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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?
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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 (10°) Joules (~6 GJ per barrel of oil)

+ Zettajoule (ZJ) = 102! Joules (Annual global energy consumption is about
0.5 2J)

- BTU (British Thermal Units) = 1,055 J = Energy required to heat 1
pound of water from 39 to 40 deg F.

« Quad = quadrillion BTUs (10%) 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 mi?
= Land required = 25 years of coal mining

10'5 pennies

m The U.S. defines “quadrillion” differently from the rest of the world !‘i e
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“~ © Who Measures Energy for the U.S. and World?
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Today in Energy

- Annual energy What's New Data Highights
T T Qil stripper wells accounted for over 16% of U.S. oil
Report production in 2009 » Crude oil futures price
outlooks
o2 . i Stripper wells, those wells which individually produce no more than 15 1 50.07 from week earlier
ruUwall County Analysis exie barrels of oil equivalent per day over a twelve month period, collectively make 1 $20.96 from year earlier
A July 13 an important contribution to U.S. oil and natural gas production. Today's
> Systel I IS I I lOdeIIng S e B s R article looks at oil stripper wells; tomorrow’s Today in Energy report focuses Natural gas futeres price
Ju:y- » e S on natural gas stripper wells. More 7/19/2011: $4.533/mmBtu

T $0.200 from week earlier

(N atio n al E n e rgy More » Oil stripper wells count and share T $0.023 from year earlier

count(thousands) share oftotal oi production ; _
Retail gasoline price
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International Energy Outioc o & 7118/2011: $3.923/gal
2011 15_0 = 5% T $0.024 from week earlier
6 e e = — 0% T $1.024 from year earlier
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National Energy Modeling System

= Global optimization

problem Wlth muItlpIe Figure 1. Basic NEMS Structure and Information Flow
COI‘IStI'ai ntS son ;I,n:'c;ssl ::a:rq;c;nzmlic Elnterna':qiogail I R[e)sidem(iial
u odule [*] ctivity Module nergy Module eman
= Supply and demand " Modue
are balanced for the % H
minimum price a1 | conmerca
. . and Distribution OIan
= Capital expenditures, Module | Moduie
international prices, wipeng
and economic activity N o Trassgortation
are also considered = i e
= Regional divisions are H H
cons I d ere d Renewable Electricity Petroleum Industrial
Current |ncent|ves Fuels Module [%] Market Module Market Module ® %e(':;‘::l‘:
[ |
|nC| Uded Supply Components Conversion Components Demand Components
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ustoraLenergyFlow, 2008 U.S. Energy Flow by Source and Sector

(Gigawatts)

EXPORTS 236

COAL
NATURA;  Fossi 750

GAs 707 i"éEaLf DOMESTIC FOSSIL

@ PRODUCTION NATURAL GAS® FUELS®
352 797

SUPPLY
3562

CONSUMPTION*
PETROLEUM?® 3321

1242

1098 NUCLEAR ELECTRIC POWER 283 TRANSPORTATION
RENEWABLE ENERGY? 244 933 '

" Includes lease condensate, ¢ Petroleum products, including natural gas plant liquids, and crude oil burned as fuel.

? Natural gas plant liquids. "% Includes 0.04 quadrillion Btu of coal coke net imports.
* Conventional hydroelectric power, biomass, geothermal, solar/photovoltaic, and wind. " Includes 0.11 quadrillion Btu of electricity net imports.
* Crude oil and petroleum products. Includes imports into the Strategic Petroleum Reserve. "2 Primary consumption, electricity retail sales, and electrical system energy losses, which are

® Natural gas, coal, coal coke, fuel ethanol, and electricity. allocated to the end-use sectors in proportion to each secter's share of total electricity retail
5 Adjustments, losses, and unaccounted for. sales. See Note, “Electrical Systems Energy Losses,” at end of Section 2.
foct i v b ey P oMl i oot o o e
8 3 5 5

Natural gas only; excludes supplemental gaseous fuels. Sources: Tables 1.1, 1.2, 1.3, 1.4, and 2.1a.

MODIFIED FROM: Energy Information Administration / Annual Energy Review 2008

€ ENERGY .com
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(quadrillion Btu and percent)

2009 Total = 94.6 quadrillion Btu
Supply Sources Demand Sectors

Percent of Source Percent of Sector




The Evolving Energy Mix

% of Primary Energy
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U.S. Electricity Flow

Electricity Generation,
Transmission & Distribution Losses

m Increasing
efficiency is
important

m Conversion losses
(technology)

m Transmission and
distribution losses
(system design)

Electricity
P% e Generation

Lost Energy

Useful Energy
42.8

Domestic Natural

= Does not include e o
Net Imports
wasted energy 35
Domestic

= E.g., consumer =% Ly
electronics on  etimpors
240)
standby,
lighting, A/C, ...
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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?
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- - Growing Environmental and
7 _Ecological Issues (Carbon Footprint)
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U.S. mid-range abatement curve — 2030 [] Avatement "
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Source: Reducing U.S. Greenhouse Gas Emissions: How Much at What Cosit?, Executive Report, McKinsey & Company, December 2007 © 2007 McKinsey & Company 0
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Renewable Portfolio Standards Are Gaining Ground
Across the US

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

system installations.
RPS Policies

www.dsireusa.org / March 2011

v - ME: 30% x 2000
E VT: (1) RE meets any increase -
WA: 15% x 2020* MN: 25%% x 2025 i retail sales x 2012: New RE: 10% x 2017
MT: 15% x 2015 Xcel: 30% x 2020) | (2) 209 RE & cHp x 2017 [y [ NH: 23.8% x 2025 |
OR: 25% x 2025 (large utilities)* “ <IMI: 10% + 1,100 MW ’ r'r MA: 22.1% x 2020
5% - 10% x 2025 (smaller utilties " X 2015* ‘) New RE: 15% x 2020
d 1 (+1% annually thereafter)

NV: 25% x 2025*

22102220 dWI: Varies by utility; ¢
: ; : RI: 16% x 2020
10% x 2015 statewide - 29% x 2015 X

: v _ CT: 23% x 2020
- e PA—tovexz021 B
CO: 30% by 2020 (10Us) . . { PA: ~18% x 2021
10% by 2020 (co-ops & large munis)* ||_. o x A5

WV- 25% x 2025% T NJ: 22.5% x 2021]

CA: 33%x2020 | PLKS: 209 x 2020 L 20z s s

SRS MO 159 x 2021 15% x 2021 T =
£7 DE: 25% x 2026*|
A _OK 15% x 2015 NC: 12.5% x 2021 (IOUs) DC: 20% x 202¢ ¢

10% x 2018 (co-ops & munis)

¢ NM: 2096 x 2020 (IOUs)
10% x 2020 (co-ops

HI 40% x 2030

@ - | PR: 20% x 2035 |

TX 5, 880 MW x 2015

s

. Renewable portfolio standard Minimum solar or customer-sited requirement
. Renewable portfolio goal *Iﬂra credit for solar or customer-sited renewables
(j Solar water heating eligible T ludes non-renewable alternative resources
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Most States have Renewable Portfolio Standards

« 2007 EIA examined 15% Federal Most States Have Renewable Portfolio
RPS Standards, Mandates, or Goals, 2010

* 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 , __ Has Re

. / io Standards or
on other economic sectors e State Goals

Source: Database of State Incentives for Renewables &
Efficiency (accessed January 2010).

Has Renewable
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Billion kWh

Forecasting: The U.S. electrical energy
demand only increases
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2009 National Fuel Mix

3.6% 1.0%
Non-Hydro  Fuel
Renewables* Oil

6.8%
Hydro

0.6%
Other**

20.2%
Nuclear

44.6%
Coal

23.3%
Natural
Gas

2035 Projections

0,

11.2% f-"uei 0.4%
Non-Hydro ~ Qil Other**
Renewables*

17.1%
Nuclear

20.8%
Natural
Gas

Electrical Energy Forecasts (IEA and B&V)

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

Energy Mix—2011

Renewable,
172997, 4%

Nuclear, 803,061,

Coal, 1,902,080,
20% 8%

Natural Gas,
816,615, 21%

Energy Mix—2035

IGCC Coal, 77,220,
1%

Hydro, 285,000,
%

Renewable,
561,004 , 11%

Nuclear, 1,102,380,
21%

Coal, 1,117,809,
21%

<]\ Hydro, 287.717,
6%

Data Label Legend:
Technology,
Energy (GWh), Share of Total (%)

43.8%
Coal

Natural Gas, Source: B&V Analysis

2,069,831, 40%
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~ Growth Forecasts for Wind

e L
26 + = BTM
I U.S. Wind WMy
24 - . 7
I Capacity
22 1 1 GW powers ~300,000 homes
20 -
18 - DOE/EIA AEO2006
16 -
14
F'\W a \"\_"),.-
Tl 2008
L Net Additions
10 -
8 : A G200
6: Actual .~ o o bt
4 + POE/EIA AEO2000
5 -
1 D. Laird, Sandia National Laboratories

1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024 2026
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%;f Projected Growth in Renewable Energy to 2035

- EI_A pre_dl?ts that biomass and Figure 3. U.S. nonhydropower renewable electricity
wind will increase the most generation, 1990-2035

i i billion kilowatts g
m These projections assume (billion kilowatts per year)

modest price reductions for 500 History 2 Frojections

solar Advanced biofuels cogeneration
= DOE SunShot Initiative aims ~ “% powersector\

to reduce installed cost of

Industrial (combined heat and power)

solar to below $1/W (5-6 cents 300
per kWh LCOE)

- This would be a major game =~ 2%
changer of successful

100
| Geotherl.ﬁ
0 — -
1990 2000 2009 2015 2025 2035
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. Why is Renewable Energy Such a Minor Component of
el ‘the Total Mix Going Forward?

Table 1. Estimated Levelized Cost of New Generation Resources, 2016,

U.S. Average Levelized Costs (2009 $/megawatthour) for
. . . Plants Entoring Service in 2016
= First, natural gas is cheap —— I | vt | o, | Vet [T You
(nOW) %) ('3']':;" O8M (including Sestinent | Linalttnd
fuel) Cost
A d d Conventional Coal 85 65.3 39 24.3 1.2 4.8
Advancod Coal 85 746 7.9 25.7 1.2 1094
. nswer epen s On Advanced Coal with CCS 85 927 92 33.1 1.2 136.2
Natural Gas-fired
technology e e
Cycle 87 17.5 1.9 45.6 1.2 66.1
H 5 & 141 Advanced Combined Cycle 87 179 19 421 1.2 63.1
Wind: public opposition, SR ) e -
5 5 5 ono Convantional Combustion
transmission, and variability Tusbine ‘ | asa|l s7] s
Advanced Combustion
S I . d . bl'[ Turbine 30 316 55 62.9 3.5 103.5
O ar: prlce an Varla | | y Advanced Nuclear 90 90.1 1.1 11.7 1.0 113.9
———— Wind 24 839 9.6 0.0 3.5 ar.0
. 0 Wind - Offshore 34 2003 281 0.0 50 2432
Hydro: environmental Solw PV’ 251 1946 121 00 s0] 2107
Solar Thermal 18 259 4 46.6 0.0 58 311.8
Gootharmal o2 79.3 1.8 8.5 1.0 101.7
Biomass 83 55.3 13.7 42.3 1.3 112.5
Hydro 52 74.5 38 6.3 1.9 86.4

' Costs are expressed in terms of net AC power available to the grid for the installed
capacity.

Source: Energy Information Administration, Annual Energy Outlook 2011, December
2010, DOE/EIA-0383(2010)
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Recent Price Trends for Generation Sources

overnight capital cost
2009 dollars per kilowatt

7000 B AEO 2010 OAEO 2011
6000
5000
4000
3000

2000

1000 I
O T T T T T T T 1

Natural Gas Pulverized IGCC Nuclear Wind Biomass Solar Photovoltaic
CC Coal CCSs Thermal

Source: EIA, Annual Energy Outlook 2011 ‘_ Sor Ndiiikialil aboriotos




- s - European Solar Experience

e v

m 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

Photovoltaic Solar Electricity Potential in European Countries

4 COMMISSION
{ ’UZ/S - Joint Research Centre

. © European Communities, 2006
hnp /Ire.jrc.ec.europa.eu/pvgis/

Yearly sum of global on south. Global [KWh/m

]
photovoltaic modules <600 2800 1000 1200 1400 1600 1800 2000 2200>
Yearly sum of solar electricity generated by 1 kWp system with optimally-inclined ;50 900 1050 1200 1350 1500 1650>

600
modules and performance ratio 0.75 Solar electricy [kWﬁ/kWp}
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~ U.S. Has Great Opportunities for
~““’Increased Solar Energy Applications

A 27 e All of the
N A D i . el
s i electricity in the
Y, U.S. could be
Ei . 3 A provided using:
s - Epp * Less than 2% of
— /' ‘ Ve 5 .
3 ’ v § the land dedicated
S & to cropland and
il o grazing.
= Less than the
L current amount of
land used for corn
ethanol
* production.
M gxICo
o . 2009 PV Installs
Wh/m2, Year Germany: 3.87GW
\é? \\QQ '3‘06 {”00 \”90 \"00 \b@ ‘\"QQ '@QQ \°’°° '19& "DQQ '\:PQ "C”QQ 'L’s)c '{'g}q U S . 485MW
B e o T S e e T it seb i 4ok T T e BHOE. 2000 The St e it o )
derived from a 40-km satellite and surface cloud cover database for the period 1885-1891 (NREL, 2003). The data for Germany were acquired from the
Joint Research Centre of the European Commission and is the yearly sum of global on an optimally-inclined surface for the period 1881-1900.
1,000 Miles 'm.-uvou ﬁwn::p ?55,"33“’ 0‘0 "F
- el o cray %
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Germany Facts

m Target: Renewable electricity 35% by 2020 and 80% by 2050
= Renewable energy has increased from 6.3% in 2000 to 17% in 2010
m 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
m 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
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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
- CO, 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?
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Questions and Discussion

Joshua S Stein
jsstein@sandia.gov
(505) 845-0936
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