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Participant Information
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Introduction

ÅThis webinar will be recorded

ÅAttendees will be muted

ÅAll questions and comments can be submitted in the chat box

ÅIf you are having trouble hearing the audio, please let us know via 

the chat dialogue box

ÅPresentation will be available on GEO website in late May



Presenters:
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Introduction

Conor Merrigan, LEED-AP

High Performance Building Program Manager

Governorôs Energy Office

Renée Azerbegi, LEED-AP, CEM

President

Ambient Energy

Mike Kaufman, MS, E.I.T

Building Performance Engineer

Ambient Energy



GEO Mission

To lead Colorado to a New Energy Economy by advancing energy 

efficiency and renewable, clean energy resources.
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Introduction



http://rechargecolorado.com/index.php/commercial_and_public/public_buildings/high_per

formance_building/how_to_participate/
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High Performance Building 

Program Services

ÅTraining & Education

ÅTools & Best Practices

ÅTechnical Assistance to 

Partner Program Projects

ÅSupport State Policies 

Introduction
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Tools & Best Practices

ÅFlex Energy

ÅSample RFPs

ÅCase Studies

ÅBest Practices by Building Type

ÅHigh Performance Ownerôs Manual

Introduction
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Flex Energy

ÅPlan for shifts in energy use

ÅDecide 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/

Introduction



Workshops

ÅMay 19: High Performance Building Introductory 101 & 201: Durango

ÅJuly 29: High Performance Building Introductory 101 & 201: Steamboat

Webinars:

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

Net Zero Buildings

ÅJune 15: Evaporative Cooling

ÅJune 22: Intro to Geoexchange and Ground-Source Systems:

ÅJuly 15 & 22: Deep Energy: Major Renovations:

ÅLate July : Commissioning, Measurement and Verification

http://rechargecolorado.com/index.php/commercial_and_public/public_buildings/

high_performance_building/workshops_and_webinars/

Introduction



Introduction
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Global Trends in Sustainable Energy Investment, 2009, SEFI UNEP                                                              Global Clean Energy Trends, 2009

Global Renewable Energy Trends



Introduction

11Source Energy Information Administration, 2009

US Renewable Energy Trends

Natural Gas
39.4%

Nuclear
14.1%

Hydro
4.5%

Geothermal
0.6%

Solar/PV
0.2%

Wind
1.2%

Biomass
6.7%

Coal 

33.3%



Introduction
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Colorado Renewable Energy Trends

Natural Gas
24%

Coal
68%

Hydro
3%

Other 
Renewables

5%

Source : EIA, Jan 2010



Eat your high performance vegetables 

before your renewable energy dessert!

Target 40 to 70% energy savings first!

Introduction
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Introduction
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Image: GlobalForce

Net Zero Energy

ÅSite

ÅSource

ÅCost

ÅEmissions
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Grants 

ÅEnter your zip code to find available rebates, 

incentives and contractors

ÅCheck website often for updates

ÅProcess:

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

http://www.rechargecolorado.com/?/resources/category/funding-opportunities/
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Funding

http://www.colorado.gov/energy/index.php?/resources/category/funding-opportunities/


May/June Grants of Interest

ÅRenewable Energy in Public Buildings: Now Open

ÅHigh Performance Design: Now Open

ÅAbove Building Code: Now Open

ÅHigh Performance Building Program: Now Open

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

ÅGeothermal Advanced Project Development Grant: Now Open

ÅRenewable Ready Buildings: Mid-May

ÅWoody Biomass Feasibility Analysis Grant: June 

ÅSolar for Non-Profits: June

http://rechargecolorado.com/index.php/resources_overview/funding_opportunities/#section4
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Funding

http://www.colorado.gov/energy/index.php?/resources/category/funding-opportunities/


Additional funding sources can supplement energy 

and maintenance cost savings

ÅPerformance Contracts

ÅUtility Incentives

ÅDOLA Grants

ÅGEO Grants

ÅCapital Funds

ÅDSIRE Website

Funding

18



QUESTIONS?
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Federal Energy Legislation

ÅEnergy Independence and Security Act (EISA) of 2007

ÁDOE Office of Commercial High Performance Green Buildings

ÁEstablishes an initiative for net zero energy buildings by 2025

ÁProgram for pre-2025 buildings to be zero energy by 2050

ÁFederal Agencies:

Á30% hot water demand by solar hot water equipment when 

life cycle cost effective

ÁGreen house gas reporting

ÁEnergy intensity reduction of 30% from 2005 level by 2015

ÁNet zero energy by 2030

Legislation

21



Colorado Energy Legislation

ÅColorado Executive Order D01107: Greening of State Government

ÁReduce overall energy use in all state facilities by 20% or more by 

2011-2012 from 2005-2006 levels

ÁRenewable Energy should be supported by GEO through 

outreach and technical assistance on state buildings

Legislation

22



Colorado House Bill 10-01

ÅHB 10-01

ÁProvide 30% overall renewable energy by 2030 (increase from 

20% from Amendment 37)

ÁRequires 3% of total retail electric sales to be from distributed 

generation by 2020

ÁSigned into law April 2010

Legislation

23



Legislation
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Coloradoôs High Performance Certification 

Program (HPCP)

Senate Bill 07 -51:

ÅDeveloped Sept. 2007, updated in Feb. 2010

Å25% ñstate-assistedò

Å5,000+ SF

ÅHVAC System

ÅRenovation Exceeds 25% of Current Value

ÅAchieve LEED Gold OR CO -CHPS Verified Leader

ÅTarget Gold + Sustainable Priorities
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Solar PV
Description

Photovoltaics

ÅThe photovoltaic effect refers to photons of light knocking electrons into a 

higher state of energy to create electricity

ÅSolar cells produce electricity from sunlight

ÅDoes not create significant demand savings

ÅFinancing flexibility through Power Purchase Agreement

26



Solar PV
Resource

27



Solar PV
Resource

28

Solmetric SunEye (or Solar Pathfinder)

ÅMaps the solar resource for a specific location

ÅLooking for 90% or greater availability

ÅUtilizes TMY weather data



Solar PV
Types

PV Cell Types

29
NREL

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

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

http://www.google.com/imgres?imgurl=http://greenlight.greentechmedia.com/wp-content/uploads/2009/02/tf-global-solar.jpg&imgrefurl=http://www.greentechmedia.com/green-light/post/why-have-investors-flocked-to-cigs-solar-1101/&usg=__lEqtJAKJI2cQppo3b4DlEeGyF4Y=&h=519&w=700&sz=82&hl=en&start=2&itbs=1&tbnid=h1bsvKxJMIz2LM:&tbnh=104&tbnw=140&prev=/images?q=CIGS+solar+cell&hl=en&gbv=2&tbs=isch:1


Solar PV
Design Considerations

Design Considerations

ÅResource

ÅBuilding electrical demand/load

ÅLocation (ground, roof)

ÅTilt angle / azimuth

ÅLocal shading

ÅPanel spacing and density

30



Solar PV
Design Considerations

Design Considerations

ÅInverter  /string configuration

ÅInverter location

ÅTracking versus fixed

ÅEfficiency and type of panel

ÅVendor List:  Colorado Solar 

Energy Industries Association 

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

index.php

31

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


Solar PV
Sizing

Sizing

ÅDetermine building load and determine 

desired electricity production

ÅUse rules of thumb to determine feasibility

ÅUse PV Watts calculator for estimates of 

energy production/savings

ÅUse RETScreen or other detailed design 

tool for more exact calculations

32

RETScreen ® 

International
www.retscreen.net

rredc.nrel.gov/solar/calculators/ 

PVWATTS/version2/



Solar PV
Rules of Thumb

Rules of thumb

ÅOptimum tilt angle = site latitude

ÅOptimum azimuth angle = south ( + 45 degrees is acceptable)

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

ÅTypical production: 10 watts per square foot (watts in rated DC, depends 

on panel efficiency)

ÅCost effectiveness occurs when electricity rates approach $0.20/kWh 

(NREL)

33



Solar PV
Incentives

Incentives

Åhttp://www.dsireusa.org/

Åhttp://rechargecolorado.com/index.php/resources_overview/funding_opp

ortunities/#section4

ÅGEO rebate: Up to $1.50/watt for the first 10kW. The payment may be 

less if local incentives are available (up to $3/watt total rebate).

ÅXcel Energy Solar Rewards:

Å$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

ÅRebate ($2/watt) + REC purchase

ÅRenewable electricity production tax credit (PTC)
34

http://www.dsireusa.org/
http://rechargecolorado.com/index.php/resources_overview/funding_opportunities/
http://rechargecolorado.com/index.php/resources_overview/funding_opportunities/


Solar PV
Pros and Cons

Pros

ÅReliable, consistent resource for most Colorado locations

ÅPanels have long life (warrantee for 25 years)

ÅDemonstrative

ÅCost is going down

35

Cons

ÅExpensive & Low efficiency

ÅIntermittent operation (dependent on sunshine)

ÅWired in strings typically

ÅLimited demand charge reduction



Solar PV
Example

Example

ÅFossil Ridge High School 

Å5.2 kW PV Panels

ÅProvides shading of windows

ÅOffsets emergency generator

ÅBuildings is 60% below ASHRAE 

90.1-1999 in energy usage

ÅBuilding saves $153,076 

annually in energy cost

36



Solar PV
Upcoming Trends

Trends

ÅOrganic Solar Cells

ÅNanosolar

ÅBuilding Integrated 

Photovoltaics (BIPV)

ÅPV will grow from a 

$29.6 billion industry 

in 2008 to $80.6 

billion by 2018. 

(Clean Energy 

Trends 2009)
37

IREC 2009 Updates and Trend Reports, Sherwood



Solar PV
When to choose this renewable?

When to Choose Photovoltaics?

ÅHigh electrical usage rates (not demand)

ÅDemonstration

ÅCreative financing or incentives

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

buildings)

38EPA Headquarters, EPA, Denver

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. 
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Solar Hot Water
Description

Solar hot water

ÅUsing solar radiation to heat water

ÅMore efficient than PV

ÅWide variety of applications

ÅDomestic hot water

ÅHeated swimming pools

ÅPreheat heating water

ÅHousing (single family, dormitories, or barracks)

ÅClothes washing

ÅCooking

ÅIndustrial
40



Solar Hot Water
Resource

41

Resource investigation

ÅSimilar to PV resource assessment

ÅNumbers to focus on

ÅSunEye plot (resource availability) 90% or higher

ÅMaximum daily solar radiation (Imax) ïkWh/m2/day

ÅFor sizing calculation

ÅAverage daily solar radiation (Iave) ïkWh/m2/day

ÅFor annual energy production/savings calculation



Solar Hot Water
Types

42NREL



Solar Hot Water
Types

43NREL

System configurations

ÅActive or passive

ÅDirect or indirect

ÅOpen loop or closed loop



Design Considerations

ÅResource

ÅHot water demand/load

ÅTemperature needs

ÅLocation (ground, roof)

ÅTilt angle / azimuth

ÅLocal shading

ÅBackup

ÅEfficiency/type

ÅOverheat 

ÅFreeze protection
44

Solar Hot Water
Design Considerations

Jefferson County Jail Parabolic Trough Collector System

NREL pics

http://www.nrel.gov/data/pix/Jpegs/04244.jpg
http://www.nrel.gov/data/pix/Jpegs/04248.jpg


Design Considerations

ÅSolar Rating and Certification Corporation

ÅIndependent certification of solar water systems

ÅProvide efficiency curve and annual performance data

ÅVendor List:  Colorado Solar Energy Industries Association 

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

45

Solar Hot Water
Design Considerations

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


46

Efficiency = % of solar captured by collector

NREL

Solar Hot Water
Design Considerations



Solar Hot Water
Sizing

Sizing

ÅDetermine building load and determine desired energy production

ÅSize system to meet load on the sunniest day (donôt oversize)

ÅSizing calculation

ÅSystem efficiency typically about 0.40

ÅTank size about 1.5 gallons per sf of collector

ÅUse RETScreen or other detailed design tool for more exact 

calculations for specific panel type
47

( )
( )

( )/daykWh/m*IEfficiency
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Solar Hot Water
Sizing

48

Sizing

Å30% of load example at 

Ft. Carson

ÅAnnual simulation



Solar Hot Water
Rules of Thumb

Rules of thumb

ÅOptimum tilt angle = site latitude

ÅOptimum azimuth angle = South ( + 45 degrees is acceptable)

ÅSystem cost: 

ÅAround $40/sf for large systems (commercial)

ÅAround $100/sf for small systems (residential)

ÅCost effectiveness (NREL):

ÅTypical payback is 10 -15 years for many CO locations

ÅAlways if using electricity for water heating

ÅWhen natural gas rates are around $1.20/therm or higher

ÅWhen propane rates are around $3.00/gallon or higher
49



Solar Hot Water
Incentives

Incentives

Åhttp://www.dsireusa.org/

Åhttp://www.rechargecolorado.com/

ÅGEO rebate: 30% of total 

installation cost for a payment of up 

to $15,000.  Payment may be less if 

local incentives available

50

http://www.dsireusa.org/
http://www.rechargecolorado.com/


Pros

ÅLess expensive renewable than PV

ÅReliable resource for most Colorado locations

ÅHigher efficiencies

ÅPanels have long life

ÅDemonstrative

51

Cons

ÅOverheating can be an issue

ÅEfficiency drops off with higher temperatures

ÅIntermittent operation (dependent on sunshine)

ÅFew rebates

Solar Hot Water
Pros and Cons



Solar Hot Water
Upcoming Trends

In Colorado

ÅWe are 8th for Solar Water Heating

52



Solar Hot Water
When to choose this renewable?

When to choose Solar Water Heating

ÅHigh HW load (detention centers, multi-family housing, rec centers)

ÅHeating hot water load tied to recirculation system

ÅHigh temp hot water needs

ÅHigh fuel or electricity prices

ÅIncentives or creative financing

ÅDemonstrative

53
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Transpired Solar Collectors
Description

55

4 - 6 in.

Boundary 

layer - 1 mm

Sun warms a dark surface

Heat conducts from surface to 
thermal ñboundary layerò of air 
1 mm thick

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

Fan at top every 100 feet or 
tied to outside air intake of air 
handling unit

NREL



Transpired Solar Collectors
Resource

56

Resource investigation

ÅSimilar to PV resource assessment

ÅImportant considerations

ÅSouth facing wall with minimal shading

ÅNeed to allow some clearance under wall for snow build up

ÅAverage (winter) daily solar radiation (Iave) ïkWh/m2/day



Transpired Solar Collectors
Design Considerations

Design Considerations

ÅSolar access (shading, etcé)

ÅOutside air load

ÅOutside air bypass (unwanted heat gain, economizer, etcé)

ÅCollector size

ÅCollector color (high absorptivity)

ÅHeating degree days

ÅHours of operation

57



Transpired Solar Collectors
Sizing

Collector sizing

ÅSize wall for minimum outside air intake

ÅTypical collector preheats around 2 cfm/sf (RETScreen)

ÅDivide the minimum OA by 2 for collector area (sf)

ÅInclude pressure drop seen by HVAC system in fan design

58



Transpired Solar Collectors
Rules of Thumb

Rules of Thumb

ÅSystem cost ranges from 25 ï35 $/sf

ÅCost varies significantly if planning on doing a 

metal wall anyway

ÅTypical wall efficiency ranges from 60 ï80%

ÅTypical payback is 2 ï5 years for all CO locations

59



Transpired Solar Collectors
Pros and Cons

Pros

ÅVery low cost

ÅExtremely reliable (no moving parts but fan) 

ÅHigh Efficiency (up to 80%)

ÅNo problems with freezing or fluid leaks

ÅNo storage required

60

Cons

ÅOnly useful in colder months (heating season)

ÅNot very useful if other energy recovery systems is being used



Transpired Solar Collectors
When to choose this renewable?

When to choose Transpired Solar Collectors

ÅHigh outside/ventilation air requirements

ÅSouth facing metal panel already planned on façade

ÅSouth facing penthouse or mechanical screen

61
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Wind
Description

63

Wind

ÅVery low cost

ÅHigh wind class areas best

ÅConsistent wind, not strong erratic 

wind needed

ÅCurrent designs produce electricity for 

5-8 cents/kWh at Class 5-6 wind sites 

(15 mph or higher 

average wind) 

ÅCould be educational 

component



Wind
Resource

64



Wind
Resource

65

( )
( )kWhEnergy

kWhEnergy
CF

Maximum

Actual=



Wind
Types

Wind Turbine Types

ÅHorizontal axis (HAWTs)

ÅMore common

ÅRely on prevailing wind 

direction

ÅVertical axis (VAWTs)

ÅCan handle wind from 

any direction

ÅLower cut-in speeds

66



Design considerations

ÅCapacity factor (CF) describes potential of a wind project

ÅDependent on wind speed, consistency, and type of turbine

67

( )
( )kWhEnergy

kWhEnergy
CF

Maximum

Actual=

Wind
Design Considerations



Wind
Design Considerations

Design considerations

ÅAverage wind speed (mph) and direction (real data is preferable)

ÅMuch more important than peak

ÅWind energy production

ÅProportional to velocity cubed (v3)

ÅProportional to swept rotor area (A)

ÅPower curve

ÅCut-in speed; Cut-out speed

ÅActual power production at operating conditions (as opposed to 

rated conditions)

68



Wind
Design Considerations

Design considerations

ÅWind shear (variation in wind 

profile with height)

ÅZoning restrictions can be 

the limiting factor for turbine 

height

69
U.S. Department of Energy, Guide to Small Wind Electric Systems



Wind
Design Considerations

Design considerations

ÅTower height

ÅSurrounding obstructions

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



Wind
Sizing

71

Sizing

ÅDetermine building load and determine desired energy production

ÅUse RETScreen or other detailed design tool for more exact 

calculations for specific turbines

ÅInputs can be tuned to achieve desired output



Wind
Rules of Thumb

Rules of thumb

ÅCapacity factor should be around 20% or greater for cost effectiveness

ÅCost

ÅSmaller turbines (100 kW or less) cost around $5/watt installed

ÅLarge turbines (500 kW or greater) cost around $2/watt installed

72



Wind
Cost and Incentives

73

Incentives

Åhttp://www.dsireusa.org/

Åhttp://www.rechargecolorado.com/

ÅUp to $1.00/watt for the first 15 kW. 

The per-watt payment may be less if 

local incentives are available. 

ÅRenewable electricity production tax 

credit (PTC)

http://www.dsireusa.org/
http://www.rechargecolorado.com/


Wind
Pros and Cons

74

Pros

ÅLow cost where resource is available

ÅCan produce energy at night when solar is unavailable

ÅVery demonstrative

Cons

ÅOnly cost effective where good wind resource is present

ÅSurface roughness near buildings reduces site potential significantly

ÅWind resource is highly variable



Wind
Pros and Cons

Example assessment

ÅFrom www.energyincolorado.org/

ÅBergy Excel-R small scale turbine (7.5 kW rated capacity)

ÅBoulder, CO

Å7,200 kWh annual production

Å11% capacity factor

Å52 year simple payback

ÅCheyenne Wells, CO

Å22,000 kWh annual production

Å33.5% capacity factor; 17 year simple payback

75

http://www.energyincolorado.org/


Wind
Example

Example

ÅPrairie Hill School with small scale 

wind turbine

Å10 kW system size

ÅWind and PV bring facility to net 

zero energy

76



Wind
Upcoming Trends

Upcoming trends

ÅWind 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.

77



Wind
When to choose this renewable?

When to choose a Wind System?

ÅDemonstrative

ÅRemote location

ÅNo prohibitive zoning laws/restrictions or other issues with appearance

ÅHigh electrical prices

ÅGood wind resource (Class 4 ï12 mph or higher)

ÅCreative financing or incentives

78
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Biomass
Description

Biomass

ÅBurning biofuel to produce energy for heating, cooling, and/or 

electricity generation

ÅConsidered CO2 neutral on human time scale

ÅMany different sources and forms (combustion, gasification, 

biochemical)

80Woody biomass fuel source Biomass fuel pellets Biomass furnace



Biomass
Resources

81



Biomass
Resources

82

Woody biomass as a fuel source

ÅFuel costs usually range from $80 - $100 per ton

ÅVaries significantly based on fuel specs and amount of processing

ÅTransportation typically accounts for 60 ï80% of the fuel cost

ÅLocating a nearby fuel source can be crucial

ÅColorado pellet production locations

ÅCity of Kremmling ï150,000 tons supply capacity

ÅCity of Walden ï150,000 tons supply capacity



Biomass
Design Considerations

83

Design considerations

ÅFuel consistency and moisture 

content are common issues with 

low-grade fuels

ÅIndustry of fuel providers, 

manufacturers, and suppliers are 

loosely organized

ÅInterested facility must establish a 

supply chain

Biomass furnace



Biomass
Upcoming Trends

Biomass Trends

ÅBy 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.

ÅBiofuels (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)

84



Biomass
Cost and Incentives

85

Incentives

Åhttp://www.dsireusa.org/

Åhttp://www.rechargecolorado.com/

ÅGEO grant: Up to $750,000 available 

for woody biomass utilization projects

http://www.dsireusa.org/
http://www.rechargecolorado.com/


86

Biomass
Example

Example

ÅNREL biomass plant 

ÅOperated by Ameresco

ÅWood chips as fuel source 

(beetle kill pine)

ÅBrings NREL campus closer 

to net zero energy goals



Biomass
When to choose this renewable?

When to choose Biomass Energy?

ÅHigh heat requirements ï24/7 operations

ÅCan use biomass for more than seasonal heating (electricity, cooling)

ÅVery high fuel or natural gas costs

ÅGenerally, not cost effective in comparison to natural gas

ÅFavorable cost comparisons to heating with electricity or propane

ÅSteady supply of biomass

Å50 mile proximity to source

87
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Geothermal
Description

89

Geothermal

ÅGeothermal differs from Ground Source or Geo-Exchange

ÅGeothermal is limited to thermal spring/well locations 

ÅResearch will be required on a site-by-site basis



Geothermal
Resource

90



Geothermal
Types

91

Geothermal types

ÅSpace heating

ÅWater heating (pools, spas, resorts)

ÅAquaculture

ÅGreenhouses



Geothermal
Design Considerations

Design considerations

ÅSize and potential maximum capacity of resource

ÅSource water temperature and variation details

ÅAnnual water temp profile

ÅReal data is recommended

92



Geothermal
Example

Examples

ÅGlenwood Springs Pool, 1,000,000+ 

gallons, geothermally heated

ÅGator Farm, geothermally heated

93



Geothermal
Example

Examples

ÅCottonwood Hot Springs

ÅSpace heating application

Å120 F source water temperature

Å205 MBH heating capacity

Å1,024 MMBTU annual useful heating 

energy

94



Geothermal
Upcoming Trends

Upcoming trends

ÅCurrent geothermal installations in Colorado represent a capacity of 

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

ÅCurrently, Colorado has no geothermal electrical generation, but 

geothermal power plants are in place around the U.S.

ÅEnhanced geothermal technology is being developed to drill several 

miles into the earthôs crust, inject cold water down one well, circulate it 

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

another well.

95

http://www.energyincolorado.org/


Geothermal
When to choose this renewable?

When to choose Geothermal Energy?

ÅSite has access to geothermal energy source

ÅHigh electrical or fuel prices

ÅDemonstrative

96
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Micro Hydro
Description

98

Micro hydro turbines

Å500 kW or less 

Å24hr energy 

generation

ÅVariety of capacity 

depending 

on available 

resources

Principal components of a micro-hydropower system

Micro-Hydropower Systems; a Buyerós Guide" of Natural Resources Canada.



Micro Hydro
Resources

99

Micro-hydro turbines: 

Power Potential

Typical Power Output (in 

Watts) With Various Head 

and Water-Flow Rates

Micro-Hydropower Systems; a Buyerós Guide" of Natural Resources Canada.


