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Problem Context-Energy

 Rationale

— There is a growing need for the n

Implementation of sustainable energy
technologies such as wind and solar

e Drivers

— US Government Regulations and
Incentives
* Renewable Portfolio Standards (RPS)
* Federal Stimulus (DOE, USDA, EPA, SBA)

— Market Forces
» Gasoline prices
« Demand curves




U.S. DEPARTMENT OF Energy Efficiency &

DSIRE e - == ENERGY Renewable Energy <
- @ NORTH CAROLINA

Database of State Incentives for Renewables & Efficiency l.‘b Solar Center

Renewable Portfolio Standard Policies
www.dsireusa.org / October 2012

f > - ME: 30% x 2000
WA: 15% x 2020* MN: 25% x 2025 T e e New RE: 10% x 2017
7 MT: 150/0 X 2015 _ cel: 300)( 2020 (2) 20% RE & CHP x 2017 NH: 24.80/0 X 2025 | K

ND: 10% x 2015

[ sp: 10% x 2015

OR: 25% x 2025 (large utiliti)*
5% - 10% x 2025 (smaller utilities

|17
3
#59

MI: 10% & 1,100 MW
X 2015*

MA: 22.1% x 2020
New RE: 15% x 2020
(+1% annually thereafter)

| RI: 16% x 2020 |

WI: Varies by utility;
~10% x 2015 statewide

NY: 29% x 2015

NV: 25% x 2025*% e O ' | CT: 27% x 2020 |
» CO: 30% by W . , _
Bl 10% by 2020 : L s [PA: ~18% X 2021’r|6 ;
i [ IL: 25% x 2025 | e T '
- 209 3 o 7 XU : 20.38% RE X i
CA: 33% x 2020 w » KS: 20% x 2020 &4 IV: 10% x 20257 | | VA: 15% x 2025* + 4.1% solar x 2028 -
B MO: 15% x 2021 i | MD: 20% x 2022 |(§
-~ v..'“f'.‘. OK- 15% x 2015 .
W I NC: 12.5% x 2021 (10Us) |DE: 25% x 2026* |

10% x 2018 (co-ops & munis)

NM: 20% x 2020 (IOUs) '
10%o x 2020 (co-ops)

TX: 5,880 MW x 2015
+

[DC: 20% x 2020](§)

N &
»®
-
- :

[HI: 40% x 2030 ]

U.S. Territories

O ETETEGEl | Guam: 25% x 2035
PR: 20% x 2035 USVI: 30% x 2025

e
~ Minimum solar or customer-sited requirement

. Renewable portfolio standard =

. Renewable portfolio goal 3K Extra credit for solar or customer-sited renewables

a Solar water heating eligible + Includes non-renewable alternative resources



http://www.dsireusa.org/

U.S. DEPARTMENT OF EHEFQY EﬁiCiEf‘lC'}" &
DSIRESOLAR o =C° " a"

Database of State Incentives for Renewables & Efficiency

OREC I

MORTH CARGLIMA
INTEresTaTE Resewsm e ENemnsy SounciL

Renewable Portfolio Standard Policies

with Solar / Distributed Generation Provisions
| WA: double credit for DG | www.dsireusa.org / October 2012
T

MI: triple credit for solar-
electric

Solar Center

NH: 0.3% solar-
electric x 2014

OR: 20 MW solar PV x 2020;
double credit for PV

| MA: 400 MW PV x 2020 |
CO: 3.0% DG x 2020

( 4
. o,
1.5% customer-sited x 2020 IL: 1.5% PV x 2025

' OH: 0.5% solar-
electric x 2025
0.25% DG by 2025 ‘

£
N
WV: various
MO: 0.3% solar- multipliers

electric x 2021

NY: 0.4092% customer- a
sited x 2015

NJ: 4.1% solar-
electric x 2028
[ PA: 0.5% PV x 2021 |
DE: 3.5% PV x 2026;

triple credit for PV -'-
NM: 4% solar-electric x 2020 Z_____ N
0.6% DG x 2020

NC: 0.2% solar | MD: 2% solar x 2020 | o
AZ. 4.5% DG x 2025 ‘ x 2018 | DC: 2.5% solar x 2023 | a
- ‘c
Q S
o

TX: double credit for non-wind
- D (non-wind goal: 500 MW)

NV: 1.5% solar x 2025;
2.4 - 2.45 multiplier for PV

UT: 2.4 multiplier
for solar-electric

ars

(&4

. Renewable portfolio standard with solar / distributed generation (DG) provision

. Renewable portfolio goal with solar / DG provision

_'_ Delaware allows certain fuel cell systems to
a Solar water heating counts toward solar / DG provision

qualify for the PV carve-out
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Problem Context-Food Production

 There is a need to develop new methods of
growing food in more sustainable ways by
lowering inputs and outputs
— Inputs
 Water, land, nutrients

— Outputs
 Waste, contaminants

 Drivers:
— Private Investment

— US Government Incentives
* Federal Stimulus (DOE, USDA, EPA)

— Market Forces
* Land use planning
* Food prices
* Energy costs
* Organic food movement
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Costs to Produce Food

Figure 3.1.2
Price indices for seed, fertilizer, pesticides, fuels, wages, and crops,
1982-2010
Average annual price indices (1982 = 1.0)
4.0
3.5 — Seed — Fuels

Fertilizer = Wages
3.0

Pesticides Crops
2.5
2.0
1.5 -

S Lt _‘;:--- __/
107 =S et T N
0.5
00 | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
1982 84 86 88 90 92 94 96 98 2000 02 04 06 08 10

Source: USDA, NASS, 2012.



Investment in Agriculture

Figure 2.2.1
Funders and performers of U.S. food and agricultural research in 2006

Federal States Private Sector
$3 billion $1.3 billion $6.8 billion
USDA State Experiment Stations Industry
$1.3 billion and Universities $6 billion
$3.7 billion

Source: U.S. Dept. Agr., Economic Research Service. 2012. “Agricultural Science Policy,’
http://www.ers.usda.gov/topics/farm-economy/agricultural-science-policy.aspx
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Wynadot Solar Facility

59,200 ground-mounted, thin-film solar panels on
/7-acre plot of land. 12.6 Mw system. 2010
“OSU Extension has played a very vital role in
this project,” Wyandot County Commissioner
Mike Wheeler said.

“We are in an agricultural-based area that had a
definite need and all the items essential for a
renewable energy project of this kind. What we
lacked in the Commissioners’ office was the
expertise to convey that message properly. |
Extension’s expertise and wealth of knowledge is
unbelievable and helped us do that...”

11


http://muskingum.osu.edu/news/solar-power
http://muskingum.osu.edu/news/solar-power
http://muskingum.osu.edu/news/solar-power
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University of VT Equine Center-1

 Summary

— 134 panel system. 35 kwhr system completed in 2012,
can power 6 homes

— Supplies 8.5 percent of research farm’s electricity needs
* Funded through student fee of $10/semester
« "Students wanted to underscore the
connection between renewable energy and
agriculture,” she said, “as pressure increases
to use agricultural land for energy, as well as
food and fiber production, and as farmers

struggle with rising energy costs.”
— UVM'’s director of sustainability, Gioia Thompson

12


http://www.uvm.edu/~uvmpr/?Page=news&storyID=14239&category=uvmhome
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University of VT Equine Center-2

“As a land grant, we need to model the most
Innovative ways of contributing to the viability
of agriculture in our state.”

“We hope the solar panel project will spark
discussion about costs, sustainability and
clean energy, as well as demonstrate the nuts
and bolts of how and where solar panels can
be installed. This is a great gift students have
given us and the state’s agricultural
community.”

— Tom Vogelmann, dean of UVM'’s College of
Agriculture and Life Sciences

13


http://www.uvm.edu/~uvmpr/?Page=news&storyID=14239&category=uvmhome
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Keystone Solar Project (Lancaster, PAY

5 Mw System for 2000 Homes
Developed by Community Energy with PPA from Excelon

=

~
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Solar Learning Lab and UMass
Amherst Research Center

o=
sRoorAu conTRAcT 2} Energy Trarsformaticns In Solar Collectors
coczrrcanaz 3} Solar Leaming L3b Siing anc Land Use,
Sulicing ana installing 3 Soir Learming La
cwichty Frocuction ana Use
} Science. Tecnnoiogy. Engineadng, ana Socisty Cornacticns.
Tre Sciar Lesming LEDCrSony Wil N3ve Miras COMPONENts: IachNIcS], S3LCITONa. 3nd
#nancial.

 Department of
Education Small
Business Innovation .
Grant

 Ties to Curriculum
IN 3 schools

Creais seacnis aerest in STEM

= Soiar Learning Lsborstory A msm ofssence

manins ana

mccuies for e parser ssmoo= 3nd SLPECH the Pariicipaling eachers. This team wik be

129 oy retirss soiencs educsiors, Rooen Sayaer ans Sris . Doty Hargraves wis
assessment coorch

15 £
riatoe for ihe project and aane SINer il sanve 35 3 F

Detwacn i teams and e

The Sciar Laaming LaDoratony Wit davelop Curmculum raiated to these thamas:

Snase 1 ot ina project it Inciuge e Instarston of solar panels =1 Smm Vosson
S Agncusural High Scrost in Norinampton. Ma. Norfisla Mount Herman in et
S, A ana Copkine ACGSmY I LISGiey. MA. In Bhase N, TCHTES WIE DS
Instated at 18n more sonoois.
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The Plant

« Converted warehouse
In Chicago

* Sustainable |
aguaponics farming
system

* A Net-Zero Energy
System

* Funded $1.5 MM

from lllinois
Department of
Commerce and
Economic Opportunity

M

|

x
l




PENNSTATE
B2 Great Valley

The Plantagon (Sweden)

« Urban farming system in
Linkoping, Sweden

* Winner of the 2012 SACC
New York - Deloitte Green
Award for their breakthrough
green innovation within the
food chain

« 54 meters high
e Construction to start 2013
« Food production in 2014.

 Will house a Center of
Excellence for Urban
Agriculture

17
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Greensgrow Farm (Philadelphia)

* A nationally |
recognized leader In
urban farming

* Began conversion of
a former brownfield
Industrial site in 1997

* |Includes a nursery, a
farm market, and a

Supported < RN
Agriculture (CSA)
program

18
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Project Goals

* Design a model for the
sustainable production of energy
and agricultural products

e Use as a model for
commercialization

« Use system as a catalyst for
teaching and research

20
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Project Constraints and
Enabling Technologies

 Constraints

— The system is sustainable from an
energy perspective; i.e., the energy
generated is sufficient to meet or
exceed the needs of the enterprise

— The system is financially sustainable;
l.e., the system is profitable

* Enabling Technologies

— Implement advanced technologies for
energy and farming

21
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Enabling Tech 1: Solar - PV

* Panels convert sunlight directly
Into electricity

« Cost per unit continues to go
down and now Is less than
$1/watt exclusive of permitting

 Efficiencies increasing and in the
range of 17-25%

« Small to medium capital
Investment
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Enabling Tech 2: Advanced

Farming Technologies

Vertical Farming

— VF Is way to maximize the
use of land and inputs by
growing “up” as well as out

Hydroponic farming

— Uses much less water and is
more efficient

— Fewer outputs to the
environment

— Closed system




PENNSTATE
B2 Great Valley

Project Proposals

* Project Proposal 1: Green Field Site

* Project Proposal 2 : A Brownfield Site

24



PENNSTATE

B2 Great Valley

Project
Proposal 1.
Greenfield Site
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Project Parameters

e Goal

— Demonstrate a sustainable net-zero energy farming system

« Description

— The project would be developed on open land and use a
combination of enclosed and outdoor space

* Requirements
— Land
* Minimum: 2500 square feet. Recommended: 0.5 to 2 acres

— Solar PV Energy System

*  Minimum: 10 kwhr. Recommended: 100 kwhr
— Agricultural System

» Grow System: Hydroponic or soil

« Light: High efficiency lights and sunlight

» Crops: High cash value crops; e.g., canola, safflower, beans,
strawberries, herbs
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Capital Costs: Solar Energy

Example: Solar System @ 10 kwhr
Capital

— Panels: $10,000

— Other Equipment: $2500

— Batteries: $2500

— Installation: $2500

— TOTAL: $17,500

Financing and Grants
— 30% Federal Subsidy
— 15-20% State Subsidy
— Other tax incentives @ 25%
— SREC value ($25/SREC)

OOP
— About 20% >>> $3500



http://www.dsireusa.org/
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Capital Costs: Vertical Farm

« Example: Hydroponic garden @ 1600 SFT
« Capital
— Enclosures

« Glass Greenhouse (8'x20’): $2000
« Hoop House (10x20’): $300
— Lighting
« CFL: $30/cfl x 150 = $4500 (125 watts each)
« LED: $30/LED x 400 = $12000 (14 watts each)

— Seed (e.g. strawberries @$2 per 150 seeds): $300
— Other Equipment: $2500
— Installation: $2500
— TOTAL: $10,100-19,300
* Financing and Grants
— TBA. Assumed to be about 50%

« OOP
— At 50% >>> $5k-10k



http://www.verticalfarm.com/
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Project Summary

Fairly limited start-up capital required

Avalilablility of multiple grants from
DOE, USDA, DoED, SBIR

Can be scaled

Can be tied into teaching and
research initiatives

Many interesting research, design,
engineering, and business
questions...
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Alignment with Academic
Programs

Engineering and
Science

Energy system design and
implementation

Engineering design
Systems design
Physics and Earth Science

Business

Entrepreneurship
Financing
Marketing

Operations management

Management of
technology

Design and

Architecture

Building design
LEED

Agriculture

Technology
Economics
Entrepreneurship

\_

/4
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Potential Research
Opportunities

Business Systems
E.g., What crops are the Engineering

most profitable?

Distribution and marketing
requirements .
How to scale? E.g., Energy requirements

. and design
Can the enterprise be made 9
profitable? How to scale?

Agricultural
Science

E.g., What is the optimal
configuration of the plant
structures to support
growth?

What is the optimal ligh?
configuration?
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Partners and Resources

 Energy

— Community Energy

— Solar States
— College of Agricultural Sciences — Diversified Construction

— Center for Sustainability « Urban Farming and Gardens
» GridStar Center at Navy Yard

« Associations

— Association for Energy

— PA Horticultural Society
— Community Gardens at PSU

_ — Greensgrow

Engineers (AEE) _ _
_ PennFuture « Hydroponics & Aquaponics
— Solar Energy Industries |nSta||atI0n/|\/|anagement

| fesocmtn(EA) - Adrian Galbraith-Paul
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Next Steps
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Next Steps

 Discuss interest in project

* |dentify resources
— Financial
— Organizational
— Land
— Equipment

* |ldentify partners
— Internal
— External

 Establish Timeline
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Q&A
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Contact Info

Eric W. Stein, Ph.D.

» Associate Professor of Management Science and Information
Systems at Penn State Great Valley School of Graduate and
Professional Studies

Email:
» ews3@psu.edu
= estein@ericwstein.com

Phone
» 610-648-3256 (0)
= 610-246-8874 (c)
Areas of expertise
— New Ventures and Entrepreneurship
— Corporate Innovation
— Strategy
— Energy Policy

39
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3] Project
%. ,‘“ Proposal 2:
Brownfield Site
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Project Parameters

« Description
— The project would be developed within a building such as a
warehouse and use advanced lighting methods and
hydroponics

* Requirements
— Space
*  Minimum: 2500 square feet. Recommended: 10,000 square feet
— Solar PV Energy System
¢ Minimum: 10 kwhr
« Recommended: TBA

— Agricultural System
» Grow system: Hydroponic or aguaponic
+ Light: High efficiency lights
» Crops: High cash value crops; e.g., canola, safflower, beans,
strawberries, herbs
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SLL TEAM
Dr. Morton Sternheim
(hris Emery
Rob Snyder
Marie Silver
Holly Hargraves

The Solar Learning Lab
Project

Morton M. Sternheim

DIVERSIFIED CONSTRUCTION
SERVICES, LLC

100 University Drive i
Amherst, MA 01002 PROGRAM CONTRACT ED-IES-11-C-0022

www.umasskl2.net/solarlab



http://www.diversifiedconstruct.com/index.html
http://www.diversifiedconstruct.com/index.html

The SBIR
grant

US Department of Education -
Institute for Education Sciences

Small Business Innovation
Research (SBIR) grant

Phase I: July - December 2011
$150,000, 3 schools

Northfield Mount Hermon, Hopkins
Academy, Smith Vocational and
Agricultural

Phase II: January 2012 -
December 2013

$896,000, 9 more schools
Phase III;: 2014 -

Commercialization



Phase Il Schools

Mohawk Trail Regional, Shelburne Falls
Pioneer Valley Regional, Northfield
Dean Vocational Tech, Holyoke
Franklin County Tech, Turners Falls
Donahue Elementary (K-8), Holyoke
Four Rivers Charter, Greenfield
Renaissance, Springtield

STEM Middle Academy, Springtield
Van Sickle Middle School, Springtield
Charlemont Academy, Charlemont



The project

Assess site suitability, soil conditions, obtain
building permits

Install structure (poles, spline, etc.) & panels

Provide curriculum materials that can be
integrated into existing courses

PowerPoint presentations, student write-ups, teacher
guides, assessment instruments

Teacher training, support, stipends, PDP’s or grad
credits, classroom supplies

Enphase data monitoring system



The SLL installation

Oriented perpendicular
to true south

Angle adjusted with
season

Foundations must
provide for frost heaves

Hyperion drives in long
posts




Special features

Mounted on poles

Minimal ground
disturbance, minimal cost
Allows for dual use: grazing,
shade tolerant crops
Students can

Adjust tilt with the season
on short ladders

Do plant growth
experiments

Study the physics of the
structure

Perform soil studies




The SLL output

The SLL modules have a peak output of about 230
watts. Inverters will convert the DC to AC.

The SLL array has 8 modules, and a peak output of
1840 watts = 1.84 kW

The average US home uses about 1 kW

Typical summer output will be equivalent to peak
power for about six hours per day
(1.84 kW)(6 h) ~ 11 kWh

A cable will connect the array to the school and
provide energy to replace part of the electric company

supply



Graphs -

Lifetime 12 months 8 weeks 4 weeks TC

Enphase
Monitoring
System

Environmental Benefits to Date -
Energy Preduced: Carbon Offset
90.1 e 137 s
“You coukd power the following Tor 1 day: Yiou hawe offs=t the squivalent of
JHouses T 2Trees T
F
At ihow e kb

SYSTEM ACCOUNT SUPPORT COMMUNITY

EIR-N111 Erpnasa Enemav Ine AN riofis reservad Brivacy | Termes.



Key curriculum themes

The Sun as an Energy
Source

Energy Transformation in
Solar Collectors

Solar Learning Lab Sites
and Land Use

Building and Installing a
Solar Learning Lab

Electricity Production and
Use

Science, Technology,
Engineering and Society
Topics




Curriculum Example: Orientation and Tilt

Solar panel clusters need to face True South. Students
can correct a magnetic compass reading or know the
time when the sun is highest in the sky to determine
the orientation.

There are seasonal changes in the height of the sun in
the sky. Students can determine when to make one of
three possible adjustments of the tilt of the panels.

Students can study potential sites for the presence of
tall objects that would cast significant shadows on the
collectors at different times of the day.



Curriculum example: conversion of light
energy into electricity

Use measurements to

calculate

PV cell power density
Efficiency

Maximum power point
Module/array sizing

[llustrate energy

conversions from
electricity to

Mechanical energy (motor,
loudspeaker)

Light
Chemical energy




Teacher expectations

Integrate SLL materials into curricula where
appropriate and useful

Provide feedback via Moodle
Funds for materials $$

Assist with data collection $%

Pre and post tests of overall PV knowledge
Content specific assessments
Pre and post career interest surveys

2 all day workshops (subs provided)
6 after school meetings $%



SLL people

David Marley, PI. Owner,
Hyperion Systems

Michael Lehan, Financial
Services

Richard Hahn, Contracts

Curriculum Team

Mort Sternheim, Chris Emery, Rob
Snyder, Holly Hargraves, Marie
Silver

Alan Luttenegger, Engineering
Research

Stephen Herbert, Agricultural
Research

SLL Advisory Board
www.umasskl2.net/solarlab

intemet Rescurcac
Curriouium Unite

PROGRAM CONTRACT
[SE RPN

20LAR LEARNING LAB Is = collsboraticn of effort led oy Dave Mare;
Comstructicn In Amherst semheim, Directer of th ocaden Ins

and Michaei Lehan, & F| kes Developer. The goal of ths D.O.E. funded on

s %0 nstall sciar panels on school grounds to ase the awareness of solar energy s a8
rensaatie and emvircnmeantally fiendly opticn and 10 Increase students' Interest in ETEM
careers.

This construction il result In = Solar Learning Laboratory. A =am of sence
educational professiona’s will creats learning oppcrtunies aNnd inquiry-besed cu
mcdutes for the partner sch 3nd support e pankipating t2achars. This tea
led by retirzd science educatars, Rober Sayaer and Chris Emary. Holy Haroraves wis
bz th2 ascessment coordinatoe for the projact and Marke Siiver will sanve 3 3 fzison
batwaen tha teame and the sChadis.

The Sciar Laaming Laboratory will daveicp curiculum raiated to these thames:

1) Tha Sun 35 an Enzrgy Sourcz

2) Energy Transtarmaticns 11 Soiar Collectors

3) Solar Leaming Lab Sing ana Land Uss

£) Bulkiing ana Inetalling 3 Sofar Learming Lao

ecticly Froouction ang Use

&) Szience, Tecnnoiogy, Engineanng, 3na Sackety Cornacticns

The Sciar Leaming Ladoratory wil have thrae components: tachnical, educational, and
financial.

+ The technical compaonznt Ncludes e photovallaic panek, the supparting
structures, 3nd Iand use issuse,

« The educaticnal componznt Includes the creation and refinemsant of cumiculum
materalg, t23cher raining, and student assessment.

+ The financial companant inciudee the davelcpmeant and updating of financial
packag2s for eventual commercialization.

Pnage 1 of the project Wit Inciude the Instasation of solar panels 3t Smim Vocational
and Agricuttural High School In Narthampson, MA. Normfisia Mount Hermon In Mount
Hermon, MA, and Hopking Acadamy in Hadley, MA. In Phasa I, taclities wik be
Instaned 3t t=n more sencois

D4 ¥

DIVERSIFIED CONSTRUCTION

Yhuw SERVICES. LL

. aMumuw 1 niversity Drive

HYPERION:zvorcus Amherst, MA 01002

e e Dave Mariey - Owner
Harvest the Sus’
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