E?A: &y pl ring Energy Efficiency & Alternatives

Rewewmg the E3A User Guide

www.e3adu.info
Milton Geiger — (307) 766-3002 or mgeigerl@uwyo.edu
E°A Energy Action Pyramid
for Home, Farm and Ranch

ALTERNATIVE ENERGY
= Choices such as installing
Solar, Wind, Geothermal,

or Biofuels Systems.

+ Install

EFFICIENCY: Investment In Longer Term Energy Savings
Cheices such as:
¥ hm\\emmafﬂemllmm foctures, windows, doors and
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and fixtures.

* Invest in

+ Use timers to regulate fans, lights or other equipment
+ Insulate structures

smm Star, tmrac...aa or WaterSense labsls.

+ Tum off ights, equipment, fans a ndwniumam 0 not In use.
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+ Pl water leaks.
+ landscape

CONSERVATION: Simple Everyday
Adjust m\nw«wm
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Wwith native and xeric plants, and utilze min water.

# mmmmmmmmwmumm-umm
1ot implementing conservation

and efficiency measures and Integrating renewable energy systems.

Content:

. User Guide & Programming Materials

Map and General Energy Info.
Programming Resources
Online Resources (PPT, Links, etc.)

. Ten Technology Folders

Micro-hydro

Small Wind

Solar Electric (PV)

Solar Hot Water

Biodiesel

Anaerobic Digesters

Wood heat

Ground Source Heat Pumps*
Direct Use Geothermal*
Solar-powered livestock watering*

. Four Energy Efficiency Folders

Home Energy
Farm Energy
Mobile Home Energy
Irrigation Efficiency*

. Two Youth Programming Modules

Wind
Solar*

Purpose:
Enhance Extension energy capacity to provide outreach

& education to nations consumers, dealing with energy
conservation, efficiency and small renewable energy
systems for your farm, ranch or home.

Workshop Design:

e Exploratory
* Advanced
* Expert

Keys:
. Download for free or order hard copies

. Customizable!

— In-design files available to states
. Collaborative
—  Ability to share resources among states
. Ongoing trainings:
—  Webinars: 2" Tuesday Technical Shorts and
4t Friday “Big Picture”

All presentations available at:
www.e3a4u.info under the “Trainings” Tab



mailto:mgeiger1@uwyo.edu
http://www.e3a4u.info/
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Energy Basics and an Intro to Renewables

www.e3adu.info

Examples of Alternative Energy Sources that Address Current Energy Uses

(Current source may be electric, gas, or propane)

Current Energy Use Alternative Energy Source
Wind Turbine
Electricity Photovoltaic Panel
' R Micro-Hydro System
Anaerobic Digester
Hot Water Solar Thermal System

Concentrating Solar Power Technology/Parabolic Trough

Geothermal (desuperheater)

Heated Air

(Current source may be electric, gas, wood, or pmpam)

Solar Air Collector
Transpired Solar Collector
Geothermal (Ground Source Heat Pump)
Biomass
Passive Solar Design

Transportation Fuel

Biofuel
Renewable Electricity (for electric or hybrid vehicles)

Incentives:
www.dsireusa.org

Residential
»  Federal Tax Credit (2016)

= 30% for solar, geothermal, and wind

=  Energy efficiency expired (2013)
»  State
= Plethorain AK

> Utility
. Numerous in AK
Commercial

»  Federal Tax Credit (2016)
=  30% for solar and wind, 10% for
geothermal
»  Accelerated depreciation (2016)

=  MACRS (6-year rapid) on renewable

energy equipment

> USDA Rural Development Rural Energy for

America Program (REAP)

= 25% on renewable energy and energy 1

efficiency equipment
»  USDA NRCS (Ag only)
=  Environmental Quality Incentives
Program (EQIP) and others

Key Terms:
Conservation vs. Efficiency — Behavior (Free or low-

cost) vs. Technology (energy productivity)
On-grid — Use the resources of a utility, typically
electric, to augment renewable energy system
Off-grid — Requires energy storage (batteries) or
intermittency (solar-powered livestock watering)
Small vs. Large-scale — Offset own consumption vs.
generating to create revenue
Net metering & interconnection —Statute that allows
electric systems under 25 kW to be connected to the
grid. Also can offers a retail rate credit for extra
generation utilized at a later date and purchase, at
avoided cost, of excess generation.
Context:
Alaska Price Differences from U.S. Average, Most Recent Monthly

Natural Gas - Citygale

Natural Gas - Residential

Electricity - Residential

Electricity - Commercial

Electricity - Industrial
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Efficiency First

www.e3a4u.info

Conservation vs. Efficiency

Conservation

Efficiency

Activity/Tools
Windows: DOE!
— http://efficientwindows.org/

Refrigerators: EPA Energy Star!
— http://www.energystar.gov/index.cfm

?fuseaction=refrig.calculator
Exit Signs: DOE!?!
—  http://www.energy.gov/eere/femp/e

nergy-and-cost-savings-calculators-
energy-efficient-products

“Trunks”
Lighting
Insulation
Windows

E3A Folders
» Home Energy
» Farm Energy
» Mobile Home Energy
» Irrigation Efficiency*

Context:

Cooking Other
2% Electric
8%

Clothes
drying
4%

Refrigeration
10%



http://efficientwindows.org/
http://www.energystar.gov/index.cfm?fuseaction=refrig.calculator
http://www.energy.gov/eere/femp/energy-and-cost-savings-calculators-energy-efficient-products
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Small Wind

www.e3adu.info

Alagka - 50 m Wird Pawer
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L o N A

= = =
+INREL /2 ALASKA o
Key Questions . )
1.  Am I willing to learn about small wind? Wind is ENERGY
Have you considered energy conservation o
and efficiency? Wind is:
3. Are you comfortable with some - —Flow of air and/or gases that make up
uncertainty? the Earth’s atmosphere
Are you willing to invest in a tall tower? “~ . —Driven by solar heating (sun) and

Earth’s rotation

. . 5
Can y OUf inance a small wind Y, stem: Because air contains mass (molecules of oxygen, nitrogen,
argon, carbon dioxide, etc) and possesses velocity

Do you have available space?
{movement) the wind has ENERGY!

1
: ) )
Is wind allowed in your area? P=— ,WBHV Power=(1/2) X [AIR DENSITY) X [VELOCITY)3 X [SWEFT
Are you willing to maintain the system? 2 AREA OF ROTOR]

Are you willing to live with wind?

Question Review

* If you answered “yes” to most of these questions, you
may be a good candidate for small wind!
* If you answered “no” to:
— Questions 3, 6, or 7, you are probably not a good
candidate for small wind.
— Questions 1, 2, 4, 5, 8, 9 or 10, you may wish to do more
homework and research before you invest
+ |f you answered “uncertain” to most of these questions, you
need to do more research before you can decide if wind is
right for you.
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Micro-Hydropower
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Forebay

Head
Powerhouse

Turbine

Site Assessment — Available Energy Equipment — Cost

The greater the head or flow, the more energy » Very site specific but
available! can be the lowest cost

renewable energy
system compared to

Net head (feet)x flow (gpm) wind, solar electric, etc.

Power (watts)= 10 * Estimates provided by
National Sustainable
Agriculture Information
Power and energy are different, as energy is also a Service
factor of time! — $21,450 for a 3.5 kW

system

Site Assessment — Where would be
good?

* Adequate head

— Flow can make up for lower heads, but at least 10 feet is
easier to develop

* Existing civil works
= Irrigation or other diversions, penstocks, etc.
* Proximity to load
— Closer the better due to expense and line loss
* Minimal environmental disturbance
— Existing heavily impacted systems
* (Clearly identified water rights
= Just because it is there does not mean it is yours...
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Solar Electric (Photovoltaic)

www.e3adu.info
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Why PV
e Reliability
— No moving parts, long
warranties
e Performance
— Predictable production
e Scalable

Sunlight

fence or utility-owned
e Rapidly declining costs

o Why Not PV
silicon * Intermittency

Electron
Flow

Photons

Junction
Solar Pamal — More predictable but the
" ) . .
Diagram sun doesn’t shine at night
©Ron Curts & WSsiarcom
. . . . |
Table 1 — Costs for Electric Generating Technologies Cost!
Technology Mean Installed Fixed Fixed Variable variable Lifetime Lifetime  Fuel Fuel
Type installed cost Std. O&M O&M O&M O&M (yr) std. and/or and/or
cost Dev. (s/kw-yr) Std. (s/kwh) (+/- Dev. water water
(s/kw)  (+/-$/kw) Dev. $/kwh) v cost std.
(/- $/kW- ($/kwh) Dev.
) ($/kwh)
PV <10 kW $3,910 5921 321 520 nfa nfa 33 11 nfa nfa
PV 10-100 kW 353,819 888 319 18 n/a n/a 33 11 n/a n/a
E; 100-1,000 o3 5ay  sgo7 $19 515 nfa nfa 33 11 nfa nfa
PV 1-10 MW  $2,667  $763 $20 $10 n/a n/a 33 9 n/a n/a
Wind <10 kw  $7,859 52,649 %28 518 nfa nfa 14 Q nfa nfa
Wind 10-100 356,389 52,3306 338 512 nfa nfa 19 5 nfa nfa
kw
Wind 100-
1000 kKW 54,019 $803 $33 513 n/a n/a 16 0 n/a n/a
Wind 1-10 MW 52,644 £900 336 516 n/a n/a 20 7 n/a n/a
Biomass
Combustion
Combined $6,067  $4,000 $91 $33 $0.06 $0.02 28 ] $0.04 $0.02
Heat &

Power®

— Small technology for electric



E3A: Exploring Energy Efficiency & Aliernatives

mg@?}ﬁ

NOTES:



E3A: Exploring Energy Efficiency & Aliernatives

%ﬁ@.@%ﬁﬁ

Solar Thermal

www.e3adu.info

Boiler

Solar Thermal — What for

* Solar hot water
— Heat domestic or commercial hot water
* Solar heating

— Liquid
* Larger hot water system -
— Air Flat-plate
* Dedicated heating system solar hot water collectors

Don’t forget about passive sola

Table 2 — Costs for Solar Thermal Technologies

Technology Mean Installed O&M Lifetime Lifetime
Type installed cost range (yr) Std. Dev.
cost (+/-3/Ft2) (yr)
(5/Ft2)
SWH, flat plate 0.5to 1.0 %
& evacuated 3141 %582 initial installed 31 14
tube cost
SWH, plastic 359 %15 0.5 to 1.0 % 20 10
collector
SVP 331 315 n/a 25 n'a
Ground Source %7,518 54,164 $109 +/- $94 38 25

Heat Pump

Fuel andfor
water cost

($/ton)

n/a
n/a
1 wWatt/ft2

fan power
$397

ol
.d-'-'l..'lllﬂ
Evacuated tube
solar hot water collectors

Fuel and/or
water Std.
Dev.
(3/ton)

n/a

n/a

392



E3A: Exploring Energy Efficiency & Aliernatives

mg@?}ﬁ

NOTES:



E3A: Exploring Energy Efficiency & Aliernatives

Anaerobic Digester
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T
Anaerobic Environment
" / CH, X
u Organics Acids =
High Carbon — Acids CH, Hot Water
—_—
cY) Waste
@ High Mutrient
s Low Odaor
Praduct

—
.

|

Hear Complete Pothogen Removoal

Potential Benefits of Anaerobic
Digesters (Region-Dependant)

Economic and Social

On-farm energy generation
(avoid electricity purchases)

* May sell energy to utilities
Savings on bedding

Environmental

* Production .
— Soil management
— Manure management
— Biogas production .

* Reduces environmental * Sale of composted solids
pollution + Carbon credits available
— Water * Renewable energy
— Green house gases certificates
— Ammonia + Odor control

* Lawsuit mitigation

A g

“Yes..."

Are Ag-Related Digesters Profitable?

“Yes, But...”

Several models show
profitability

— Measured in cash flows

associated with the investment

Critical to use a solids
separator

— Use the solids as a co-product

— Bedding is a high economic use
Larger herds lead to
economies of scale: 2,000
dairy cows
Key element to profitability:
Containing costs

-
-

-

Majarity of studies conducted in
the East
Profitability relies on carbon
credits

— 50,10 per metric tanne of CO,
“Net positive gain” may include a
net gain to the environment (not
necessarily a net gain to the
farmer/rancher)
Key variables identified for
profitability: lawsuit mitigation,
electricity prices, carbon, water
prices, cost containment
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Biodiese
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Biodiesel Facts

* What is biodiesel?
— Fuel created from vegetable oil or animal fat

— Can be used in traditional diesel engines
— Biodiesel can be blended with diesel fuel
— Biodiesel be produced in small or large quantitie-

Final Products: Biodiesel Process

* Biodiesel
— Personal Use
* Fuel Quality is important
= ASTM testing in not “required”

— Off-Farm Use

* Fuel Quality Very Important
= ASTM Standards

* Marketing is required

k—r__ _.-l"l
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Steps in the
Wood Heat Series

1. Introduction to
Wood Heat

2. Combustion Technology

3. Selection Criteria

4. All About Wood

5. Ecenomics of Heating
with Wood

6. Installation and Maintenance

7. Agricultural Wood-Burning
Applications

EShuH
Pres APl 2014
© Montng State Unkersity Exension

v
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Wood Heat

www.e3adu.info

See Handouts!

E3 A. Is Heating with Wood

The following list may help you decide if heating
with wood will work for you.

2

B Right for Me?

Have you considered the role that wood heat
might play in your home? The type of heating
it cost, and backeup hearing fuel (propaue,
naural gas, elecrric, ete.) will vary aceording
to hov you intend o use woad. Far cxample,
i wood hear is the primary form of heat in
your home you may purchase 2 larger unit and
require 4 smaller back-up heating source than
ifyou are looking to add wood as a part-time
heat source or decorative addition to a room
that will only be operaed occasionally. These
fact sheers will provide a general overview of
wood heat, but you should be prepared to
diseuss your specific needs and objectives wich
a qualified installer.

Have you rescarched your communlyy restrictions, home heating sources, and
demands? There are many options for hearing your home, especially If you are
building a new house. You will be able to make a more informed decision abour
wood heat If' you understand shat type of energy you are currently using 1o heat your

home, how mruch energy you are using, how pch money you are spending, and what

sur heating demand. Use the

rey efficiency measures you could take to reduce y
informarion at the end of this fact sheet to herrer understand your home heating
consumption. Renewable energy systems, such as wood heating units, are more
cost effective in markets where prices for fossil fuels are high and alternative energy

sources abundant.

Da you have a pood (legally accessible, abundant, suitable tree species, reasanable

tree sizes, erc.) sustainable wood fuel resource available close by? Many factors
determine the quality of a forest based-fucl resource, Transportation distance is a key

consideration in the long-term economic viability of 2 wood heat system.

Are you willing o invest in a wood burning unit? A system that provides an average
home’s heating demand (53 Million BT U/year) will cost $5,000 or maore before

Incentives. Some homeowners opt to reduce the total Investment in the wood heat

system by off-setting, only a portion of their total heat needs. This reduces the system
cost, but extends the economic payback periad for the unit. You may have to finance

the full cost as some incentives are tax credits or rebates received after installation

D you have the physical ability and time available 10 use wood? Unless you are
considering 2 wood pellet system, heating with firewood takes time, resourecs
and some hard physical labor. Research sugzests that it requires abouc 15 hours

ol work 1o produce a standard cord of firewood (4 stack ol wood measuring 41 x
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The take home — “Eat the bigger piece of the pie.”: The % to % of household energy use that is used
to heat water and condition living space.

Typical Geothermal Heat Pump (aka Ground Source or Geoexchange) Design

Closed Loop Systems Closed Loop Systems

Horlzontal

GSHP Details: Other Options
How _ Air source heat pumps and water heaters
> Use relatively constant temperature of the
earth Heat Pump Water Heater
> Heat pump is like your refrigerator Fan Compressor
What Hot water outlet Evaparator
»  Heats and cools structure with the potential to Temperature/
heat domestic hot water Daa e retiel
Where Upper thermaostat | .
»  Adequate space for horizontal, pond, or vertical Resistance
. elements
|00p field . ; = Condenser
. . . LR tat =
> Most cost effective in new construction or Cf,fwm:m?;_ﬂ = ——
where expensive alternative (electric or Drain%.

propane) exists
Why
> Very efficient: 3-6 CoP (1 unit of electricity
yields 3-6 units of heatmg/coglmg) Table 5 - Useful Life
> Safe, durable, and low operating cost System Useful Life Years
Why not PV 25 to 40 yr
> High upfront cost, require ground disturbance, "™ : 20 yr
not suitable for all heating types ( eg hot Biomass Combined Heat and Power 20 to 30 yr

Biomass Heat 20 to 30 yr

water boiler) SWH 10 to 25 yr

HOW much: SVp 30 to 40 yr
GSHP 20 yr for interior components 100 yr for ground loop

> NREL estimates $7518/ton capacity (2-3 tons
for average household) with large variation
(54164 std. dev.)

> 30% federal tax credit and utility incentives
(~$150-500) available
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See Handouts!

The E*A ([Exploring Energy Efficiency and Alternatives
Youth Energy Activity Guide) is designed to halp

guicia youth in thair exploration of enargy and energy
technology. The guide includaes hands-on experiential
learning activities as well as information and resources
o halp lead tha learming process.

TARGETED AGES

While activities can be modfied to meet tha neesds
of K-12 youth, this guide targets ages 2 to 13. More
specific age recommendations are provided on each
activity. Taan leaders can also be engaged to lsad
youngsr youth in the act

VSiNg THE GUIPE
This guide is intended as a supplemant to project
leadership in topics like glectricity and wind power. ftis
dasignad to provida activities and expedmants for use
in group mastr
engrgy concepts. You may opt to use only cne or two
activitiss, o you can combine a series
explors a topic in-dapth,

The guide has bean dvided into key subject areas
[wind power, solar electicity, solar thermal, ete.)
Within sach subject, actities are providad to teach
key concapts. For some topics, multiple acthvities are
suggested that utiize the same lesson plan — this alows
wou to find an acthdty that will work best for your group
and location, as wall as for avalable supplies.

THE LEARNING MOYVEL

Each lesson is built on two complimentary leaming
models—the Experiential Learning Model (Do,
Ratlect, Apply] of 4-H, and tha 5E Constructivist
madal for science education. In thasa lassons, youth
are invalved in an activity, look back at it critically,
datarming what was ussful or important to remember

o camp sattings o infroduca key

activitias 1o

and use this information to pariorm anather activity
or modify the activity to be more successful. The

...

lessons provide leaming objectives as wel as science
eurmculum standards addressed by each activity,
Reflect and apply questions are asked in each section.

THE SE LESSON TLAN

Engage: Each lesson begins with a brief activity

to introduce the concept and get youth involved in
learning. Based on their observations or experience,
youth can develop a hypothesis —an assumption
they will test with their experiment/activity.

Expiore: Youth will explore an energy concept
through an activity. Observations during the activity
will help youth to test assumptions (hypothesis) and
explore the concapt in greater depth.

Explain: Through guided discussion, youth share
their explorations and develop an understanding of
the concept. Learners explore common themes and
relate the key leaming objectives to their experiences,
Extend: In the “extend” phase of the lessen,
learners are asked to further test their assumptions
and to apply the information in different ways.
Evaluate: The lesson closes with an evaluation

of the concept that was explored, the activity
conducted, and what was learned.

NOTE: Mary of thise acthites ane designed 10 be conducted
outdoors. in the event the weather does not cooperata, plan
altematives means of complating the activities.
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Additional Resources

www.e3adu.info

Selected Extension energy curriculum

Energy Masters — Colorado State University

Clean Energy Resource Teams— University of Minnesota

Energize Ohio — The Ohio State University

Energy Efficiency and Renewable Energy Resource — University of Wisconsin

Farm Energy IQ — Forthcoming: NE SARE PDP

eXtension

more mind reach

www.eXtension.org

Farm Energy CoP
Home Energy CoP
Wood Energy CoP



http://www.extension.org/
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