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Participant Information

A This webinar will be recorded

A Attendees will be muted

A All questions and comments can be submitted in the chat box

Alf you are having trouble hearing the audio, please let us know via
the chat dialogue box

A Presentation will be available on GEO website in late May



Governor's

,\,_1, Energy Office

Presenters:

Conor Merrigan, LEED-AP
High Performance Building Program Manager

Governor 6s Energy Off

Renée Azerbegi, LEED-AP, CEM
President

Ambient Energy

Mike Kaufman, MS, E.I.T
Building Performance Engineer

Ambient Energy

Introduction




ot oy
& A N
w/
&l

t .f E(r}]méefngog;oﬁlce & s |ntI’OdUCtIOn

&)

a7e

RECHARGE
COLORADO

GEO Mission

To lead Colorado to a New Energy Economy by advancing energy
efficiency and renewable, clean energy resources.
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High Performance Building
Program Services

A Training & Education

A Tools & Best Practices

A Technical Assistance to
Partner Program Projects

A Support State Policies

http://rechargecolorado.com/index.php/commercial and public/public buildings/high per
formance building/how to participate/
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Tools & Best Practices
A Flex Energy

A Sample RFPs
A Case Studies
A Best Practices by Building Type

AHi gh Performance Owner 6s Manual
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Flex Energy
A Plan for shifts in energy use

A Decide which energy sources
might be appropriate for your

building

http://rechargecolorado.com/index.php/commercial
and public/public buildings/high performance build
ing/program resources/
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Workshops
A May 19: High Performance Building Introductory 101 & 201: Durango

A July 29: High Performance Building Introductory 101 & 201: Steamboat

Webinars:

A May 27: Tipping Point: How to Reach the Energy Savings Needed for

Net Zero Buildings

A June 15: Evaporative Cooling

A June 22: Intro to Geoexchange and Ground-Source Systems:

AJuly 15 & 22: Deep Energy: Major Renovations:

A Late July : Commissioning, Measurement and Verification

http://rechargecolorado.com/index.php/commercial and public/public buildings/
high performance building/workshops and webinars/
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Global Renewable Energy Trends

'Flgure 37 Benewable powet generatlon and capacity as a
proportion of global power, 2003-2008. %

~&- Renewable power capacity
addition as a % of global power
capacity addition

~-&- Renewable power generation
Increase as a % of global power
generation increase

= Renewable power as a % of
global power capacity

23% Global Clean-Energy Projected Growth
: 2008-2018 (<us nillions)

© Biofuels
d o : " g
B 2018
» $1.30.1
: -‘su
o
«6.2% } 29.6

=4.4%

—a— Renewable power as a % of
global power generation

%= 5:0% =54%

a35Y36%=35%

=4,

=3-9% =
384 o3
: " . . y . : TOTAL
g 2002 2003 2004 2005 2006 2007 2008 : _ #1159

------------------------------------------------------------------------------

------------------------------------------------------------------------------

Source: EIA, IEA, New Energy Finance, Global Futures, UNEP SEFI
Global Trends in Sustainable Energy Investment, 2009, SEFI UNEP Global Clean Energy Trends, 2009

4 to 6% renewable
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US Renewable Energy Trends

Solarpy Wind - Biomass 13% renewable

1.2% 6.7%

0.2%
Geothermal
0.6% \
Hydro
4.5%

Nuclear
14.1%

Coal

Source Energy Information Administration, 2009 11
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Colorado Renewable Energy Trends

8% renewable
Other

Renewables

Hydro 5% Natural Gas

24%

Coal
68%

Source : EIA, Jan 2010
12
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Eat your high performance vegetables
before your renewable energy dessert!

Target 40 to 70% energy savings first!

13
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Net Zero Energy
A Site

A Source

A Cost

A Emissions

Image: GlobalForce

14
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Grants
http://www.rechargecolorado.com/?/resources/category/funding-opportunities/
A Enter your zip code to find available rebates,
Incentives and contractors
A Check website often for updates
A Process:
o Release of Request for Applications
(RFAS)

o One week for questions

o Answers posted one week later

o Application period ends one month from release

16
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May/June Grants of Interest
http://rechargecolorado.com/index.php/resources_overview/funding_opportunities/#section4
A Renewable Energy in Public Buildings: Now Open

A High Performance Design: Now Open

A Above Building Code: Now Open

A High Performance Building Program: Now Open

A Sustainability Mgmt. Systems(SMS) For School Districts: Now Open

A Geothermal Advanced Project Development Grant: Now Open

A Renewable Ready Buildings: Mid-May

AWoody Biomass Feasibility Analysis Grant: June

A Solar for Non-Profits: June

17
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Additional funding sources can supplement energy

and maintenance cost savings

APerformance Contracts .. Maintenance

A Utility Incentives Costs

ADOLA Grants

A GEO Grants

A Capital Funds

ADSIRE Website Prior to Performance After Performance
Contracting Contracting

18
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Federal Energy Legislation
A Energy Independence and Security Act (EISA) of 2007

A DOE Office of Commercial High Performance Green Buildings
A Establishes an initiative for net zero energy buildings by 2025
A Program for pre-2025 buildings to be zero energy by 2050
A Federal Agencies:
A 30% hot water demand by solar hot water equipment when
life cycle cost effective
A Green house gas reporting
A Energy intensity reduction of 30% from 2005 level by 2015
A Net zero energy by 2030

21
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Colorado Energy Legislation
A Colorado Executive Order D01107: Greening of State Government
A Reduce overall energy use in all state facilities by 20% or more by
2011-2012 from 2005-2006 levels
ARenewable Energy should be supported by GEO through

outreach and technical assistance on state buildings

22
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Colorado House Bill 10-01
AHB 10-01
A Provide 30% overall renewable energy by 2030 (increase from
20% from Amendment 37)
A Requires 3% of total retail electric sales to be from distributed
generation by 2020
A Signed into law April 2010

23
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Col oradods Hi gh Performan»c’e Certif
Program (HPCP)

Senate Bill 07 -51;

A Developed Sept. 2007, updated in Feb. 2010

A25% fAeasaist edo

A 5,000+ SF

A HVAC System

A Renovation Exceeds 25% of Current Value

A Achieve LEED Gold OR CO -CHPS Verified Leader
A Target Gold + Sustainable Priorities

24
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Photovoltaics
A The photovoltaic effect refers to photons of light knocking electrons into a
higher state of energy to create electricity
A Solar cells produce electricity from sunlight
A Does not create significant demand savings

‘& Financing flexibility through Power Purchase Agreement
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e CSP GDA :
B 5305767 KWhjmajday annual

27
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Solmetric SunEye (or Solar Pathfinder)
A Maps the solar resource for a specific location
A Looking for 90% or greater availability
A Utilizes TMY weather data

28
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PV Cell Types

Single Crystal * Multi-Crystal * Thin Film * Cadmium Telluride * CIGS

.

14 to 23% 13to 17% 6 to 11% 10% to 11% 12% to 14%

NREL

29
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Design Considerations

Governor's

Energy Office

RECHARGE
COLORADO

Design Considerations

A Resource

A Building electrical demand/load

A Location (ground, roof)

A Tilt angle / azimuth
A Local shading

A Panel spacing and density

30
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Design Considerations

Alnverter /string configuration

A Inverter location

A Tracking versus fixed

A Efficiency and type of panel

AVendor List: Colorado Solar
Energy Industries Association

http://www.coseia.org/newsite/

iIndex.php

Solar PV
“% Design Considerations

31
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Sizing

A Determine building load and determine
desired electricity production

A Use rules of thumb to determine feasibility

A Use PV Watts calculator for estimates of
energy production/savings

A Use RETScreen or other detailed design

tool for more exact calculations

Solar PV

Sizing

@ RECHARGE
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P

rredc.nrel.gov/solar/calculators/
PVWATTS/version2/

RETScreen®
International

www.retscreen.net

32
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Rules of thumb

A Optimum tilt angle = site latitude

A Optimum azimuth angle = south ( + 45 degrees is acceptable)

A Typical cost: 6-10 $/watt (watts in rated DC)

A Typical production: 10 watts per square foot (watts in rated DC, depends
on panel efficiency)

A Cost effectiveness occurs when electricity rates approach $0.20/kWh

(NREL)

33
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Incentives

A http://www.dsireusa.org/

A http://rechargecolorado.com/index.php/resources overview/funding opp

ortunities/#section4
A GEO rebate: Up to $1.50/watt for the first L0kW. The payment may be

less if local incentives are available (up to $3/watt total rebate).
A Xcel Energy Solar Rewards:
A $1.50/watt for systems up to 10 kW and $0.11-$0.125/kWh for larger
systems (higher incentive for larger systems); 20-year contract
A Rebate ($2/watt) + REC purchase

A Renewable electricity production tax credit (PTC)

34
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Pros

A Reliable, consistent resource for most Colorado locations
A Panels have long life (warrantee for 25 years)

A Demonstrative

A Cost is going down

Cons

A Expensive & Low efficiency

A Intermittent operation (dependent on sunshine)
AWired in strings typically

A Limited demand charge reduction

35
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Example

A Fossil Ridge High School

A5.2 KW PV Panels

A Provides shading of windows

A Offsets emergency generator

A Buildings is 60% below ASHRAE
90.1-1999 in energy usage

A Building saves $153,076

annually in energy cost

Solar PV
Example

36
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Trends

A Organic Solar Cells

A Nanosolar

A Building Integrated
Photovoltaics (BIPV)

APV will grow from a
$29.6 billion industry
in 2008 to $80.6
billion by 2018.
(Clean Energy
Trends 2009)

Table 1: TOP TEN STATES BY 2008 CAPACITY
Ranked by Grid-Connected Photovoltaic Capacity Installed in 2008 (MWy/yr)

Solar PV
Upcoming Trends

2008 Rank by State | 2008 2007 07-08 2008 2007

(MWge) (MWge) % change | Market | Rank
Share

1. California 176.0 91.8 92% 61% 1

2. New Jersey 22.5 204 10% 8% 2

3. Colorado 21.7 11.5 88% 8% 4

4. Nevada 14.9 15.9 -6% 5% 3

5. Hawaii 8.6 2.9 200% 3% 6

6. New York 7.0 3.8 85% 2% 5

200

150

MW-DC

100

[

RS0 -

1999 2000

2001 2002 2003 2004 2005 2606 2007 2008

W< 500 kw
@ > 500 kw

Fig. 5: Non-Residential Grid-Connected PV Installations by Capacity (1999-2008)

IREC 2009 Updates and Trend Reports, Sherwood

37
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When to Choose Photovoltaics?

> Solar PV
When toschoose this renewable?

A High electrical usage rates (not demand)

A Demonstration
A Creative financing or incentives

A Building is as efficient as can be (40 to 80% better than code for new

buildings)

In November 2006, 10
kilowatts of photovoltaic
panels were added to the 9th
floor penthouse roof. The
array is composed of 48
panels, which produce 215
watts each. The grid-tied PV
system provides power when
the emergency generator is
running to reduce generator
load and fuel consumption.

EPA Headquarters, EPA, Denver

RECHARGE
COLORADO

38
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Solar hot water
A Using solar radiation to heat water
A More efficient than PV
A Wide variety of applications
A Domestic hot water

A Heated swimming pools

A Preheat heating water
A Housing (single family, dormitories, or barracks)
A Clothes washing

A Cooking

A Industrial

40
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Resource investigation
A Similar to PV resource assessment
A Numbers to focus on
A SunEye plot (resource availability) 90% or higher
A Maximum daily solar radiation (I,,,,) T kWh/m2/day
A For sizing calculation
A Average daily solar radiation (I,,.) T kWh/m2/day

A For annual energy production/savings calculation

41
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Solar Hot Water
Types

Unglazed EPDM Collector

Extruded "Mat" with Flow Passages

/

Flow from Manifold Through Passages

Evacuated Tubes

Return Tube
Supply Tube

Glass Envelope

Absorber Tube

Reflector

Flat Plate

Single or Glazing Frame
Double Glazing Temperature
To erant
EPDM or Gasket
Equivalent____ ¢
Grommet
Box

Flow Passages Jemperature
Absorber Backing

Tolerant
Plate Insulation

Parabolic Trough

Concentrator

Reflective Surface Receiver

Tracking/
Mechanism

NREL

42
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System configurations
A Active or passive
A Direct or indirect

A Open loop or closed loop

collector

m_[hot out

aux
tank

heat
exchanger

solar
preheat
tank

cold in

NREL 4
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CEes
Design Considerations
A Resource
A Hot water demand/load
A Temperature needs
A Location (ground, roof)
A Tilt angle / azimuth

A Local shading

A Backup
A Efficiency/type

Jefferson County Jail Parabolic Trough Collector System
A Overheat NREL pics

A Freeze protection

44
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Design Considerations

A Solar Rating and Certification Corporation

A Independent certification of solar water systems

A Provide efficiency curve and annual performance data
AVendor List: Colorado Solar Energy Industries Association

http://www.coseia.org/newsite/index.php

45
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Efficiency = % of solar captured by collector

100%

unglazed are best for
~0 to 10°C above ambient

flat-plate are best for ~10°C
l to 50°C above ambient
¥ evacuated tubes are best for
| more than 50°C above ambien

80%

0.1 0.2 0.3
temperature above ambient (°C)

solar radiation (W/m?) NREL

46
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Sizing
A Determine building load and determine desired energy production
ASi ze system to meet | oad on the s

A Sizing calculation

Load,,, (kWh/day
Efficiencys, gl Max,mun(kWh/rﬁ/day)

Abollecto r( )

A System efficiency typically about 0.40
A Tank size about 1.5 gallons per sf of collector
A Use RETScreen or other detailed design tool for more exact

calculations for specific panel type

47
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Solar Energy Consumption as Percentage of Total Consumption

.. o
Sizing .
A30% of load example at ..

Ft. Carson s
-
4,000,0

A Annual simulation

T T T T T T T T T T T
Feb  Mar g May Jun Il Aug Sep Da Mav Dac

Solar Contribution 251,596, 727 Biu I Total Energy Consurnplion 876,862,495 Biu

Daily Maximum Collector Temperature

.l l\m # M Wjdx M‘W

[*F]
BESBREGIYBEEHE
=
—
=

T T T T T T T
T Juuil Aug Sap Okt Mo D

R
;
-n—
&
=
g
=
=
—_

W oo Office. | Solar Hot Water
S % . Sizing
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Rules of thumb
A Optimum tilt angle = site latitude
A Optimum azimuth angle = South ( + 45 degrees is acceptable)
A System cost:
A Around $40/sf for large systems (commercial)
A Around $100/sf for small systems (residential)
A Cost effectiveness (NREL):
A Typical payback is 10 -15 years for many CO locations
A Always if using electricity for water heating
AWhen natural gas rates are around $1.20/therm or higher

AWhen propane rates are around $3.00/gallon or higher

49
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Incentives

A http://www.dsireusa.org/

A http://www.rechargecolorado.com/
A GEO rebate: 30% of total
Installation cost for a payment of up ;

to $15,000. Payment may be less if

local incentives available — ‘

> G @ rampewtenitee A o eloemalon on Glile locl ATA St B0etd e arivis et P TRL proes
1y @t energy ¥Boatny Estattones » YIRS et e 0y e U 3 Dematrant of Eraege. DEFE 5 a»
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Summm vy Teblet
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Pros

A Less expensive renewable than PV

A Reliable resource for most Colorado locations
A Higher efficiencies

A Panels have long life

A Demonstrative

Cons

A Overheating can be an issue

A Efficiency drops off with higher temperatures

A Intermittent operation (dependent on sunshine)

A Few rebates 51
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In Colorado

AWe are 8t for Solar Water Heating

120

100

80

M Rest of U.S,

“« B Haveal

40

20 +

2002 2003 2004 2008 2006 2007
Yoar

Fig. 7: Annual Installed Capacity for Solar Hot Water and Space Heating (2002-2007)

Based on analysis of collector shipment data from EIA.
52
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When to choose Solar Water Heating

A High HW load (detention centers, multi-family housing, rec centers)
A Heating hot water load tied to recirculation system

A High temp hot water needs

A High fuel or electricity prices

A Incentives or creative financing

A Demonstrative

53
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Sun warms a dark surface

Heat conducts from surface to

t her mal Aboundary
1 mm thick

Boundary layer is drawn into
hole by fan before heat can
escape by convection

Boundary

layer - 1 mm Fan at top every 100 feet or

tied to outside air intake of air
handling unit

NREL
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Resource investigation
A Similar to PV resource assessment
A lmportant considerations
A South facing wall with minimal shading
A Need to allow some clearance under wall for snow build up

A Average (winter) daily solar radiation (I,,.) i kWh/m2/day

AAAAAAA
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Design Considerations
ASol ar access (shading, etcé)

A Outside air load

AOut side air bypass (unwanted heat
A Collector size

A Collector color (high absorptivity)
A Heating degree days

A Hours of operation

57
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Collector sizing

A Size wall for minimum outside air intake

A Typical collector preheats around 2 cfm/sf (RETScreen)
A Divide the minimum OA by 2 for collector area (sf)

AInclude pressure drop seen by HVAC system in fan design

58
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Rules of Thumb

A System cost ranges from 2571 35 $/sf

A Cost varies significantly if planning on doing a
metal wall anyway

A Typical wall efficiency ranges from 60 i 80%

A Typical payback is 2 i 5 years for all CO locations
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Pros

A Very low cost

A Extremely reliable (no moving parts but fan)
A High Efficiency (up to 80%)

A No problems with freezing or fluid leaks

A No storage required

Cons
A Only useful in colder months (heating season)

A Not very useful if other energy recovery systems is being used
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When to choose Transpired Solar Collectors
A High outside/ventilation air requirements
A South facing metal panel already planned on facade

A South facing penthouse or mechanical screen
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A Very low cost
A High wind class areas best

A Consistent wind, not strong erratic
wind needed

A Current designs produce electricity for
5-8 cents/kWh at Class 5-6 wind sites
(15 mph or higher
average wind)

A Could be educational
component
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600,000

Colorado - Wind Resource Potential
Cumulative Rated Capacity vs. Gross Capacity Factor (CF)

Rated Capacity Above Indicated CF (MW)

The estimates show the potential megawatts of rated
capacdity that could be instalied on land above a given
gross capacity factor (without losses) at 80-m and 100-m
heights above ground. Areas greater than 30% at 80 m are
generally considered to have suitable wind resource for
potential wind development with today’s advanced wind
turbine technology. AWS Truewind, LLC developed the
wind resource data for windNavigator®
(http://navigator.awstruewind.com) with a spatial
resolution of 200 m. NREL filtered the wind potential
estimates to exclude areas unlikely to be developed, such

%0000 | as wilderness areas, parks, urban areas, and water
features (see Wind Resource Exclusion Table for more
detail).
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Wind Turbine Types
A Horizontal axis (HAWTS)
A More common
A Rely on prevailing wind
direction
A Vertical axis (VAWTS)
A Can handle wind from
any direction

A Lower cut-in speeds
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Design considerations
A Capacity factor (CF) describes potential of a wind project

A Dependent on wind speed, consistency, and type of turbine

CF — EnergyActual(kWa
Er]ergx/laximu n(kwr)
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Design considerations
A Average wind speed (mph) and direction (real data is preferable)
A Much more important than peak
AWind energy production
A Proportional to velocity cubed (v3)
A Proportional to swept rotor area (A)
A Power curve
A Cut-in speed; Cut-out speed
A Actual power production at operating conditions (as opposed to

rated conditions)
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Design considerations

150

AWind shear (variation in wind

profile with height)

120

A Zoning restrictions can be

w
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the limiting factor for turbine

Tower height, ft

height

o
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Wind

“% Design Considerations

Wind Speeds Increase with Height
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0 41 75
Increase in wind power, %

U.S. Department of Energy, Guide to Small Wind Electric Systems

02 572308m
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Design considerations
A Tower height

A Surrounding obstructions

Obstruction of the Wind by a Building
or Tree of Height (H)

U.S. Department of Energy, Guide to Small Wind Electric Systems 70



Governor's

CETY Energy Office

(&= RECHARGE
\ & COLORADO

Sizing

A Determine building load and determine desired energy production

A Use RETScreen or other detailed design tool for more exact
calculations for specific turbines

AInputs can be tuned to achieve desired output
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Rules of thumb
A Capacity factor should be around 20% or greater for cost effectiveness

A Cost
A Smaller turbines (100 kW or less) cost around $5/watt installed

A Large turbines (500 kW or greater) cost around $2/watt installed
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Incentives

Dwtabase of State inc

amirvey for Remewables X FMciomcy

A http://www.dsireusa.org/

) 5 4 comaretandne soune of nmaon on state, iocsl U8y and Nedersd iea s wtd Deticies Tl prossal
Imrwrwatyte arrgy W nmegy sPiomecy Eatebinted i 198 ang lrind by the U N Departtrend of Kneege. DGISE s w1
g UM e NC Dot Camder o J wrwwalie Enengy Counnl

Chaoes AN ar Suih Tibd s E F ~
pen o ederal Incentives
T ——— Y © Fetrebbe |y 17 Wy €90 bovecy E ]

A http://www.rechargecolorado.com/

A Up to $1.00/watt for the first 15 kW.  mmm.

L HIW'I.

The per-watt payment may be less if ... h i8]

local incentives are available. ‘..

A Renewable electricity production tax
credit (PTC)
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Pros
A Low cost where resource is available

A Can produce energy at night when solar is unavailable

A Very demonstrative

Cons
A Only cost effective where good wind resource is present

A Surface roughness near buildings reduces site potential significantly

A Wind resource is highly variable
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Example assessment
A From www.energyincolorado.org/
A Bergy Excel-R small scale turbine (7.5 kW rated capacity)
A Boulder, CO
A 7,200 kWh annual production

A 11% capacity factor
A 52 year simple payback
A Cheyenne Wells, CO
A 22,000 kWh annual production
A 33.5% capacity factor; 17 year simple payback
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Example

A Prairie Hill School with small scale
wind turbine

A 10 kW system size

AWind and PV bring facility to net

Zero energy
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Upcoming trends

A Wind power is projected to expand from $51.4 billion in 2008 to $139.1 billion in 2018.
Last year's global wind power installations reached a record 27,000 MW. In the U.S.,
which accounted for more than 8,000 MW, wind installations represented more than 40
percent of total new electricity generating capacity brought online in 2008 -- and

moved the U.S. ahead of Germany as the world's leading generator of wind energy.
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When to choose a Wind System?

A Demonstrative

A Remote location

A No prohibitive zoning laws/restrictions or other issues with appearance
A High electrical prices

A Good wind resource (Class 4 i 12 mph or higher)

A Creative financing or incentives
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Biomass
A Burning biofuel to produce energy for heating, cooling, and/or

electricity generation
A Considered CO2 neutral on human time scale

A Many different sources and forms (combustion, gasification,

biochemical)

Woody biomass fuel source Biomass fuel pellets Biomass furnace
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@ EPA LMOP LandSills
up 10 14,840 Dry Tons
14 841-42,731

A2. 73295023

B 95024199.644

‘j B 199.645368m

w— | terstate Highways

@ Montrose

3 st ey i)

Toe -
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Woody biomass as a fuel source
A Fuel costs usually range from $80 - $100 per ton
A Varies significantly based on fuel specs and amount of processing
A Transportation typically accounts for 60 i 80% of the fuel cost
A Locating a nearby fuel source can be crucial
A Colorado pellet production locations
A City of Kremmling i 150,000 tons supply capacity
A City of Waldeni 150,000 tons supply capacity
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Design considerations

A Fuel consistency and moisture
content are common issues with
low-grade fuels

A Industry of fuel providers,
manufacturers, and suppliers are
loosely organized

A Interested facility must establish a

supply chain

Biomass

™4 Design Considerations
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Biomass furnace
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Biomass Trends

A By 2007 biofuels consumption (biomass for the transportation

sector, primarily ethanol and biodiesel) totaled more than 1,000 trillion
Btu for the year accounting for 53% of US renewable energy production.
A Biofuels (global production and wholesale pricing of ethanol and
biodiesel) reached $34.8 billion in 2008 and are projected to grow to
$105.4 billion by 2018. In 2008 the global biofuels market consisted of
more than 17 billion gallons of ethanol and 2.5 billion gallons of biodiesel
production worldwide. (Clean Energy Trends 2009)
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Incentives

A http://www.dsireusa.org/

Database of State Incemt

rvey for Rumewables & [Mcioncy

A http://www.rechargecolorado.com/

A GEO grant: Up to $750,000 available

Chaoes O o S Tibisns
et AT

for woody biomass utilization projects
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Example
ANREL biomass plant
A Operated by Ameresco
AWood chips as fuel source
(beetle kill pine)
A Brings NREL campus closer

to net zero energy goals

86



(“l,.,\’\\‘f
~ A 3

& it office T LA oS
| When toschoose this renewable?

i
A
& &
aTe

RECHARGE
COLORADO

When to choose Biomass Energy?
A High heat requirements i 24/7 operations
A Can use biomass for more than seasonal heating (electricity, cooling)
A Very high fuel or natural gas costs
A Generally, not cost effective in comparison to natural gas
A Favorable cost comparisons to heating with electricity or propane
A Steady supply of biomass

A 50 mile proximity to source
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Geothermal

AGeothermal differs from Ground Source or Geo-Exchange
AGeothermal is limited to thermal spring/well locations

AResearch will be required on a site-by-site basis
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) Heat Flow Measurements
@ Thermal Springs

Heat Flow Contours
Interstate Highways
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Geothermal types

A Space heating

AWater heating (pools, spas, resorts)
AAquaculture

AGreenhouses
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Design considerations
A Size and potential maximum capacity of resource
A Source water temperature and variation details

A Annual water temp profile

A Real data is recommended
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Examples
A Glenwood Springs Pool, 1,000,000+ |

gallons, geothermally heated

A Gator Farm, geothermally heated
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A Cottonwood Hot Springs

A Space heating application

A 120 F source water temperature

A 205 MBH heating capacity

A 1,024 MMBTU annual useful heating

energy

Geothermal
Example

RECHARGE
COLORADO
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Upcoming trends
A Current geothermal installations in Colorado represent a capacity of

95,500 kBtu/hr and 477,000 MMBTU/yr. www.energyincolorado.org

A Currently, Colorado has no geothermal electrical generation, but
geothermal power plants are in place around the U.S.

A Enhanced geothermal technology is being developed to drill several
mi |l es into the earthos crust, 1 nj

through the hot, fractured rock, and draw off the heated water from

another well.
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When to choose Geothermal Energy?
A Site has access to geothermal energy source
A High electrical or fuel prices

A Demonstrative

Geothermal

\When toichoose this renewable?

RECHARGE
COLORADO
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Micro hydro turbines
A500 kW or less

A 24hr energy
generation

A Variety of capacity

depending
on available

resources

Principal components of a micro-hydropower system
Micro-Hy dr opower Systems; a Buyer s Gui98de"
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Resources
Flow Rate
Head | (pe) | 3f 391 2= =49 0 Micro-hydro turbines:
(m) (ft.) (gpm) 79 159 238 317 634 951 1.2 Power POtentlal
5 - 231 91 Tl 2% = Typical Power Output (in
2 7 49 o8| 147| 196 392 588 71 Watts) With Various Head
4 13 98 196 294 392 784 1176 15 and Water-FIOW Rates
8 26 196 392 588 784 1568 2 352 3 136 3 920 5 880 7 840
10 33 245 490 735 980 1960 2 940 3 920 4 900 7 350 9 800
15 49 368 735] 1 103] 1470 2 940 4 410 5 880 7 350 13 230 17 640
20 66 490 980] 1 470] 1 960 3 920 5 880 7 840 9 800 17 640 23 520
30 98 735) 1 470] 2 205] 2 940 5 880 8 820 14 112 17 640 26 460 35 280
40 131 980] 1 960] 2 940] 3 920 7 840 14 112 18 816 23 520 35 280 47 040
60 197 1470] 2 940] 4 410] 5 880} 14 112 21 168 28 224 35 280 52 920 70 560
80 262 1960] 3 920] 5880] 7 840} 18 816 28 224 37 632 47 040 70 560 94 080
90 295 2 205] 4 410] 6 615] 8 820} 21 168 31752 42 336 52 920 79 380 105 840
100 328 2 450] 4 900)] 7 350] 9 800} 23 520 35 280 47 040 58 800 88 200 117 600
Micro-Hy dr opower Systems; a Buyero6s Guide" of Nat i



