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Outline and Goals

 How do we measuring energy use for a country or the world?
 Who measures energy for the U.S.
 Where does our energy originate and how is it used? 
 How are states and governments influencing a switch to 

renewables?
 How reliable are future energy forecasts?
 What are the main barriers to renewable energy?
 What is happening in Europe?



Energy Units and Conventions

 How do we measure energy?
• Joule (J) – 1 newton/meter or 1 Watt/sec  (very small amount of 

energy)
 Gigajoule (GJ) = 1 billion (109) Joules (~6 GJ per barrel of oil)
 Zettajoule (ZJ) = 1021 Joules (Annual global energy consumption is about 

0.5 ZJ)
• BTU (British Thermal Units) = 1,055 J = Energy required to heat 1 

pound of water from 39 to 40 deg F.
 Quad = quadrillion BTUs (1015) is the standard unit for measuring energy 

use by world economies.
 U.S. used about 100 Quads of energy in 2005

 1 Q = 8 million gallons of gas
 100 Q = PV energy potential

 ~13,000 mi2

 Land required = 25 years of coal mining 

 The U.S. defines “quadrillion” differently from the rest of the world
 The “British” quadrillion = 1024

1015 pennies



Who Measures Energy for the U.S. and World?
 U.S. Energy 

Information 
Administration

• Statistical and 
analytical agency 
within DOE

• Weekly, monthly, 
quarterly, and annual 
assessments and 
forecasts

• Annual energy 
outlooks

• Systems modeling 
(National Energy 
Modeling System 
(NEMS)

 International Energy 
Agency

• 28 member countries



National Energy Modeling System

 Global optimization 
problem with multiple 
constraints
 Supply and demand 

are balanced for the 
minimum price

 Capital expenditures, 
international prices, 
and economic activity 
are also considered

 Regional divisions are 
considered

 Current incentives 
included



U.S. Energy Flow by Source and Sector



U.S. Primary Energy Flow by Source
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U.S. Electricity Flow

 Increasing 
efficiency is 
important

 Conversion losses 
(technology)

 Transmission and 
distribution losses 
(system design)

 Does not include 
wasted energy 
 E.g., consumer 

electronics on 
standby, 
lighting, A/C, …



Using the “Spaghetti Chart” to 
Understand Energy Issues

Nuclear energy role in U.S. energy supply and in 
electric energy production?

 Is the U.S energy supply vulnerable, how much is 
imported and for what?

Benefits of solid-state lighting on oil imports? On 
energy efficiency and future power plant needs?

Are there benefits of higher fuel efficiency 
standards for cars? For cars and trucks?

Where are energy efficiency technology 
improvements most productive?



Growing Environmental and 
Ecological Issues (Carbon Footprint)

HYDROGEN FUEL CELL – CH4 + 2H2O → 4H2 + CO2



Cost of Reducing CO2



Cost of Reducing CO2



Renewable Portfolio Standards Are Gaining Ground 
Across the US

RPS Policies 

Renewable portfolio standard 

Renewable portfolio goal 

www.dsireusa.org / March 2011 

Solar water heating eligible *�†��
Extra credit for solar or customer-sited renewables 

Includes non-renewable alternative resources 

WA: 15% x 2020* 

CA: 33% x 2020 

NV: 25% x 2025* 

AZ: 15% x 2025                            

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

HI: 40% x 2030 

Minimum solar or customer-sited requirement 

 TX: 5,880 MW x 2015 

 UT: 20% by 2025* 

CO: 30% by 2020 (IOUs) 
10% by 2020 (co-ops & large munis)* 

MT: 15% x 2015 

 ND: 10% x 2015 

 SD: 10% x 2015 

 IA: 105 MW 

MN: 25% x 2025 
(Xcel: 30% x 2020) 

MO: 15% x 2021 

WI: Varies by utility;  
10% x 2015 statewide 

MI: 10% + 1,100 MW 
x 2015* 

OH: 25% x 2025† 

ME: 30% x 2000 
New RE: 10% x 2017  

NH: 23.8% x 2025 

MA: 22.1% x 2020 
New RE:  15% x 2020 

(+1% annually thereafter) 

RI: 16% x 2020 

CT: 23% x 2020 
NY: 29% x 2015 

NJ: 22.5% x 2021 

PA: ~18% x 2021† 

MD: 20% x 2022 

DE: 25% x 2026* 

DC: 20% x 2020 NC: 12.5% x 2021 (IOUs) 
10% x 2018 (co-ops & munis) 

VT: (1) RE meets any increase 
in retail sales x 2012; 

 (2) 20% RE & CHP x 2017 

KS: 20% x 2020 

OR: 25% x 2025 (large utilities)* 
5% - 10% x 2025 (smal ler utilities) 

IL: 25% x 2025                            

29 states + 
DC and PR have 

an RPS 
(7 states have goals) 

OK: 15% x 2015 

PR: 20% x 2035 

WV: 25% x 2025*† 
VA: 15% x 2025* 

DC 

New Market Scenario: Climate change concerns, renewable portfolio standards, 
incentives, and accelerated cost reduction driving steep growth in U.S. renewable energy 
system installations.



Most States have Renewable Portfolio Standards

• 2007 EIA examined 15% Federal 
RPS
• Result was tripling of electricity 
generated from biomass as well 
as large increases in wind and 
solar
• Price for electricity increased 
by 0.9%
• Natural gas prices fell as a 
result of decreased demand
•RPS can have significant and 
sometimes unintentional effects 
on other economic sectors



Forecasting: The U.S. electrical energy 
demand only increases

Source: DOE/EIA-
0384(2004)

Projection:
y = 67.05(x) - 130,700
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Electrical Energy Forecasts (IEA and B&V)

Forecasts are quite 
uncertain and can differ 
depending on the 
assumptions (e.g., 
Natural gas)



Growth Forecasts for Wind



Projected Growth in Renewable Energy to 2035

 EIA predicts that biomass and 
wind will increase the most

 These projections assume 
modest price reductions for 
solar

 DOE SunShot Initiative aims 
to reduce installed cost of 
solar to below $1/W (5-6 cents 
per kWh LCOE)

• This would be a major game 
changer of successful



Why is Renewable Energy Such a Minor Component of 
the Total Mix Going Forward?

 First, natural gas is cheap 
(now)

 Answer depends on 
technology

• Wind: public opposition, 
transmission, and variability

• Solar: price and variability
• Hydro: environmental



Recent Price Trends for Generation Sources
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European Solar Experience

 Northern Europe is at a 
very high latitude

 Significant portion of 
Europe has solar 
resource lower than 
anywhere in the U.S.

 Vermont has a better 
solar resource than 
Germany!

 Germany is the world 
leader in solar power



U.S. Has Great Opportunities for 
Increased Solar Energy Applications

All of the 
electricity in the 
U.S. could be 
provided using:
• Less than 2% of 
the land dedicated 
to cropland and 
grazing.
• Less than the 
current amount of 
land used for corn 
ethanol 
production.

2009 PV Installs
Germany: 3.87GW

US: 485MW



Germany Facts

 Target: Renewable electricity 35% by 2020 and 80% by 2050
 Renewable energy has increased from 6.3% in 2000 to 17% in 2010 
 Solar: as of 2010, Germany has 17 GW solar installed

• 7.4 GW (250,000 systems) installed in 2010 (U.S. installed 956 MW)
• Market analysts predict this could reach 25% by 2050.
• Growth driven by feed-in-tarif

 July 2011: subsidies being cut
 Rooftop solar cut by 16%, Ground mount solar cut by 15%, 

Brown field PV cut by 11%, Large PV on arable land cut by 
100% (eliminated)

 Wind: as of 2010, Germany has 27.2 GW wind capacity
 Electricity price = $0.31 /kWh (compared with $0.11 /kWh for U.S.)
 2010: Total RE = 101.7 TWh (36.5 TWh wind, 33.5 TWh biomass, 19.7 

TWh hydro, and 12 TWhr solar PV)
 2009 study concluded that electricity rates increased 3%, utility 

profits reduced by 8%, PV market going to Asia



Summary

 Energy flows are measured in very large quantities
• Hard to measure accurately (need lots of information)
• DOE has entire agency devoted to keeping track of this information

 Energy flows need to be considered when making policy decisions
• CO2 Emissions and pollution reduction policies
• Regional differences are very significant

 Renewable Energy Incentives
 Renewable Energy Forecasts
 Renewable Energy Costs
 Why so much Renewable Energy in Europe?

 Next… What is the renewable energy situation in Vermont?



Questions and Discussion

Joshua S Stein
jsstein@sandia.gov

(505) 845-0936


