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Renewable Electricity –  
Coming of Age in the 21st Century 

      Tullytown 3MW PVPlant – Pennsylvania 

      Lewisburg Residential PV System, Pennsylvania       Horns Rev Offshore Wind Power Facility, Denmark 

A Presentation to the Rivertown Coalition’s 2016 “New Day Dawning” Symposium– 23 April 2016 

 US Solar Market Sets New Record, Installing 7.3GW of Solar PV in 2015 
– GTM Market Research – 22 Feb 2016 

 
 It’s official: 2015 ‘smashed’ 2014’s global temperature record. It wasn’t 

even close – The Washington Post – 20 Jan 2016 

 
 2014 was a Summer Sizzler: Earth’s Hottest on Record – USA Today – 18 Sep 

2014 

 
 Renewable Energy Provides 37% of All New US Electrical Generating 

Capacity in 2013 – Renewable Energy World.com – 27 Jan 2014 

 
 EPA Issues Regulations for New Coal-Fired Plants –  IEEE - 23 Sep 2013 
  
 Solar is soaring. Why isn't this front page news? – SEIA – 12 Sep 2013 

 
 Cities on Hook for $5B Coal Fired Power Plant – Columbus Dispatch April 2012 

 
 Renewable Energy Provides Half of All New US Electrical Generating 

Capacity in 2012 – Renewable Energy World.com – 17 Jan 2013 
 
 
 

 Introduce you to the current market drivers 
and technology economics of renewable 
energy (the present power revolution) 

 Review one affordable renewable technology 
option available to most of us today that has 
a financial return worth considering now 

 Discuss how important renewables will be in 
climate change mitigation and our economic 
future 
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Annual New Additions of Renewable Energy Hardware to the World Grid 
Wind and Photovoltaics ONLY 

MWs of PV 

MWs of Wind  

23.7% CAGR 

37.4% CAGR 

In 2003 – that year’s new 
PV modules (744MW) 
placed end to end  would 
cross the US 

In 2015 – last year’s new 
PV modules (55GW) end 
to end  would circle the 
globe ~9  times* 

* - assuming 15.85% efficient photovoltaic module similar to CS6P-255M 

…or reach 97% of way the to the moon* 

* - assuming 15.85% efficient photovoltaic module similar to CS6P-255M 

 1)  Growing Global Electrical Demand 
 2)  Increasing Cost Competitiveness 
 3)  Growing Environmental Concerns 
 4)  Government Policy Initiatives 
 5)  Technology Experience and R&D 
 6)  Rapid/Modular/Ease of Construction 

▪ Months vs. years for construction projects 

 7)  Unit sizes from kW to GW  
▪ Minimizing (low) financial and investment risks 

 8)  Job Creation and Economic Development 
 9)   All of the Above ! ! ! 
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 1)  Growing Global Electrical Demand 
 

 

 In 2004 the World Electrical Capacity was 3,984 GW 

    

                     GW                       Annual Growth  

 2005  4,123   139 GW 

 2006  4,303   180 GW 

 2007  4,477   173 GW 

 2008  4,650   169 GW 

 2009  4,853   203 GW 

 2010  5,081   228 GW 

 2011  5,314   233 GW 

 2013  5,550   236 GW   

SOURCE: US Energy Information Administration  
International Energy Outlook 2014 

Growing Electrical Demand 

World Annual Generation Change / Growth 
                                                     New 

 Year  Δgrowth* Wind & PV**      % 
 2008  +169 GW      33 GW         20 % 
 2009  +203 GW             46 GW         23 % 
 2010  +228 GW      54 GW         23 % 
 2011  +233 GW      65 GW         27 % 
 2012  +236 GW       77 GW         33 % 
 2013          73 GW 
 2014              96 GW     ~ 45 % 
 2015   5-Year Ave 214GW     118 GW       ~ 55 % 

 
 

* - US Energy Information Agency           ** - Does not include all renewables – ONLY PV & Wind 

Growing Electrical Demand Growing Electrical Demand 

Compares to 49% in 2012 
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Growing Electrical Demand 

© 2015 US Solar Market Insight 

Solar provided roughly one third of all new electric generating capacity in the U.S. in 2014. 

energy.gov/sunshot 
14 

energy.gov/sunshot 

MAJOR PROGRESS 
27 

GW 4,000,000 
average American homes 

At the end of  2015… 

Enough to power 

Solar accounted for 

 34% of all new electrical 
generation capacity installed in 2015. 

8,000  

solar businesses in the U.S. 

$20 billion:  
Value of the U.S. solar market 

in 2015 

53%  
Solar systems costs are down 

50% Since 2010 

Growing Electrical Demand 

Growing Electrical Demand 

SOURCE:  U.K.W. Schwabe MSE Thesis 2011 Rowan University 

Growing Peak Demand - Utility Value 

16 



4/25/2016 

5 

 1)  Growing Global Electrical Demand 
 2)  Increasing Cost Competitiveness 

 

SOURCE:  U.S. Dept. of Labor – BLS –News Release 20 Feb 2014 

Increased Competitiveness 

23.2₵ per kWh 

Nov ‘14 - Residential average rate 12.46 cents / kWh 

Increased Competitiveness 
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Fig. 3-17 Electric power industry fuel costs in the U.S. in 2005 [1]. 

$2.96 

$17.12 

$2.39 

Increased Competitiveness 

SOURCE:  U.K.W. Schwabe MSE Thesis 2011 Rowan University Solarbuzz 2011 
http://www.solarbuzz.com/Moduleprices.htm 

Increased Competitiveness 

SOURCE:  U.K.W. Schwabe MSE Thesis 2011 Rowan University 

Increased Competitiveness 

PV module 2014 cost $0.75 per watt 

SOURCE:  U.K.W. Schwabe MSE Thesis 2011 Rowan University 

Increased Competitiveness 

PV 2013 cost 11-23₵ per kWh  
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2014 EIA - NJ All Sector Weighted Average: 15.3 ¢ /kWh --------------------------------------------- 

Moving Toward Grid Parity 

2014 EIA – US Residential Average: 12.5 ¢ /kWh --------------------------------------------- 

SOURCES:  U.K.W. Schwabe, INTEGRATED SYSTEMS, US BLS, US EIA 

2014 BLS NY/NJ Average: 23.2 ¢ /kWh ---- 

Increased Competitiveness 

 1)  Growing Global Electrical Demand 
 2)  Increasing Cost Competitiveness 
 3)  Growing Environmental Concerns 

 

0

250

500

750

0200400600

Siegenthaler et al 2005
Vostok + EPICA Dome C

Age / 000 years before present

C
O

2
 /

 p
p

m
v

You are Here 

400 ppm 

Growing Environmental Concerns 
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Growing Environmental Concerns 

>27% increase since 1960 
 
4th year in row >2ppm/yr 
 
3.05ppm growth in 2015 
 
© 2016 NOAA  

Climate Change is… 
 

 
 

US Opinion 

Under 
Exaggerated 

Generally Correct 

Over Exaggerated 

No Opinion 

SOURCE: 2011 Gallup Poll 

Growing Environmental Concerns 

Climate Change is actually a real threat… 

 
 

 

SOURCE: http://www.gallup.com/poll/167879/not-global-warming-serious-threat.aspx 

Growing Environmental Concerns 

According to NOAA’s 
National Climatic Data 
Center, the average 
temperature for the 
contiguous United States 
during July 2012 was 77.6°F, 
which was 3.3°F above the 
20th-century average. This 
marks the warmest July 
and–given that July is the 
typically the warmest 
month of the year—the 
warmest month on record 
for the nation. 

SOURCE: http://www.climatewatch.noaa.gov/image/2012/july-2012-hottest-month-on-record 

Growing Environmental Concerns 

http://www.climatewatch.noaa.gov/image/2012/july-2012-hottest-month-on-record
http://www.climatewatch.noaa.gov/image/2012/july-2012-hottest-month-on-record
http://www.climatewatch.noaa.gov/image/2012/july-2012-hottest-month-on-record
http://www.climatewatch.noaa.gov/image/2012/july-2012-hottest-month-on-record
http://www.climatewatch.noaa.gov/image/2012/july-2012-hottest-month-on-record
http://www.climatewatch.noaa.gov/image/2012/july-2012-hottest-month-on-record
http://www.climatewatch.noaa.gov/image/2012/july-2012-hottest-month-on-record
http://www.climatewatch.noaa.gov/image/2012/july-2012-hottest-month-on-record
http://www.climatewatch.noaa.gov/image/2012/july-2012-hottest-month-on-record
http://www.climatewatch.noaa.gov/image/2012/july-2012-hottest-month-on-record
http://www.climatewatch.noaa.gov/image/2012/july-2012-hottest-month-on-record
http://www.climatewatch.noaa.gov/image/2012/july-2012-hottest-month-on-record
http://www.climatewatch.noaa.gov/image/2012/july-2012-hottest-month-on-record
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 Last year was the hottest on earth since 
record-keeping began in 1880, scientists 
reported on Friday, underscoring warnings 
about the risks of runaway greenhouse gas 
emissions and undermining claims by climate 
change contrarians that global warming had 
somehow stopped. 
 

 Extreme heat blanketed Alaska and much of 
the western United States last year. Records 
were set across large areas of every inhabited 
continent. And the ocean surface was 
unusually warm virtually everywhere except 
near Antarctica, the scientists said, providing 
the energy that fueled damaging Pacific 
storms. 

Growing Environmental Concerns Growing Environmental Concerns 

 1)  Growing Global Electrical Demand 
 2)  Increasing Cost Competitiveness 
 3)  Growing Environmental Concerns 
 4)  Government Policy Initiatives 

 

 More than half the states (29 + DC) in the US 
now have aggressive renewable portfolio 
standards requiring increasing levels of wind, 
solar and other renewable based electricity.  

 New Jersey’s S-REC experiment was a success 
– one state can impact global markets and 
investment in a renewable technology 

 S-RECs trade for $50-$500 per MWhr greatly 
increasing cost-effectiveness of PV  
 

Governmental Policy Initiatives 
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Governmental Policy Initiatives Governmental Policy Initiatives 

Governmental Policy Initiatives 

Recent Legislative Action for Net-Metering / Rate Design Effecting PV in 2015 

Governmental Policy Initiatives 
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Governmental Policy Initiatives 

A Solar Renewable Energy Credit (S-REC) is typically 1-MWh of PV generation sold as 
a certificate (not energy) to a utility or company desiring to green its energy portfolio 

SOURCE:  http://www.srectrade.com/srec_markets/introduction 

Governmental Policy Initiatives 

Since 2011 PA S-REC average value 3-5 cents per kWh 

SOURCE: http://www.srectrade.com/srec_markets/new_jersey 

Since 2015 PA S-REC average value 1-1.5 cents per kWh 

SOURCE: http://www.srectrade.com/srec_markets/pennsylvania 

Since 2011 NJ S-REC average value ~20 cents per kWh 

Since 2015 NJ S-REC average value ~22-28 cents per kWh 

SOURCE: http://www.srectrade.com/srec_markets/new_jersey 

Governmental Policy Initiatives 

Well…. 
It’s complicated. 
 
PA S-REC market is open 
to other states – NJ is not 
 
PA S-REC requirement is 
0.5% of usage by 2021 
NJ is 4.1% by 2028 
 
Majority of PA S-REC s are 
out-of -state 

Slides are courtesy of PASEIA Pennsylvania Update – 1st Quarterly Mtg. 2016 

Governmental Policy Initiatives 
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 The US Federal Government allows a 30% 
investment tax credit (ITC) significantly 
reducing the initial cost of PV hardware 

 Additionally accelerated depreciation is 
allowed on all renewable energy investments 

Governmental Policy Initiatives 

 1)  Growing Global Electrical Demand 
 2)  Increasing Cost Competitiveness 
 3)  Growing Environmental Concerns 
 4)  Government Policy Initiatives 
 5)  Technology Experience and R&D 

 
 

Technology Experience 

SOURCE:  http://www.nrel.gov/ncpv/images/efficiency_chart.jpg 
SOURCE:  U.K.W. Schwabe MSE Thesis 2011 Rowan University 

Technology Experience 
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SOURCE:  U.K.W. Schwabe MSE Thesis 2011 Rowan University 

2011 > 62 GW 
   <$1.00/ W 

2013 > 132 GW 
   <$0.75/ W 

Technology Experience 

 

Technology Experience 

Technology Experience 

Sources:  Lines represent  the median estimates of ASP &  costs for First Solar, Trina Solar, Yingli , Canadian Solar, and industry averages 
from the following analysts, BNEF (11/09/15); Cowen (12/06/15); Deutsche Bank (11/23/15, 12/02/15, 12/11/15, 01/06/16); Goldman Sachs 
(01/05/16); GTM Research (August 2015); UBS (12/11/15). 

• Module price and cost are expected to continue to drop in the next few years 
with some analysts expecting prices below $0.5/W and costs below $0.4/W as 
early as next year 

• Prices do not reflect sustainable Operating Margins for most manufacturers 
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SOURCE: Joseph Stekli – USDOE  Solar Energy Technologies Office  

Technology Experience 
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energy.gov/sunshot energy.gov/sunshot 

Utility-scale PV System Price Projections 

$0.0  

$0.5  

$1.0  

$1.5  

$2.0  

$2.5  

$3.0  

2015P 2020P 2025P 2030P 2035P 2040P 2045P 2050P 

In
st

al
le

d
 C

o
st

 (
$

2
0

1
4

/W
D

C
) 

EIA (USA) 
BNEF Low (USA) 
BNEF High (USA) 
IEA Low (USA) 
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GTM (USA) 
Agora Low (Global) 
Agora Med (Global) 
Agora High (Global) 
BNEF (Global) 
EPTP High (Global) 
EPTP Med (Global) 
EPTP Low (Global) 
EREC (Global) 
IEA Low (Russia) 
IEA High (China) 
IHS (Global) 
JCI Low (Global) 
JCI Med (Global) 
JCI High (Global) 
UBS (Global) 
SETO Goal 
Median 

• Part of the variation in projections is a wide variation in the 
underlying price of PV with 2040 utility-scale system prices 
ranging from above $2/W to below $0.5/W 

Technology Experience 

 1)  Growing Global Electrical Demand 
 2)  Increasing Cost Competitiveness 
 3)  Growing Environmental Concerns 
 4)  Government Policy Initiatives 
 5)  Technology Experience and R&D 
 6)  Rapid/Modular/Ease of Construction 

▪ Months vs. years for construction projects 

 
 

 12-acres 
 3 – 1MW Transformers 
 6 – 500kW Inverters 
 >17,000 PV Modules 
 34,500V Utility connect 

 
 

 3-month engineering 
and design / permit 

 9-month construction 
 

 1-year from start to 
interconnection 

Rapid Construction 

 1-roof (30 deg. tilt) 
 Unirac racking 
 3 – electric sub-panels 
 24 – 215W Micro-Inverters 
 24 CSP6 PV Modules 
 240V Utility connect 

 
 

 3-days engineering and 
design / permit 

 < 2 week construction 
 

 <1-month from start to 
interconnection 

Rapid Construction 
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 1)  Growing Global Electrical Demand 
 2)  Increasing Cost Competitiveness 
 3)  Growing Environmental Concerns 
 4)  Government Policy Initiatives 
 5)  Technology Experience and R&D 
 6)  Rapid/Modular/Ease of Construction 

▪ Months vs. years for construction projects 

 7)  Unit sizes from kW to GW  
▪ Minimizing (low) financial and investment risks 

 
 

 $13,147 (initial cost) 
 $2.15 / watt 
 30% Tax Credit 

 $9,203 FINAL COST 
 

 Benefit Stream 
 ELECTRICITY 
 7,830 kWh / year 
 11.84₵  per kWh 
 $927 / year  
 S-RECs 
 7.8 MWH / year 
 $50  per MWH 
 $390 / year 
 Simple Payback = 7.0 years 
 Simple IRR = 14.3% 
 

Low Financial Risk 

 DO-IT-YOURSELF - PA 
 Non-Premium 
 $10,511 (initial cost) 
 $1.72 / watt 
 30% Fed Tax Credit 
 $7,358 FINAL COST 

 
 Benefit Stream 
 ELECTRICITY 
 7,830 kWh / year 
 13.87₵  per kWh 
 $1,086 / year  
 S-RECs 
 7.8 MWH / year 
 $15  per MWH 
 $117 / year 
 TOTAL = $1,203 / year 
 Simple Payback = 6.1 years 
 Simple IRR = 16.3% 
 

 DO-IT-YOURSELF - NY 
 Non-Premium 
 $9,272 (initial cost*) 
 $1.72 / watt 
 30% Fed Tax Credit 
 *$0.2/ watt incentive 
 $6,490 FINAL COST 

 
 Benefit Stream 
 ELECTRICITY 
 7,830 kWh / year 
 16.54₵  per kWh 
 $1,295 / year  
 S-RECs 
 7.8 MWH / year 
 $0  per MWH 
 $0 / year 
 TOTAL = $1,817 / year 
 Simple Payback = 5.0 years 
 Simple IRR = 20.0% 
 

 DO-IT-YOURSELF - NJ 
 Non-Premium 
 $10,511 (initial cost) 
 $1.72 / watt 
 30% Fed Tax Credit 
 $7,358 FINAL COST 

 
 Benefit Stream 
 ELECTRICITY 
 7,830 kWh / year 
 15.45₵  per kWh 
 $1,210 / year  
 S-RECs 
 7.8 MWH / year 
 $250  per MWH 
 $1,950 / year 
 TOTAL = $3,160 / year 
 Simple Payback = 2.3 years 
 Simple IRR = 42.9% 
 

Low Financial Risk 

• EnergySage reported a national average residential system price of $3.70/W in 2014-15, however large regional variation 

– Florida average price of $2.51/W due to inexpensive electricity and lack of incentives 

– Washington state had an average price of $4.43/W due to a high solar power performance payment for panels manufactured in 
state 

– Median system prices ranged from $18-$31k depending on state with 

• Prices are significantly lower than prices reported to incentive programs/utility commissions 

• E.g., AZ: $3.52/W (EnergySage), $4.20/W (ACC);  CA: $3.90/W (EnergySage), $4.88/W (PUC) 

Average residential rooftop cost by state, 2014-2015 

Low Financial Risk 

Source: SEPA, “Photovoltaic System Quotes 
from Selected States 2014-15.” 
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 Dealer Sold/Install - PA 
 Non-Premium 
 $22,326 (initial cost) 
 $3.66 / watt 
 30% Fed Tax Credit 
 $15,628 FINAL COST 

 
 Benefit Stream 
 ELECTRICITY 
 7,830 kWh / year 
 13.87₵  per kWh 
 $1,086 / year  
 S-RECs 
 7.8 MWH / year 
 $15  per MWH 
 $117 / year 
 TOTAL = $1,203 / year 
 Simple Payback = 13.0 years 
 Simple IRR = 7.8% 
 

 Dealer Sold/Install - NY 
 Non-Premium 
 $23,363 (initial cost*) 
 $3.83 / watt 
 30%  Fed Tax Credit 
 *$0.2/ watt incentive 
 $16,354 FINAL COST 

 
 Benefit Stream 
 ELECTRICITY 
 7,830 kWh / year 
 16.54₵  per kWh 
 $1,295 / year  
 S-RECs 
 7.8 MWH / year 
 $0  per MWH 
 $0 / year 
 TOTAL = $1,817 / year 
 Simple Payback = 9.0 years 
 Simple IRR = 11.1% 
 

 Dealer Sold/Install - NJ 
 Non-Premium 
 $21,411 (initial cost) 
 $3.51 / watt 
 30% Fed Tax Credit 
 $14,988 FINAL COST 

 
 Benefit Stream 
 ELECTRICITY 
 7,830 kWh / year 
 15.45₵  per kWh 
 $1,210 / year  
 S-RECs 
 7.8 MWH / year 
 $250  per MWH 
 $1,950 / year 
 TOTAL = $3,160 / year 
 Simple Payback = 4.7 years 
 Simple IRR = 21.0% 
 

Low Financial Risk 

 1)  Growing Global Electrical Demand 
 2)  Increasing Cost Competitiveness 
 3)  Growing Environmental Concerns 
 4)  Government Policy Initiatives 
 5)  Technology Experience and R&D 
 6)  Rapid/Modular/Ease of Construction 

▪ Months vs. years for construction projects 

 7)  Unit sizes from kW to GW  
▪ Minimizing (low) financial and investment risks 

 8)  Job Creation and Economic Development 
 

 

 Increasing Jobs (high/med/low skills) 
– Third straight year of 20%+ workforce growth 

– Solar workforce is now larger than oil and gas pipeline 
industry (130k), and the coal mining industry (67k)  

 Increased Economic Activity 

Jobs and Economic Gains 
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Project Development 

Sales & Distribution 

Manufacturing  

Historic Projection 

*Changes in the number of jobs in the “Other” category between years are not necessarily a reflection of 
actual increases or decreases in employment, but may instead be due to changes in the types of jobs 
included in this category.   
Source: The Solar Foundation, “The National Solar Jobs Census 2015.” January 2016.  

• As of January 2016 the U.S. solar industry employed 209,000 workers, adding 35,000 jobs in 2015 

• The solar industry is creating jobs at a rate 8 times greater than the overall U.S. economy 

– Since November 2014, one out of every 83 new jobs created in the U.S. was created by the solar industry 

• Most of solar jobs are tied to PV deployment, which has grown 30X since 2008 

• Women represent 24% of solar workforce; veterans account for 8.1% 

• Nearly one in four solar employers report that they have no difficulty finding the employees they need, but about one in five report 
that it is very difficult to find qualified employees 

 

 

Jobs and Economic Gains 
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 Over 2.5 million people now work in the photovoltaics 
industry worldwide 

 Building on our recent gains in renewables the U.S. can once 
again take a leadership role in this young, high-tech industry 

Jobs and Economic Gains 
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 As of 1 March 2015 
 

 > 8700 kWh 
 
 
 
 

 URL for System 
 

 https://enlighten.enphaseenergy.com/pv/public_systems/Qqvw297704 
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 PV systems work nearly 
everywhere in the US 
where you have a good 
solar window 
 
 
 

 Wind technologies 
require a site that has 
very good (>5.5m/s) to 
excellent (>7m/s) wind 
speeds year round 

 PV systems 
work nearly 
everywhere 
in the US 
where you 
have a 
good solar 
window 
 
 
 

 Incoming solar radiation (photons) energize 
material electrons within cell structure at 
various band gap energies. 

 Electron / hole pairs with adequate energy 
can cross the depletion region barrier to 
establish charge build up across the cell 
(typically in the 0.4-0.5V range) 

 Charges are gathered by top and bottom 
plate conductors and connected via 
conductors to other cells 
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Incoming Photons 

E-Field 

Electrons 

Holes 

+ + + Accumulated Positive Charges + + + 

- - - -  Accumulated Negative Charges  - - - -  

Depletion 

Region 

Bottom Electrical Contact 

Top Electrical Contacts 

 +      +       +      +       +       +     +      +     +   
 -        -       -       -        -        -      -       -      -   

I   

electrons   

p-type 

n-type 

SOURCE: California Energy Commission  - Guide to PV System Design and Installation – June 2001  
[Available Online] : http://www.energy.ca.gov/reports/2001-09-04_500-01-020.PDF 

 Site selection 

 Good solar window (> 90%) 

 Ability to mount modules (ground, building, etc.) 

▪ If ground: suitability of soil, environmental issues, 
interfering utility lines, wind regime 

 Ability to interconnect to utility lines or customer 
meter or panel (distance to interconnection point) 

 Permitting Authority and Utility Requirements 
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 Easy to Use 
 Reminder via Youtube 

 http://www.youtube.com/watch?v=DJc4pGwZh-c 

 

http://www.youtube.com/watch?v=DJc4pGwZh-c
http://www.youtube.com/watch?v=DJc4pGwZh-c
http://www.youtube.com/watch?v=DJc4pGwZh-c
http://www.youtube.com/watch?v=DJc4pGwZh-c


4/25/2016 

22 

 A wind turbine obtains its power 
input by converting the force of 
the wind into a torque acting on 
the rotor blades. 

 The amount of energy which the 
wind transfers to the rotor 
depends on: 

 1) the wind speed at hub height 

 2) the rotor area 

 3) the density of the air 

 A wind turbine will deflect the wind before it even reaches the 
rotor plane which means that all of the energy in the wind 
cannot be captured using a wind turbine. 

The annual energy delivered by a wind turbine can be estimated by 
using the equation: 

1000W

1kw
h/yr m) length (Rotor

4
)(W/m power  windAverageEnergy 22  87603.0


 The cost of electricity will 

vary with wind speed.  The 
higher the average wind 
speed, the greater the 
amount of energy, and the 
lower the cost of electricity 
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 http://hint.fm/wind/ 
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SOURCE: http://www.greentechmedia.com/articles/read/pv-on-oahu-solar-shipwreck 

 PJM Grid Operators: We Can Handle 30 Percent Renewable 
Energy Integration, And Here's How 

 Renewable Energy World.com 
 March 10, 2014 

 Preliminary results were disclosed last fall, and final 
results were shared in March 2014. The bottom line: 
PJM says its system "would not have any significant 
reliability issues operating with up to 30 percent of 
its energy [from renewables]" (note: that's energy, 
not capacity) though it will require significant 
additional transmission (nearly $14 billion) and 
regulation reserves (up to 1.5 GW). 

 HELCO seeks to achieve 92 percent renewable electricity by 
2030. Is 100 percent possible? 

 GreenTechMedia.com 
 September 29, 2014 

 The Big Island has the potential to lead the country 
in its the transition from oil to renewables -- given 
its sky-high electric rates, its reliance on fossil fuels 
and its abundance of renewable resources. Hawaii’s 
people and its leaders recognized this many years 
ago and created a policy structure that might 

enable this major shift. BTM PV 10%30%   
 Smart Distributed Generation 
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Virtual 
Storage 

• Peak generation grid support 
• PJM On/Off peak rates 
• Load Leveling for PJM 
• Economical Storage Device  
 

 

 

•Couple of minutes to refuel at a 
CNG high pressure plant 
•Home refueling options available 

• Fully Grid Interactive 
•16-kWh in Battery 
•270-kWh in CNG tank 

• Transport  
• Storage (electricity & natural gas) 
• Plug-in Anywhere 
• Distributed generator >50kW 

• Reduction of 90% to 97% of 
CO emissions 
• Reduction of 25% of CO2 

emissions 
• Emits virtually zero 
particulate matter 
 
 
 

   
 

• Tank capacity sensor 
• Outdoor/Indoor sensing 
• Smart V2G Power management 
• Remote Battery management 
• Optimal “Green” Operation 

• CNG conversion of Chevy Volt 
• V2G electronics/charging 
• Control software for 
optimization 
• Highly Efficient 
• Environmentally Cleanest 

• Pays for itself in <7 years 
•CNG approx $1.50 per gallon 
of petroleum equivalent 
•5¢ per mile (CNG) 
•4¢ per mile  (electric) 

Bucknell University and Rowan University reserve the rights 
to any and all intellectual property generated by this endeavor 

Questions? 

      PS10 CSP Plant – Andalucia, Spain       Horns Rev Offshore Wind Power Facility, Denmark 

A Presentation to the Bucknell University MSUS300 Managing for Sustainability Class  – 18 February 2015 


