan that can blow air into a bin to help athe grain to help keep the grain cool, or to
help dry the grain (also known as an aeration fan)

Bushel of grain — a typical unit of grain used in the commoditiearkets for shelled corn - 56 pounds
per bushel (for a density of 44.97 Ibs péY, fsoybeans — 60 pounds per bushel (for a denkit$.48
Ibs per f§), wheat - 60 pounds per bushel (for a density8oi & Ibs per f)

Grain dryer — a large vertical system where wet grain is pldnehe top and flows downward to the
bottom of the dryer while being heated with warm(heated with a natural gas combustion system)
to dry the grain
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Gravity pipe — a large diameter tube that that is tilted ategs incline angle for grain to flow via
gravity and directs the grain to a desired locatimually an overhead drag

Headspace exhaust fan — a venting fan located at the top of a grainagjerbin to facilitate air
circulation in the bin

Overhead drag — an overhead conveyor to transfer grain to bins
Pit fan — a ventilation fan located in the grain receivpigthat removes hazardous grain dust
Rail load out — a grain transfer conveyor that carries graia tailcar loading station

Recovery drag — a drag conveyor that collects grain at the lpottd a bin to remove grain from the
bin for transfer the grain to another location

Receiving leg — a vertical conveyor with buckets that lifts gr&d a high elevation above most of the
facilities bins so that it can be dumped to a dyapipe and an overhead drag to storage bins rrear o
away from the grain receiving station

Receiving pit — a grate-covered pit that has a pit drag thategsgrain to a receiving leg

Soft-start controller — an electrical device placed upstream from aotrédemotor that ramps up the
power to the motor at a programmable ramp ratesgo aliminate any significant current draw upon
start-up of the motor

Sorage bin — a large cylindrical storage container made afccete or metal that stores grain and
usually outfitted with augers, aeration fans, aaddspace fans. The various size bins at Marlette ca
store between 55,000 bushels to 950,000 bushelaif

Temporary pile — a short-term (two or three months) grain stofgewhere the grain is placed on the
ground with a supporting frame around the perimaitére pile and covered with heavy gage tarpaulins
where the tarpaulins are held in place via sudams drawing air out of the pile to create a vacuinim
the grain pile to hold the tarpaulins in place

Truck load out — a grain transfer conveyor that carries graia tauck trailer station

Variable frequency drive — a motor controller that has various adjustmémas controls a motor for
maximum efficiency with changing width voltage pmgsat fixed positive and negative voltages to
simulate an alternating current sin wave, also kmew/a “VFD”

Variable torque drive — a motor controller similar to a variable freqogrdrive that has various
adjustments that controls a motor for maximum medogue efficiency with various voltage-width
pulses at fixed positive and negative voltagesnukate an alternating current sin wave
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