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Introduction to Renewable
Energy Resources

>Solar
>Wind

>»Biomass
>»Others

Brief Review of Oakland
University Feasibility Studies
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Calculation of Solar Panle Area Required to
Meet 2002 US Electrical Energy Consumption

Annual electrical energy required

1.25E+19 Joules / yr
3.47E+12 kW hr / yr

Average POWER of full sun at solar panel = 1,000 W / mz_
= 1.0 kW / m*
Average capacity factor 20%

Hours per year

8,760 hours / yr

Average solar ENERGY available to solar panel =

1752 kW hr/m*/ yr
4.8 kW hr / m?/ day

Estimated average PV total system efficiency =
Estimated average system losses =

10%
15%

Estimated electrical energy output

148.92 kW hr /m?/ yr
0.408 kW hr / m* / day

Area required
Area required
Area required
Arearequired

Link to Spreadsheet

2.33E+10 m*
2.51E+11 ft?
5,761,310 acres
9,002 miles®
~Vermont
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Photosynthesis: Nature’s way to convert sunlight,
CO,, water and nutrients into chemical energy

BioMass

Photosynthesis:

CO, + H,0 + solar energy :> O, + glucose

... hature’s battery stores solar energy in chemical bonds of
glucose.

Reverse of photosynthesis:

CO, + H,0O + heat energy <: 0, + glucose

... also called combustion, oxidation, biodegradation
...chemical bonds in glucose are broken




Prospecting
for
Biomass ?

A Geographic Perspective on

the Current Biomass Resource
Availability in the United States

A. Milbrandt

2005
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Primary Mill Residues
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Urban Wood Residues
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Potential Willow or Hybrid Poplar Production on
Conservation Reserve Program (CRP) Lands




Potential Switchgrass Production on
Conservation Reserve Program (CRP) Lands
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Switchgrass on

CRP Lands
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The Wind

16



UNITED STATES ANNUAL AVERAGE WIND POWER
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Mean Speed at 100 m
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Other Sources:

Hydro Power
Geothermal Energy
Ocean Thermal
Ocean Currents
Tidal Energy

Wave Energy

Next,

A Brief Review of
Oakland University
Feasibility Studies
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Wind Power Option

for Oakland University

There were two parts of the study

* Wind Speed Study Results
*Wind speed was recorded for two years at
a 50 meter tall “met tower” located on the

south side of the main campus
*Data collected for 2006 & 2007

» Feasibility Study Results
*This data was then used in a full
engineering and cost analysis for one or
more wind turbines for the Oakland campus

20



Average Wind Data Results

Height Wind Speed Method

30m 3.0m/s measured

40 m 3.6 m/s measured

50 m 4.1 m/s measured

75 m 5.2m/s calculated

80 m 5.4 m/s calculated

100m 6.2m/s calculated
N 1Y Hereis asmall sampling
. A of the type of data gained

Frequency (%)

S‘

in the wind study

0

5 10
Meters per second

15

Wind Speed Frequency Distribution at 50 Meters
(percent time for each wind speed)
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Average of CH2Avg 50m Anem Power D enity

100 W/m?

150, W/m2

Annual Average Wind Power Density
Wind.Rose at 50 Meter Height
. (shows magnitude and direction
of annual wind power potential)
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Frequency of Wind Speed as Height Increases
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Frequency of Wind Speed as Height Increases
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Frequency at Given Wind

Frequency of Wind Speed as Height Increases
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Frequency at Given Wind

Frequency of Wind Speed as Height Increases
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Frequency at Given Wind

Frequency of Wind Speed
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Wind Turbine Production (kWhr)

Energy Production (kWhr) as Height Increases
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— Here is a
typical wind
turbine under
consideration

1,500 kW each

77 meter blade
diameter

- 100 meter tower
ot 514 | l F
|
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Machine Frame

Rotor Blade

[llustration of turbine components

$0.225
— Ten Year History of Detroit Edison Rate
$0.200 - .
— 3% Escalation Per Year
$0.175 - | — 4% Escalation Per Year
—Fixed Wind Power Cost
$0.150
$0.125 -
$0.100 :
$0.075 J Average Fixed Wind Power Cost
$0.050
$0.025 -
$0.000
\] S H Q H W] "l N
& & & S s g g &

Projected Cost per kW-hr Electricity Over 25 Year Project
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$3,000,000

$2,500,000 [

$2,000,000 [

$1,500,000 [

$1,000,000

$500,000

B Net Annual Cash Flow

B Cumulative Cash Flow

15 year CREB @ 0%
20 year financing on
remainder @ 4.5%
3% utility cost escalation
3% O&M cost escalation
1.5 cent/kWhr REC's

$(500,000)

Net Annual and Cumulative Cash Flow Over 25 Year Project

(construction in 2009, beginning operation in 2010)

Biomass Power Option

for Oakland University
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Wood supply

Campus growth &
future needs

Wood boilers
Proposed sites
Costs & savings

We looked at 14
counties in SE
Michigan & found
1.7 million tons of
urban waste
wood per year
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Luce

wl— .-

Grayling Generating Station
Grayling, Ml 1991
Capacity 38,000 kW
400,000 GTlyr

TEF Filer City Power Station
Filer City, MI 1990

Capacity 60,000 kW

40,000 GTlyr (cofire with coal)

Viking Energy - McBain
McBain, MI 1988
Capacity 18,000 kW

Emsi;iﬁg biomass power plants
R Y. NG

Hillman Power Co.
Hillman, MI 1987
Capacity 20,000 kW
220,000 GTlyr

Viking Energy - Lincoln
Lincoln, MI 1989
Capacity 18,000 kW
160,000 GTlyr

| Clair )
2

210,000 GTlyr o o] v
Cadillac Renewable Energy F T E;,mn;,...f 7
Cadillac, MI 1993 S P i Rl Pl }
Capacity 39,600 kW J Cacs | Sect | pranch a7 Wonroe
mn'mo GT,{Yr ) “Barran osoph \\\_ _D_I"aﬂj a.

|| Proposed Wood Supply Counties

Central Michigan University
Mt. Pleasant, Ml 1984
Capacity 1,200 kW

40,000 GTiyr

Genesee Power Station
Flint, Ml 1996

Capacity 35,000 kW
360,000 GTlyr

Nearby wood
recyclers could
easily serve the
new system

32



J.Z.Hart &
urban
FORESTRY

6 o

ENVIRONMENTAL
Wood Solutions

Orion, MI
248 391-9446
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Other campuses
heat with wood

= Central Michigan
University

= Northern Michigan
University is
developing a plant

35



CMU

Wood
: Boiler
) Plant

-

L B
I ' most of
campus)

| (note: only water vapor
is coming from stack)
photo - Jim Leidel 2005

Next we look at
the future needs
for campus:

1. Replace aging
boilers

2. More capacity
for future growth

36



Existing Central Heating Plant

Unit Capacity Year Agein years/
(MMBTU/hr) | Installed Condition
B-1 100 1969 39/ good
B-2 100 1969 39/ good
B-3 34 1959 49 / fair
B-4 32 1957 51 / marginal
Total 265
25,000

1997 2002 2007 2020

B Undergraduate B Graduate

Oakland University Ten Year Fall Enrollment Growth with 2020 Vision
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Millions $8.4M

$8

$6

$4 |

$2 t

$0

1997 2002 2007 2020

B Electric cost B Natural gas cost

Oakland University Ten Year Energy Growth with 2020 Vision
2020 Projection based on $0.085/kWhr electricity and $11/MMBTU gas

We then looked
at various wood
boiler systems
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EPI Fluid Bed English Stoker
(Steam & HW) (Steam & HW)

Hurst Stoker Vynke Stoker

(HW Only)

(Steam & HW)

Typical Vynke
Plant Layout

S e
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Artist’'s Renderings

Three
Proposed
Site
Locations
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Annual operating
savings are in the
range of $1.5 million

6} % [
A

=N PR |
----------
=\l —@NR =

$4.0
O Ash Dispos:
@ Mainte
$3.0 4| el el bl el o] | mLabor
OWood
Natura
Power

Annual Operating Costs, $MM
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Overview of an Integrated, Renewable
Energy Supply Infrastructure

filters

(6]

Biomass
Boiler

Wood

7
chips i
A Ll - Ll

Hot &Chilled Water to
l Condenser QOakland University Campus

Overview of an Integrated, Renewable
Energy Supply Infrastructure

Steam-
turbine

Biomass ash

Biomass T l
Boiler =5

Wood
[ - - Hot &Chilled Water to
;s Absorbsion Chillers Qakland University Campus
l Eancpneor in DHE, NFH, & VAH
(Can serve 37% of campus)
Biomass ash
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Overview of an Integrated, Renewable
Energy Supply Infrastructure

Utility Power

filters
o
fan
Steam-
1 turbine

Biomass ash

Substation

Generator 5
Sustainable Power

Biomass T
Boiler —>
Wood = L W) 5
- - Hot &Chilled Water to
Absorbsion Chillers Qakland University Campus
l sopginoR! in DHE, NFH, & VAH
iCan serve 37% of campus)

Biomass ash

Overview of an Integrated, Renewable
Energy Supply Infrastructure

Utility Power

n

Existing Diesel

Generators for L -
- I—;

Backup & Peak Power gg ——
(Biodiesel Capable)
filters
(O]
fan Steam
eam-
l turbine $ Substation
Biomass ash
oanerator %Sustainable Power
Biomass T
Boiler —»

i
chips
[ P ] Hot &Chilled Water to
Absorbsian Chillers Qakland University Campus

Condense
l esnoor in DHE, NFH, & VAH
iCan serve 37% of campus)

Biomass ash
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Overview of an Integrated, Renewable

Energy Supply Infrastructure

filters

.
(0

fan 1

Biomass ash

Biomass
Boiler

Existing Diesel
Generators for

Utility Power

I
Backup & Peak Power l.— I — 'If . &1:;,.,':%4_‘“‘\
(Biodiesel Capable) LI Y 3 ||
. — |
|
B =) - 5 : e
Steam- & - Wind Turbines
Ll &/ sudstation
Generator

Wood

!

Biomass ash

Sustainable Power

-1

Condenser

Hot &Chilled Water to

Absarbsion Chillers

in DHE, NFH, & VAH

iCan serve 37% of campus)

Overview of an Integrated Renewable Energy Supply Infrastructure

Existing Fossil Fuel Proposed Renewable
Mix Energy
Thermal | Electrical | Thermal | Electrical
(Heating) (Heating)
Central
Heating Plant 100% 20%
(natural gas)
Detroit
0, 0,
Edison 95% AV
Diesel 5% 10%
Generators
Biomass
0, 0,
Boiler Plant el <l
Wind 20%
Power
Totals 100% 100% 100% 100%

Qakland University Campus




Biomass &
wWind
Power

Sustainable
Energy Options
for the Future
of Oakland
University

For more info visit www.oakland.edu/enerqy

|@ OU Energy - Mozilla Firefox
Flle Edit View Go Bookmarks Y¥ahoo! Tools  Help

Ga- i - D) &L rmiienoskend.edyfenergy

About OU Academics Research Arts Athletics Library T Administration Jobs News
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,‘:»x;‘;'xt; Energy Management
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ies Management idick here)
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A OU’s Investigations into Wind Power

Oakland University will be investigating local wind power resources on carmpus with the installation of a 50

meter tall, wind sensor tower. It will be located several hundred yards south of Pioneer Drive, near Squirrel

oad. Please visit Alternative Energy Solutions web site for more information and a press release

Home Energy Saving
Tips

Click here to Ilsa, for information on wind pewer in Michigan and elsewhere, click here....
activate your &
monitor sleep University Energy Usage & Cost
mode... Take a look at the historigal usage and cost of the west campus utilities over the past decade. About $275 is
{will net work on WT) [lspent each year per Full'Year Equivalent Student. This equates to 5 to 6% of a full time student's tuition
hased on 16 credit hours for two semesters) more info...

Newsletters . . .
Dec 2003 lssue 1 Jniversity Energy Purchasing
- Jan 2004 lssue 2 Click here to leamn more on how Oakland University spends its §5 million dollars each year to heat, cool, and

- Spring 04 lssue 3 power our fine institution
- Winter 04 Issue 4 . .
_Fall 2005 Issue 5 QU Photovoltaic - Solar Electric Roof

U was recently installed a 10k photovoltaic demonstration
Greern lproject on the roof of the student apartment Community
- Building. The produced electricity fram 580 Uni-Salar PY
COH)!J:UT[HH shingles and is tied directly to the University electrical arid..
Guide

[Click here for more information...

Links Does Michigan have a plan for renewable energy?
Click hara
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