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Executive Summary

For the purpose of generating electricity and tleremergy to meet the electrical,
heating, cooling and hot water demands of a stangame in Milwaukee, Wisconsin, in
the We Energies distribution area, it was recomradrnd implement an internal
combustion engine generator set fueled by nataslkigat runs on a thermal load
following strategy.

Four overall designs were considered consistintg®finternal combustion engine, fuel
cell, wind, and solar powered systems. Each systasndesigned independent of the
others. A MATLAB program was generated to compdlrefahe systems versus the
conventional means of electrical and thermal engrgguction. The internal rate of
return (IRR) was also calculated for each systedetermine the economic feasibility.

With the program outputs and the IRR were then tseelect the most cost effective
system. Each system was analyzed, considered amgiaczed to the other systems based
on initial cost, operating cost, incentives (ia tredits, government loans, etc), fuel
cost, reliability, size, aesthetics, emissionseadsnaintenance, buy back benefits, and
IRR.

The natural gas fueled internal combustion engmggal the most economically feasible
with a payback period of 1.7 years and minimizedrenmental impacts by reducing
overall carbon dioxide emissions. By using natges as fuel, other adverse pollutants
are reduced, and the system takes advantage exigteng natural gas infrastructure.
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l. Introduction

Problem Statement

The objective is to design a distributed energyesydor a single family residence
located in the We Energies service area. Thesysiast meet the energy requirements
of the house while minimizing cost and environmeimgacts.

The energy systems considered were fuel cell,naterombustion engine, wind power
generator, and solar photovoltaic. While the fiedl and the internal combustion engine
systems also produce thermal energy that can liedtior the residential house, the
wind power generator and solar photovoltaic systeave to be supplemented with home
heating sources.

The potential systems were considered based onpibigintial to generate electricity,
heat (both space and water heating), total systest) aperating cost (including cost of
fuel and maintenance), and carbon dioxide emissions

Using information provided by Lawrence Berkley aial Laboratory’s (LBNL) Home
Energy Saver it was calculated that the averagseeéhmuthe Milwaukee, Wisconsin area
uses approximately 7,187 kWh of electricity perryead a total of 2,126 therms for
home and water heating producing 18.8 tons of G& year- The average home size
was also calculated to be 2000 square feet anati2st Based on the heating and
cooling degree days for Milwaukee, WI, the energgstimption was determined on a
per month basis. These values were required on m@eth basis for input to a
MATLAB generated load estimating program.

The standard house in Milwaukee, Wisconsin obteiestricity from the electrical grid.
A coal fired power plant supplies the majority bételectricity to the grid. The standard
house heating system uses a central natural gaacimwhile the cooling system uses
central air conditioning. The hot water systenbalses natural gas as fdel.

Specifications

The final system needed to meet the majority othiiesehold electrical needs. The
system also needed to meet the household spaceaaedheating requirements. In
conjunction with the electrical and heating outpthe system had to reduce the
environmental impacts of conventional electrical #@mermal energy generation (i.e. £O
emissions). The marketability, and therefore the& ceduction and aesthetics of the final
system were also considered.

Background

In order to limit the number of systems to be cdased to a number that could feasibly
be analyzed, the distributed power systems weeareked, designed, and analyzed on a



single type basis. Systems containing only solardwiuel cells, and internal combustion
engines with standard practice redundancy wereideresl. It was concluded that an
initial patent search was not necessary for thogept as the ideas electrical generation,
and combined heat and power systems are commonléaiggvamong the scientific
community; therefore, these ideas are not avail@lpatent. A literature search was
conducted to assess current projects currentlgénamd production. A list of companies
was found; they include organizations such as MaraEngine Systems, Plug Power,
British Gas, and the Gas Technology Institute. Mama Engine Systems, in East Troy,
Wisconsin, was visited to gain more intimate knalgie of the production and use of
micro combined heat and power (CHP) systems.

The U.S. Department of Energy (DOE), in associatith U.S Energy Information
Administration (EIA) statistics on energy consuroptivere key sources of information.
The LBNL’'s Home Energy Saver calculated the dorsesdgctricity, heating, cooling
and hot water needs based on the DOE-2 buildinglation program version 2.1E.
These needs were then inputted into a MATLAB progedong with each systems
calculated output. The program compared each systesus the standard residential
system on a per month basis and calculated theoedorieasibility of each system.
Based on the program outputs, the final systemdegsrmined.

Systems Considered

The following sections describe the single systdaash system was designed
independent of the other systems and the datatiieranalysis was used in the
MATLAB program to determine each systems economasibility and carbon footprint.

Internal Combustion Engine

There are many internal combustion (IC) enginesliibferent fuel types on the market
with a 5 kilowatt (kW) capacity. These enginesallsuoperate lawnmowers, generators
and pumps. Almost all of these engines are ailecbim reduce cost. In order to design
an effective cogeneration system to capture thedrehproduce the power, the engine
needs to be water cooled. This allowed the engpogant to be used to help meet the
heating needs of the house.

Gasoline engines have many options on the markktdimg many that are used as
generators. However, these engines are not intieloddong life continuous use
applications and are an air cooled design. Thidanhese engines a poor choice for a
prime power system that must be reliable with madidown time. Gasoline engines can
also use renewable fuels such as ethanol to redGgemissions.

Diesel engines have many options in the marketedls Wiesel engines are built to
withstand the higher compression ratio which yigldsnger engine life compared to
gasoline engines. Many of the diesel enginesigdilze are air cooled to reduce cost, but
increasing the size opens new options includingridwemar 2TNV70-ASA. Thisis a 2
cylinder 10.2 kW variable speed engine. This eagsnoversized for the application;



however, it has performance characteristics thatvald steady fuel consumption at half
of the peak powet The performance curve can be found\ppendix V. Running an
engine at lower power than it has been designedntat induces more losses.
Fortunately, cogeneration has the capability tdw&xhese losses in the form of heat. A
bonus to running at lower speed is less wear oettigene prolonging the engine’s life.
Wolter Power Systems, a local distributer, quotesl éngine at $2,400.The Yanmar

can also use biodiesel to reducex@missions. In the code of the MATLAB model, the
100% biodiesel was used to reduce,@@issions.

Natural gas/liquid propane (NG/LP) fueled enginfferaa viable option for stationary
power generation, yet most water cooled are 10 kWgher. One particular engine
made by Marathon Engine systems is a 5 kW watdedangine. The engine life is
over 40,000 hours with maintenance intervals 00@ ,0ours or every 6 months of
continuous usé. Marathon quoted the price of their engine at @2,@ith $75 of
maintenance every 4,000 hours. The Marathon ergginde produced to run on either
natural gas or liquid propane. This engine co@dlbered to burn biogas or hydrogen;
however, there is currently not a distribution asfiructure to support these types of fuel.

Fuel Cell

Fuel cells are a flexible source of power. They eae many different fuels to produce
the hydrogen that is needed for them. They alBr ttie option for grid independence as
well as for the potential for cogeneration with thaste heat. Fuel cells have many
benefits but are hindered by the high initial cost.

Fuel sources such as natural gas and liquid propamée used in the production of
hydrogen for the cell. Other options include reabl® energy sources for hydrogen
production such as wind and solar power. Thesenapie sources would be used to
power an electrolysis process to break hydrogeofafikygen in water. If a low cost or
no cost source of electricity is used to make hgdm the system can become cost
effective. Fuel cells allow for storage of energfich makes it dispensable; this allows
for the option of grid independence.

The fuel cell systems operate with few moving paitisch yield a quiet power source.

By harnessing waste heat, the energy utilizatiotofeof a fuel cell system can be up to
70%2 A low value without using waste heat would berrtead0%° A fuel cell system
can create energy and store it continuously sopbalk demands can be met without
interference; weather related outages would bemuzeid. A 5 to 7 kW system that can
power a 2000 sq ft home is roughly the size okafer chestMost of the wear and tear
can be predicted and remedied before critical failurhe few moving parts of the
system are a benefit as it reduces unforeseengmnsbliThe initial cost of the system may
be eased by government funding as long as sizéreggents are met.

Both the initial cost and the cost of operationaveve that of standard power sources
that are currently being us@é Ballard representative quoted a 1 kW PEM fuel cel
stack designed for residential use that is curydrging used in Japan as being near



$10,000. Fuel Cells are plagued with difficulttadkation, partly due to commercial
unavailability. Although there are many comparied are planning to make a
residential unit available in the next few yeangre are no residential systems that are
available at present. It is required to keep éadls running at a minimum load so that
they will maintain the needed operating temperatdifgis can sometimes mean that the
fuel cell is being run at a load that is highemtineeded just to maintain optimal
running conditions. Although unplanned maintenameg be low, expected failures can
become expensive and are dependent on the fuaesoArDepartment of Defense study
found that a fuel source of natural gas neededntbst component replaceméfiData

for a long term life cycle of a fuel cell systemmist currently available. Units are not
currently commercially available for residentiapépations, so projected base costs and
operational costs vary slightly.

The Department of Defense study also outlinedefpectancy for fuel cells. A large
fuel cell stack averaged around 2485 hours of djperaA smaller cartridge system
averaged around 190 hours of operation but cadsi@guld be replaced with no tools
and without disrupting the energy floWA different site noted that in a residential
system that the cells would have to be completgtyaced within 5 years, even with
proper component maintenanée.

In order to perform the economic feasibility stuatyinitial cost of a fuel cell system was
needed. As stated before, there are no currederdggl systems that are commercially
available, so this figure was not readily availabidter speaking with a representative of
Ballard Power Systems Incorporated, maker of alegdial fuel cell in Japan, it was
determined that the company hopes to release &asiomit in the United States in the
near future. For this reason it was decided tahseost of the Japanese residential fuel
cell as the initial cost for this model. The fealegovernment allows for some tax
incentives which consist of 30% of the initial gdstit cannot exceed $500 per .5
kilowatt.*! For the calculations a 3 kilowatt system wasctettas being adequate to
meet the energy needs of the house. This wouks aivinitial cost of $30,000. This
could then be discounted at the maximum rate o0$&0 .5 kilowatt, which would bring
the initial cost to $27,000.

wind

The wind power density throughout the nation isdid into seven classes with class 1
having the lowest power density and class 7 hathedighest. The majority of
southeastern Wisconsin has a wind power clas§’afitich is the lowest recommended
class for onsite wind electricity generatiohThe average monthly wind speed of
southeastern Wisconsin is low to moderate rangioi 9.2 to 12.8 miles per hour (4.1
to 5.7 m/s)t* The cost of a small wind system ranges from ¥116055,000 per kW® It
is recommended that the wind generator be placedtower that is at least 30 feet above
anything within 300 feet to avoid turbulenGeéMaintenance costs are around $50 per
year, and the production of electricity by wind geators produces no adverse
emissions?



Two different wind generator systems were consutetbe 10 kW Bergey Excel and the
3 kW Whisper H175. The installed systems would §8%,000 for the 10 kW and
$15,000 for the 3 kW Using the small wind spreadsheet model from ti& U.
Department of Energ¥f the power output per month was determined anispayed in
Table 1. By inputting the average monthly wind speed thi® model, the power output
on a yearly basis was determined. In order tdlpaipower back into a monthly basis,
the yearly power was divided by 12 months. This w@mpleted for each of the average
monthly wind speeds for Milwaukee, Wisconsin to pame to the other energy systems.

Assumptions:

Total installed costs of $35,000 for the 10 kW &i8,000 for the 3 kW
Rotator hub height of 79 feet

Availability of 98%

Performance derating of 10%

Monthly power output is the yearly power divided 1% months

Table 1: Wind Power Output Per Month

Milwaukee, WI | 10 kw Bergey | 3 kW Whisper
Month Avg. Wind Power Output | Power Output
Speed (mph) (kwWh/month) (kwh/month)
January 11.86 1,559 594
February 9.62 956 363
IMarch 11.19 1,379 523
April 12.53 1,734 665
IMay 11.41 1,439 547
June 11.41 1,439 547
July 9.40 898 341
August 9.17 841 320
September 10.07 1,075 407
October 12.75 1,790 688
November 11.86 1,559 594
December 11.41 1,439 547
Total 16,110 6,136

Solar PV & Solar Water Heating

This section discusses the benefits and strategigpsoyed for running a home on Solar
Power. Solar radiation can be harvested to créattrieal energy with the aide of solar
photovoltaic (PV) cells. Solar radiation can algochnverted into thermal energy to be
used for heating needs.

The home solar panels were designed with the giratbegenerating enough electricity to
supply 100% of the electrical needs, and 65% ofitftevater needS. Solar powered
cooling is not a viable option as a solar cooliggtem can be shown to cost upwards of
$6,000 per ton of cooling and not sized for residépurposes!’ The electrical strategy
is to generate electricity and sell it back toutiety (We Energies). This will take



advantage of We Energies solar buyback programufiliy company purchases 100%
of the solar PV electricity generated at the rdt®00225 per kilowatt hour through the
program*® The home will then take electricity from the gadd the user, as part of the
“Energy for Tomorrow” program, will use renewableeegy in return at a premium
($0.137 per kilowatt hour). The house’s PV cellf & sized to meet the needs of the
home on a year basis so the net usage comparetheitutput will be essentially zero.

The solar panels were sized using the LBNL Homed@n8aver data,
wholesalesolar.com’s (a solar panel retailer) SBkmel Sizing formula, and data
obtained from the DOE on solar radiation in thevidilikee area. The per month
radiation (in W/ni) was used to determine how large of a systemhamdmany panels
must be used to obtain the required amount of gnerg

The panel chosen was the Kyocera 200W module (KBGZ0model). Using Kyocera

PV Calculator the total electrical system cost walsulated, with tax benefits, such as a
$1.00 per kWh/year or $1.50 per kWh/year rewardngmoney (We Energies will pay
for up to 25% of the total installed cost) and sarage value of $8 per Watt, to be
$22,000*° The system requires a 4 kW solar array at 28.2 m

Table 2: System Costs with Incentives
4kW PV system
Panels Incentive Tax Total
$32,000.00 |$ 8,000.00 [$ 2,000.00 |$22,000.00

Solar water heaters are designed to supply 50-§3#edouse’s hot water neetdt
was assumed that the systems hot water heatesupitily 65% of the hot water needs
from solar and the rest of the heating will be tiylo the conventional Natural Gas
heating. The overall reduction in natural gas fdelater heating proves an economic
and environmental benefit. The owner of the solatewheater will only need to burn
35% of the fuel that a conventional natural gaseldievater heater would. Burning less
fuel will lead to lower emissions from the house.

Figure 1 shows the typical layout of a solar powered whesting system. The thermal
energy provided from the sun raises the temperatuttee liquid (typically an antifreeze
or refrigerant solution). The heated solution flaws shell and tube heat exchanger
where the thermal energy of the solution in theepiffows to the lower temperature
water. The water, once heated is pumped to thevatr tank for holding and further
heating by natural gas flame.
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Figure 1: A Typical Solar Power Water Heater Process Design
(Adapted from GreenBuilder.com)

The cooling to the house will be provided by a d&d high efficiency central air
conditioning unit. A solar powered cooling uninist feasible for residential applications,
based on the size of the systems and the cosiplenment a cooling system.

Solar heating can be achieved through radiantrgpafolar collectors can transfer
thermal energy to a solution just as in solar whgsting or solar cooling. This fluid can
then flow through a heat exchanger and increastethperature of the surrounding air,
or the fluid can flow through the floor and raibe temperature of the floor. The floor
then increases the temperature of the air and ie tikely to hold the heat throughout the
night when the sun will be unable to heat the smhut

A backup system will be required as sizing thersloémater to meet the peak load would
prove to make the system far too large and wouldriseecessary for the majority of the
heating days.

Assumptions associated with Solar Design

-Solar water heaters provide 50-80% of hot wateddé Assumed 65% of needs year as
it is the median value of this range

-Water heating cost is 35% of the yearly values thalue was calculated from the total
therms used for a typical home for water heatingpse

-Cooling is assumed to be using Central AC

-Heating system not sized to meet full heating J&®6 assumed, taken from total
therms used.

-The thermal output from the PV cell is either éisg®ed to the environment or used in the
solar water heating or space heating.

-Family size of 3 peopfé

-20-30 gallons of hot water per person per day

-Space exists for enough panels to fulfill needs
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ll. Feasibility Study

Economic Analysis

We Energies Rates and Fuel Prices

We Energies, the local utility company in Milwauk®&gisconsin, provides electrical and
natural gas services. They offer multiple ratesefich energy source depending upon
the customer’s needs. For electrical service aboust has several options. Residential
rates are either a flat rate or variable ratesuiinout the day according the peak hours.
Business rates only have the peak and off peakyhmtes. Both residential and
business customers can choose the “Energy for Tromboption for a small premium

to receive all of its power from renewable sourcedhe current electrical rate for
residential We Energy customers is $0.0999 pemkitohour (kWh)??> The business
rates vary by the kilowatt hour usage. The natyaalrates vary between residential and
business use as well. The business rates vangemsd application. The residential
rate is adjusted each month to match the markeaevafl natural gas. In this feasibility
study the price for October of 2007 was used atdiusted rate of $1.12 per thefth.

We Energies also has buyback programs for custpmeer generation. For solar
power, We Energies will purchase the power bad0a225 per kilowatt houf* The
remaining renewable energy generating sourcesaagiellie customers rate for electricity.
This includes wind, fuel cells, landfill gas, hyétectric, and biofuels. For non
renewable generation We Energies uses a diffeystdérs. We Energies records the
kWh produced and once the value of this energyhe=a825 using the customers
electrical rate We Energies will write a checkheTkWh that are left over at the end of
the month that do not add up to the $25 amountransferred over to the following
month? This essentially becomes a full net metering progwhen looked at over a
period of several months.

The national average fuel prices of biodiesel,iiquropane, and ethanol were found in
the July 2007 release of the “Clean Cities Alteu®aFuel Price Report.” The national

average fuel price was used because the fuel mreesontinuously changing making it
difficult to quantify a regional averagd.able 3 has the fuels and prices per gallon and

therm?®
Table 3: National Average Fuel Prices

Fuel AveNthg)enl\:I’vrliC:; Z for Units of Price per therm
el Measurement  (10° BTU)
Gasoline (Regular $3.03 per gallon $2.25
Diesel $2.96 per gallon $2.30
NG* $2.09 per GGE $1.82
Ethanol (E85) $2.63 per gallon $3.22
Propane $2.58 per gallon $3.09
Biodiesel (B20) $2.96 per gallon $2.34
Biodiesel (B2-B5) $2.84 per gallon $2.21
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Biodiesel (B99-
B100) $3.27 per gallon $2.79
* Number used from We Energies

Description of Code

The economic model of the system was created in M¥3. The goal of the MATLAB
program was to compare different system optiorteécstandard conventional systems of
the house. First the user selects a system to @@ the standard grid connection.
The system selection menu is shown in step Rigure 2. The Fuel Cell and IC Engine
options require that a fuel and energy strategghtmsen. The Wind system also has the
option to choose between two different sizes. [@kebutton on the system select menu
allows the user the option to input a custom fuedlectricity price. This is shown in

step B.

— System Select -

e Ve g — Fuel Cell
: 4 ; i | | : | G Noemal |
. IC Engine ||

Energy Strategy

Grid Max Power _I

Fuel Type

.7 N i ' . A

~— Custom Values |

MNatural Gas ;I

i Wind
Fuel Price . _
360 Size , _:

Fuusifree

Fuel Price 3 KW

d
¥
<

Elec Cost i Solar

4 =

All

Electric 5

W Custom i ) 12

Figure 2: System Select and Custom Options Menu

Once all the system options are selected the pmograates three graphs. The three
graphs are shown figure 3. The graph labeled as C is the comparison oétieegy

bills of the normal grid connected and the systeokdn into an electric bill and heating
bill. The graph shown as D in the same figurdésdraph of the kilowatt hours
purchased from the electric company. This is aganomparison of the selected system
and a normal grid connected residence. If thecesdesystem shows a negative kilowatt
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hours purchased this would denote a credit to thisé The last graph on this figure is
labeled as E and is the therms of natural gas paethfrom the utility company. The
natural gas is used to heat the house, so thi gvdlshow if there is any heating
benefit gained from the selected system.

Figure 3: The Three Graphs Created by the Program

The total energy bill was calculated for the seddcystem as well as the normal grid
connected house. The yearly bill is the sum oftleathly energy bills over the course
of a year. The average monthly bill is the yeailldivided over the twelve months in a
year. This is shown in greater detail in step Figure 4.

For each system a simple payback was determineddi lmasthe yearly savings on the
overall energy bill. The overall energy bill issthombined total of the kilowatt hours
and the therms purchased which would be comprigbdtb the electrical and heating
needs of the house. The internal rate of retlRR]Iwas determined for all systems that
provide a yearly savings on total energy bills whempared to the standard. The IRR
was found over the projected life of the specifistem and took into account the initial
cost, yearly energy bill savings and the projecteihtenance costs. The value of which
comes from setting the net present value (NPVeto and iterating to find a solution.
This is shown in step G ligure 5. Under the IRR the projected life of the system i
also shown and was used as the time frame ovehwihecIRR was calculated.

13
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The carbon footprint, the amount of carbon dioxpdeduced, of the different systems
was determined, as well as the carbon footprith@mnormal conventional system. The
amount of carbon dioxide produced from one thermatfiral gas was found, as well as
that of one kilowatt of electricity produced by Weergies, which is mostly produced
from coal. The carbon dioxide content from eadd @ption for the IC engine and the
fuel cell was also found. This is also shown gpsB inFigure 5, with the first column
being the grid normal, then the selected systentlathst column is the difference
between the two. In the actual program these gadoe color coordinated whenever they
appear.

The carbon footprint for the normal conventionateyn was calculated from We
Energies emission rate for their energy mix ancetnession rate of natural gas for
heating purposes. The energy mix and emissios fateNe Energies from the EPA
were used for this studyrigure 6 andFigure 7 were adapted from data on the EPA’s
website?’
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Figure 6: Fuel Mix Comparisons
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Figure 7: Emissions Rate Comparison

The amount of carbon dioxide produced from onenthefr natural gas, gasoline, diesel,
biodiesel, and propane were found as differenogtof fuel for the IC engine.
Biodiesel emits 78.45% less G@an regular dieséf. This is used to find biodiesels
emission factor.

16



1 kWh in Wisconsin = 1.556 Ibs of G8

1 Therm of natural gas = 11.68 Ibs of £0
1 Therm of gasoline=15.52 Ibs of ¢**

1 Therm of diesel=16.09 Ibs of GO

1 Therm of biodiesel = 3.47 Ibs of GO

1 Therm of Propane = 13.83 Ibs of £
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Figure 8: Sample Screenshot of Economic MATLAB M odel

The output from the MATLAB model was compiled irdgoe table and is shown Trable
4. Shown in this table are the calculated valueshie IRR, the pounds of carbon per
kilowatt-hour, and the simple payback period. #yatem did not provide for a positive
savings in energy bill when compared to the grichmad strategy it was noted as a loss
for the payback, this is because the consumer woeNdr see a financial benefit from
this system. For this reason the IRR for thestesys was not calculated.
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Table 4: Outputsfrom MATLAB Econimic M odel

System Strategy Payback Period IRR CO, lbs/kW
Fuel Cell
Grid Thermal 12.48 -22.55 0.58674
Grid Electric loss 0.527318
@ Grid Full Power 10.48 -18.14 0.780912
% No Grid 524.63 <-100 0.56934
3
g IC Engine
Grid Thermal 1.696 119.62 0.47826
Grid Electric 58.45 <-100 0.525909
Grid Full Power loss 0.953894
No Grid 2.98 19.44 0.433194
Fuel Cell
Grid Thermal loss 1.33482
Grid Electric loss 0.624384
Grid Full Power loss 3.62883
o No Grid loss 0.674142
- IC Engine
Grid Thermal loss 0.606737
Grid Electric loss 0.622715
Grid Full Power loss 2.53764
No Grid loss 0.512934
IC Engine
2 Grid Thermal loss 0.614964
2 Grid Electric loss 0.69881
© Grid Full Power loss 1.2675
No Grid loss 0.575614
IC Engine
< Grid Thermal loss 0.635149
(%]
.g Grid Electric loss 0.72434
Grid Full Power loss 1.31381
No Grid loss 0.596643
IC Engine
g Grid Thermal loss 0.185985
a Grid Electric loss 0.156242
@ Grid Full Power loss 0.283391
No Grid loss 0.128697
Wind
3 kw 21.18 1.11 0.395313
10 kw 43.32 -4.11 0.284687
Solar
11.91 6.46 0.56175
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As shown inTable 2, there were only four systems that had a posifRR: | the IC engine
on a thermal load strategy with natural gas, then@ine on a no grid strategy with
natural gas, wind, and solar. The best econontioms the IC engine on a thermal load
strategy with natural gas. It has the best paylpaciod that is about 1.70 years and a
reasonable carbon footprint of 0.48 (£08s/kWh).

Each system in the MATLAB model was coded accoigitggaccommodate the
different energy buyback rates and the differemtgrooutputs of the systems. The
specific processes for each system are outlinexhbel

Wind

Of the two different systems analyzed, the sma&lkwW system has a lower initial cost,
but does not meet the electrical needs of the hfmusesery month, and the larger 10 kW
system does not require the home to purchase anfriehl energy from the utilities.
Both systems have a full dependence on the usilibesupply the heating needs of the
home. Also, both of the systems are limited tagback rate of $0.10.

Solar

The solar outputs were based off a 4 kW systenlar @oergy is a renewable energy and
is therefore eligible for a premium sale price 6f2R25 per kWh to We Energies. For this
reason all the electricity produced was sold toutiigies, and the energy needs of the
house were purchased from the utilities. Thisoraenakes the system economically
feasible but does create an issue with the carbatprint that the house would create.
The renewable energy that is made from the solatopbltaic system does not create
carbon emissions, however because all that ensrigging sold to the utilities, that
benefit is seen at different location. As farlaes &ctual house is concerned, the same
amount of non-renewable energy is being purchaséad the standard home, so there is
no reduction of carbon footprint seen at the house.

IC Engine and Fuel Cell Strategies

The IC engine and the fuel cell function on diff@rprinciples, but they were both
operated using the same strategies. Both systseasaufuel to produce electricity with
heat as a byproduct. However both systems haglreliff efficiencies resulting in
different results. The IC engine had an electificiency of 26% electrical and 66%
heat. The fuel cell produced electricity at 40%d arat at 30%. There were four
strategies that were used to find the most advaotagmethod of running the system:
thermal demand, electrical demand, full power, mmuhing with no grid connection. For
all of the strategies both heat and electricity@suced and there must be a load or a
way to dump the excess energy. Dumping the eradsgyreduces the systems
efficiency.
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Thermal Demand Strategy

The thermal demand strategy ran to match the lgeageds of the house. The electricity
produced was proportional to the heat producedefbee, the electricity produced would
not exactly match the needs of the house. Thessxmawer would be sold back to the
utility, or the needed power would be purchasethftbe utility. This allowed the

system to always run at maximum efficiency.

Electrical Demand Strategy

The electrical demand strategy ran the system tohrbe electrical demand of the
house. Therefore, the heating needs were notlgxaet. The heat that was produced
would not meet the needs of the house or wouldesktieem. If the heating needs were
not met, a backup heating system was requirethelheating needs were exceeded, the
excess heat was dumped to the atmosphere throwaglieséor. Dumping the energy
reduces the systems efficiency.

Full Power Strategy

The full power strategy ran the system at its pmatput. This produced the maximum
amount of electricity that could be sold back te thility as well as heat for the house.
This method was efficient as long as all of thet wess being utilized by the house. If
the heat was being released outside through atoadile efficiency was greatly reduced,
making the system expensive to operate. Runniegybktem at full power would
increase engine weatr.

No Grid Strategy

The no grid strategy matched the electrical anditgaeeds exactly. The system
created electricity and heat at a curtain ratibis Tatio does not match the ratio of heat
and electricity the house needs. This strateggesl where there is not a grid connection
therefore excess electricity could not be dumped the grid. Excess heat could still be
dumped to the atmosphere. This strategy ran tolmthe electrical load and check to
make sure it was matching the heat load. If itdrasess heat it would dump it to the
atmosphere through the radiator. If it needed rhesad the system would produce more
electricity producing more heat in the processe &kcess electricity was then run
through an electric heater to produce more hehts was done until the heat and
electrical loads are both met. This system word@idiently as long as the heating needs
were larger than the electrical load.

I1l. Recommendation

It is recommended that the internal combustionmmgsing natural gas with the thermal
demand strategy be used for the residential diggtenergy generation. The system
proved economically superior to the other systeand,by using natural gas, adverse
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emissions are reduced. Recalling the internal emtidn engine with the thermal
strategy, the energy generation is based on tigerggal heating needs. This strategy
allows the system to run at maximum efficiency dgrihese times of heating needs.

The internal combustion engine could easily be enm@nted into not only new houses
but also existing residences as well. The natiorfedstructure can support such a
system because it runs on natural gas. Creatisigeoslectricity and thermal energy
improves the overall efficiency, and therefore uegb the carbon dioxide emissions to
0.48 Ibs/kWh. The payback period for the intec@hbustion engine with the thermal
demand strategy is 1.70 years with an internalohteturn of 119%.

It is proposed to implement the system in the AdeainEnergy Technologies Lab at the
Milwaukee School of Engineering. The system cobkhtbe analyzed and compared to
conventional methods of generating electricity dretmal energy.

V. Timeline

The timeline for the design project is outlinedlable 5. The table contains the duration
of the project from the start date to the finiskedand the resources allocated for the
particular task. Resource allocation does notex@&5% per person in case of any
unforeseen circumstances that would require imneditiention. Due to the small size
of the design group, tasks will be completed bygedup members at different
contribution levels. The contribution levels asndted by the percentage next to each
resource name. The remainder of the design prigjetivided into the two quarters as
denoted by the blank row ifable 5. The Gantt chart for the design project is lodate
Appendix I11.

Table5 Timeline for the Design Project

Task Name Duration |Start Finish |Resource Names

IAcquire Funding/Material 115 days | 11/28/07| 05/05/08|Matt[20%],Jenny[20%],John[20%],Mike[20%]
Determine Constraints 6 days 11/27/07| 12/04/O7|Matt[50%],Jenny[SO%],John[SO%],Mike[50%]
Create Flow Diagram 3 days 12/04/07| 12/06/O7|Matt[50%],Jenny[SO%],John[SO%],Mike[50%]
Design/Choose Components |46 days 12/06/07] 02/07/08JJohn[65%],Jenny[65%],Matt[50%],Mike[50%]
IModel Entire System 6 days 02/07/08] 02/14/08|Matt[65%],Mike[65%],Jenny[60%],John[60%)]
Prepare Presentation 12 days 02/07/08 02/22/08|Matt[65%],Jenny[65%],J0hn[65%],Mike[65%]
Present Presentation 1 day 02/22/08 02/22/08|Matt,Mike,Jenny,John

Design System Interface 10 days 03/03/08] 03/14/08|Matt[50%],Mike[50%],Jenny[30%],John[30%)]

BuildComponents 32 days 03/03/08] 04/15/08}John[50%],Jenny[50%],Matt[30%],Mike[30%]
Assemble Components 11 days 04/16/08] 04/30/08|Matt[65%],Jenny[65%],John[65%],Mike[65%]
Run and Test System 14 days 05/01/08 05/20/08|Matt[50%],Jenny[SO%],John[SO%],Mike[50%]

Prepare Final Presentation |8 days 05/13/08 05/22/08|Matt[80%],Jenny[80%],J0hn[80%],Mike[80%]

Present Final Presentation |1 day 05/23/08 05/23/08|Mike,Matt,Jenny,John
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