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U.S. 2016 Energy Flow — 97.3Quads

Estimated U.S. Energy Consumption in 2016: 97.3 Quads
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“This year marks two changes to the energy flow chart. The Energy Information
Administration has changed the way it analyzes and reports renewable energy use, and those
changes are reflected in the 2016 chart as well as a revision to the 2015
analysis. Additionally, the estimate of efficiency of the industrial sector has been reduced
from 80 percent to 49 percent to align with recent analysis at the DOE’s Advanced
Manufacturing Office. LLNL reports all year-over-year changes on a consistent basis with
the new methodology.”

https://energy.gov/eere/amo/energy-analysis-sector



https://energy.gov/eere/amo/energy-analysis-sector

Actions within Reach

Use the “waste/reject” heat
—Natural Gas Combined Cycle (NGCC)
—Combined Heat & Power (CHP)
—Increase Efficiency

Demand Management

Fuel Switching

—Renewables
—Enabling Energy Storage Technologies
—Renewable Portfolio Standards (RPS)

—New Nuclear
-SMR

—Hydro and Geothermal
Carbon Capture & Storage on Natural Gas Fired Power Plants
Plant trees
Air Capture (©!)
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Demand Response
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Demand Response

— DR as changes (usually
reductions) in electricity usage
by end-use customers from
their normal consumption
patterns.

— In response to changes in the
price of electricity or to direct
incentives, typically at times of
high wholesale market prices or
when system reliability is
jeopardized.

— An important distinction for DR
Is that it must be dispatchable
by a utility or system operator
or be initiated by a customer in
response to a non-fixed price
signal.

Load Peak
Megawatts Load
(Mmw) - o CapEx Demand
—
Intermediate /
20,000 Cyclin \
Deman
Base
15,000 Load
10,000
Midnight 6am Noon 6pm Midnight

Demand Response is an important
component of “Smart Grid”
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Time of Day Rates Encourage Customer DR
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Summer
On-Peak  Mid-Peak Off-Peak Total
Annual Operating Hours 650 975 2015 3640
Electric Demand Charge - $/kW/month 16.50 2.45 3.30 5.43
Electric Rate - $/kWh 0.1445 0.0680 0.0430 0.0678
Demand Charge - $/kWh 0.1269 0.0126 0.0082 0.0306
Awverage Electric Rate - $/kWh 0.2714 0.0806 0.0512 0.0984
Months of Operation-Summer u
Winter
On-Peak Mid-Peak Off-Peak Total
Annual Operating Hours 0 1972 3124 5096
Electric Demand Charge - $/kW/month 0.00 0.00 3.30 2.02
Electric Rate - $/kWh 0.0000 0.0800 0.0460 0.0592
Demand Charge - $/kWh 0.0000 0.0000 0.0074 0.0045
Awerage Electric Rate - $/kWh 0.0000 0.0800 0.0534 0.0637
Months of Operation-Winter
Total
On-Peak Mid-Peak Off-Peak Total
Annual Operating Hours 650 2947 5139 8736
Electric Demand Charge - $/kW/month 16.50 0.81 3.30 3.44
Electric Rate - $/kWh 0.1445 0.0760 0.0448 0.0628
Demand Charge - $/kWh 0.1269 0.0042 0.0077 0.0154
Awerage Electric Rate - $/kWh 0.2714 0.0802 0.0525 0.0781
Months of Operation-Total
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The Rankine Cycle

- Steam
— Supercritical (SCPC)

— Ultra-supercritical Pulverized Coal
(USCPC)

— Nuclear
— Geothermal
— Concentrated Solar
- Organic Fluid
— Organic Rankine Cycle (ORC)
— Ocean Thermal-Ammonia
— Geothermal

l‘Iturbine
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Closed Rankine Cycle
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Power Cycle — 500MW Pulverized Coal

Figure 2.3: Example energy flows in a typical 500 MW
subcritical pulverizsed coal-fired boiler

Feed heating 36%

q

Electrical
output 39%

Heat input 100% }

Steam ronge and teed rodiofion loss 0.5%

Boiler losses 5.5% 1}

Condenser loss 52. 5%

.
Turbine-generator mechanical aond eledrioc| losses 1.5%

Works ouxilianes 1.0%
Source: White [1991). R=printed by permission of the publisher. £ Elsevier, 1991.
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DOE Advanced Coal Power Generation

Figure 10: Reducing CO, emissions from pulverised
coal-fired power generation
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Nuclear Power Plant

Nuclear power plant

pressure
vessel

water pump

containment structure

steam

nuclear reactor
£ 2013 Encyclopaadia Britannica, Inc.
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“The Big Picture: Next-Gen Nuclear”

— Compliments of Power magazine April 2014

— 72 mostly advanced nuclear reactions under
construction

— A total of 68GW (12% of installed base)
— China represents 40% of the total

— France will cap nuclear capacity at the current
63.2GW, forcing closures w/capacity additions

— Currently at 75% share of generation
— Goal is 50% by 2025

BUILDING A
NEW GENERATION
3 OF NUCI R ENERGY
Westinghouse i
AP1000® plant

under construction
in Sanmen, China

@ Westinghouse G, Qo

v BRARARAARAR NOTABLE NUCLEAR
AEREARESKAE HwogHaR
= S — Contracts signed, legal and
g 9 ¥ 9 & 8 27.8 GW regulatory infrastructure is
) Ao iy : well-developed:
RUSSIA B E R B B SLOVAKIA 1 B TURKEY
-1 l 880 MW
8.4 GW 7.1 6W
INDIA Y | Ji | UKRAINE BB LITHUANIA |
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| B ] UAE = Committed plans, legal and
SCRRRES ‘ l . l l l regulatory infrastructure is
6.3 GW 2.7 GW developing:
us. 7' \ _:' LA B - BELARUS ;f% POLAND ]\ 7 \
5.6 GW _ 1.1 GW 36w
ARGENTINA | BRAZIL f BANGLADESH“'"?:‘ 3_;,}
[ A - E) 2l S
717 MW 1.2 GW 26w
JAPAN iRl FINLAND N |
(on hold) - Sl % ﬁ
1.3 GW 1.6 GW 5 GW
PAKISTAN FRANCE ' VIETNAM
630 MW 1.6 GW 2.1 GW
key: o & N1 ~n Oy _
AP1000 EPR VVER NP 0PR-1000 PHWR  FAST BREEDER
(Westinghouse/ (AREVA/ (Rosatom/  (China National Nuclear (Korea Hydro REACTOR
Toshiba) France) Russia) Corp.) & Nuclear)
ABWR ATMEA1 (PR-1000  ACPR-1000  APR1400  HIGH-TEMP. OTHER
(GE-Hitachi (AREVA/ (China Guangdong (China Guangdong (Korea Hydro GAS-COOLED
or Toshiba) MHI) Nuclear) Muclear) & Nuclear)
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Installed Generating Capacity (2012) = 5,550 GW
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France Walks Back Nuclear Commitment

- PARIS (AP) — France's environment minister is backing down on promises to sharply
reduce nuclear Power Production so that the government can concentrate on reducing
fossil fuels instead.

- Nicolas Hulot told reporters Tuesday that it's too "brutal and unrealistic" to meet earlier
pledges to cap the amount of France's electricity produced by nuclear plants at 50 percent
by 2025.

- Hulot said President Emmanuel Macron's government remains committed to reducing
nuclear energy and ordered his ministry to produce a new timetable.

- But Hulot made clear his priority is weaning France's economy from fuel that contributes
to global warming. His ambitious goals include banning all sales of gasoline and diesel
cars by 2040.

- France depends more on nuclear energy than any other country, getting about three-
quarters of its electricity from its 58 nuclear plants.

November 7, 2017

base,

“Practical Strategies for Emerging Energy Technologies”



Advanced Nuclear Heat Exchangers are a Challenge

MSR: FROM THORIUM

TO ENERGY Pebble Bed

This ongoing decay (from Thorium to
Uranium) will generate large amounts of
energy in the form of heat. This heat can be
transported through a gas in a heat
exchanger and transferred to a turbine
connected to a generator which will produce
electricity.

ELYSIUM INDUSTRIES | TECHNICAL DECK

Fission fuel produces fission products and
actinides. Fission products only stay toxic for
about 200 years while many actinides stay
toxic for over 30 000 years. Molten Salt
Reactors can fully recycle actinide wastes and
only emit fission product wastes. This results
in nuclear waste remaining toxic for only
about 200 years as opposed to thousands of

b a S e years for other nuclear reactors.
© e
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Concentrating “Big Solar”

Steam temp
Steam pressure

Heliostats

| Heliostat solar-field
aperture area

— Three self-contained units

— 3500 acres

— 5 miles end-to-end

— 4 types of heliostats depending on distance

Tower height
Net generation (first
100 days)

| 392 MW (gross),
e
Boiler inlet temp
o

HEDTED
37TTMW.

J68F

2,479 psi

173500 {aach holds two
mirrors} e

2,600,000 m®

459 ft
116,000 MWh

Gross efficiency | 2872%

— Project Partners

— Bright Source Energy
— NRG Energy (NRG Renew)

— Google
— Bechtel

— Air-cooled condensers

Source: Power Magazine August 2104
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Organic Rankine Cycle

- Low Grade Heat Recovery

- Matches working fluid to available temperatures
— Geothermal 90% Isobutane/10% Isopentane
— Concentrated Solar Power (CSP)
— Gas Turbine exhaust
— Landfill

Electricity
production

‘Q\densed -~
m ‘

= Working ﬂh
Heat from: vaporized
Fumes
Exhaust gases
Processes o R C
Working fluld
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Ocean Thermal Gradients
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Open Brayton Cycle

Simple Cycle Process

Gas/Oil [ — T

Chamber

s B

Gas Turbine GT Generator

Air

> Combustion
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Impact of Design Conditions on Efficiency
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Recuperated Brayton Cycle

Effect of Recuperation on Simple-Cycle Efficiency
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Combined Heat & Power (CHP)

Combined Heat and Power: Energy savings and efficiency

A 1-megawatt natural gas engine in a combined heat
and power application converts 100 units of fuel into

35 units of electricity and 50 units of heat while losing
15 units of energy. With conventional generation the
losses are more substantial: 165 units of fuel are needed
to produce the same amount of electricity and heat,
with total losses of 80 units of energy.

Power
station

fuel

Boil CHP fuel
fﬂle?r Heat (100 units)
(59 units)
Conventional Combined Heat
Generation _ _ and Power
48% efficiency gf:;;[[ts 15|32tlt5 85% efficiency

®b asee Source: U.S. Department of Energy Northeast CHP Technical Assistance Partnership
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Engine or Gas Turbine Cogeneration (CHP)

Hot Water
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Natural Gas Combined Cycle - NGCC
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Combined Brayton/Rankine Cycle (NGCC)
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Natural Gas Combined Cycle - NGCC

- - -
Generating electricity
A power station produces electricity by changing the energy in its fuel
inter electrical energy. A gas-fired power station burns gas, converting
its chemical energy into heat. The burning gas expands and tries ro
riish out in all direction has kinetic energy. It turns the Blades of a
warbine, which drives a generator to make electricity. The hot gas also
turns water into steam, which drives another
rurbine and generator. Condensers change the
steam back into water so
that it can be used again,
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Meeting New Challenges

— This issue concentrates on adapting HRSG
to rapid start/load changes

— It neglects the impact on Downstream
CCS systems...... when employed
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Gas-Battery Spinning Reserve

CE Gas-Battery
olutio

For deploying a novel, groundbreaking gas-battery hybrid technology aleng with 1%‘2’%&
environmentally significant upgrades within a tight instaliment window, and de-

spite logistical hurdies, Southern California Edison’s Center Peaker and Grapeland
Peaker plants are especially deserving of POWER'sTop Plant recognition.

Sonal Patel

10-MW/4.3-MWh
lithium-ion battery

1. Hybrid EGT’s most valuable func-
tion is, perhaps, its ability to respond
instantaneously to grid needs
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S-CO, Brayton Cycle
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4
fuelcellenergy Fuel Cell Carbon Capture

« Carbonate electrochemical process transfers CO, from Air Electrode (Cathode) to Fuel
Electrode (Anode)

» CO, is easily separated from Anode exhaust gas because it is no longer diluted with air

Clean Power

» r
- = =

4 - '
(EATHODE:-...) CO, Depleted Flue Gas >

Fossil Plant Exhaust
- Jwith 5% to 15% CO,

ANODE"' Depleted Fuel with CC)2
~70% CO, :
- Separation

Conventional Coal or
Natural Gas Plant SureSource
Natural Gas Powerplant_ CO, to
Fuel to Fuel Cell 30 to 75% of Conventional sequestration or
Plant Rating industrial use

CO, is concentrated by fuel cell process as a side reaction of power generation.
Co-production of power during carbon capture enhances capture economics

29



Renewables
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Electric Utility Power Mix Forecast

#
& »
How do you : Decrease Decrease Stay about the Increase Increase
th]n k your significantly moderately same moderately significantly
utility’s
. Utility Scale Solar 2% 1% 16% 43% 39%
power mix !
will Change T Distributed generation 2% 2% 14% 50% 33%
over the
next 10 4ot Distributed energy storage 2% 1% 18% 52% 27%
years? '
Grid-scale energy storage 2% 2% 18% 49% 29%
Wind 2% 3% 24% 48% 23%
Natural Gas 2% 9% 25% 42% 22%
Hydro 2% 1% T3% 17% 4%
ld  Biofuels 8% 6% 61% 23% 3%
<
O Nuclear 20% 18% 54% 1% 1%
fin  oil 35% 19% 42% 3% 1%
R Coal 52% 27% 18% 2% 2%

THE STATE OF ELECTRIC UTILITY 2017
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U.S. Hydro Capacity is Very Old

Conventional hydroelectric net generation Conventional hydroelectric capacity factors Distribution of conventional hydroelectric plants in the Lower 48 states

million megawatthours percent -
> - 3 ° * .

.
- @ L. 4 4
30 5% = i —~ =
- i Oy : % : o
25 : - .. .
40% % = o % e
20 ®' s - Lo
30% - e @ . P e L Ne
15 e * : ‘.2 e BT e A
10 20% capacity . e [ :.{:" - v
6,765 MW .
5 10% © D1 MW
initial cperating year
0 - T T T T T _ 0% o T T T T T 1930 and before -
2011 2z 2013 2014 2015 2016 2jql 2011 202 23 2014 2015 2016 @ between 1930 and 1970 _
Cla S
@ after 1570 cla

- Conventional hydroelectric generators account for 7% of the operating electricity generating capacity
in the United States and about 6% to 7% of U.S. electricity generation each year.

- Hydropower plants account for 99% of all currently operating capacity built before 1930

- The 50 oldest electric generating plants in the United States are all hydroelectric generators; each has
been in service since 1908.

- Many reservoirs must balance power output with competing water demand for irrigation, municipal,
industrial, and other needs, as well as concerns with fish migration.

- As a result, hydroelectric facilities often do not run at full output. U.S. hydroelectric capacity factors,
which measure actual output as a percent of total capacity, average between 30% and 40%.
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12GW Complimentary Non-Power Dams (NPD)

Hydrologic Regions Potent.la] Po‘[entlall Hydrologic Regions Pt}tent.la] Potentla_l 10014 — —
(HUCO2) Capacity Genergnon (HUCO02) Capacity Generartlon o
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Wind Turbine

Asynchronous DFIG Wind Power Generator (Grid Scale)
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Wind Data

:: 1. ;g e = Approsimate Incremental Wind Penstration. end of 2013
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Figure 1. Annual and cumulative growth in U.S. wind power capacity Figure 4. Approximate wind energy penetration in the countries with the greatest installed wind
Table 1. International rankings of wind power capacity power capacity
Annual Capacity Cumulative Capacity *E 002 - L
(2013, MW) (end of 2013, MW) =
China 16,088 China 91,460 Do B0% - _ A%
. 5= 4% -
Germany 3,237 United States 61,110 =
India 1,987 Germany 34 468 hs% BO% - -
United Kingdom 1,833 Spain 22,637 T
Canada 1,599 India 20,589 % g 40% -
United States 1.087 United Kingdom 10,946 o %
Brazil 948 Italy £,448 BT 20%
Poland 894 France B, 128 @
Sweden 724 Canada 7,813 E o - . . .
Romania 695 Denmark 4747 Intericr Great Lakes Mestheast Wast Southeast LG, Total
Rest of World 7,045 Rest of World 51,031

JOTAL 36,137 | TOTAL 321377 m\ind Solar  mOther Renewable wGas  wCoal  sOther NoneRenewable

Sowrca: Novigant; AWEA projoct drtobese for ULS. copooity
Sowrce: EIA, Vontyx, AWEA, Imernate Rencwobie Energy Cowndl, SEIA/GTM Aesearch, Berkeley Lab

b aS e Figure 3. Generation capacity additions by region (2007-2013)
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Wind Installed Capacity & Load Factors (2012)
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Source: Global Wind Report — Annual Market Update 2014, GWEC
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Average Load Factor is 21.5%

— High 28.3% - Denmark
26.8% - USA
17.9% - China

— Low 16.8% - Germany

Top windpower electricity producing countries in 2012 (TWh)

Country \erlggﬁg\t’;loer: % of World Total Nam(;av;\)llate Narr]rsvprllate FI:():Etigr
United States 140.9 26.40% 60.0 526 26.8%
China 118.1 22.10% 75.3 660 17.9%
Spain 49.1 9.20% 22.8 200 24.6%
Germany 46.0 8.60% 31.3 274 16.8%
India 30.0 5.60% 18.4 161 18.6%
United Kingdom 19.6 3.70% 8.4 74 26.6%
France 149 2.80% 7.6 67 22.4%
Italy 13.4 2.00% 8.1 71 18.9%
Canada 11.8 2.20% 6.2 54 21.7%
Denmark 10.3 1.90% 4.2 36 28.3%
Rest of World 80.2 15.00% 40.9 358 22.4%

World Total 534.3 100.00% 283.1 2480 21.5%
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Renewables Load Factor

Electric generator capacity factors in various countries and regions, 2008-12 average
capacity factor
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Photovoltaic (PV)
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Powerlines
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Tidal Power

TidalStream is.a partnership dedicated to furthering
=the‘responsible deve}ppment of renewable energy.

ol rz’fesmwww ilda1§tf

Water depth
isupto

40m

for 2MW device
and 60m for
4MW device Turbine

2MW

Output
(1MW turbine) Onboard
buoyancy
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Wave Power

Oregon State University
Conceptualiiave Fark

Electrical Cabile

‘Permanent Magnet
Linear Generator Buay.

Source: Micolle Rager Fuller, NSF
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Renewable Portfolio Standards

Renewable Portfolio Standard Legislation as of May 2015

State with RPS. State with RPS State met RPS State with RPS No RPS
considering made it voluntary  being challenged
increasing it

Mo BPS has ever been repealed. Wit Virginia repealed o standard that
could have boon mot without any renmwille sneigy, not sn RPS.

*Cis Froae its KPS im 2074, In 2017, these standards shosld pick back up
but the committes it considering wholssale changes 1o the standard,

1.250

Seven states—Hawaii, California, Nevada, Colorado,
Minnesota, Connecticut, and Oregon—have effective RPS
requirements of 25 percent or greater.

Six states — CA, MI, NY, MN, IL and VT — are seriously
debating an increase in their RPS this year.

Ohio: With the signing of Senate Bill 310 in 2014, Ohio became
the only state to “freeze” its RPS, effectively halting the state’s
mandates for efficiency and renewables until 2017. In 2017,
these standards should pick up where they left off when the
freeze occurred, however an Energy Mandates Study Committee
is reviewing wholesale changes to the standard. In this context
of policy uncertainty, renewable energy employment and
investment is moving away, to more welcoming states.

Legislators in four states (CO, MT, CT, and NH) have voted
down proposals to diminish or repeal RPS policies this year.

1.000

0 5qg Weferencd High ' Low 'Highol’ Hgh | Low
Oll Price DIl Price and Gas Economic Economic

AEQO 2015 Total U.S. renewable
generation by fuel in 2013 & six 2040 first
cases (billion kwh)

= 3,888 billion kWh (~14%)

— Renewables get to dispatch

— If they can make power, the

Net total available to the grid grid has to take it
— 2,672 billion KWh (~199%) — Imposing their inherent

variability on the entire grid

2040
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Source: American Wind Energy Association (AWEA)
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Summary of PTC & ITC Extension Phase Down

— The final extension of the PTC and ITC occurred in the FY16 Omnibus Appropriations Bill,
passed on December 18, 2015
— Included a five-year extension and phase-down of the PTC
— As well as the option to elect the investment tax credit for wind energy
— The tax credits, extended through 2019, have begun phasing down by 20 percent each year
beginning in 2017
— PTC wind projects that started construction
— 2015 and 2016 receive a full value PTC of 2.4 cents per kilowatt hour.
— 2017, the credit is at 80 percent of full value
— 2018, 60 percent PTC
— 2019, 40 percent PTC.
— The ITC election for wind energy projects that started construction
— 2015 and 2016 are eligible for a full 30 percent ITC
— 2017, a 24 percent ITC
— 2018, an 18 percent ITC
— 2019, a 12 percent ITC.
— Rules will allow wind projects to qualify as long as they start construction before the end of the
period.
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Renewables Levelized Cost 2010 & 2014

2014 USD/kWh !
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Wind Integration Costs

— Integration includes:
— Fluctuating output profile costs
— Qutput uncertainties balancing costs
— Grid costs

At higher penetration,
integration costs for wind
exceed generation costs.

base,

. . . . . . ]
Wind: Sysr%m LCOE _Lw"

20— T
e |-|-'_'| mn':'.l'-'l' rI_'E-IJI-t:‘. - — -
. 100 :
Integration
£=
costs =
=
;? a"
— Syslem LCOE
=-=-= Shaort-tarm System LOOE
Generation { Lang-arm capacily adiustment
costs Gnd costs
Balancing cosls
I Frofile costs

B ceneralion cosis
15 20 25 an

Final elecitricity share of wind (%)

5 10 35 40

Source: System LCOE: What are the costs of variable renewables?
Falko Ueckerdt, Lion Hirth, Gunnar Luderer, Ottmar Edenhofer
Paris, June 20, 2013  32th International Energy Workshop

As presented by John Thompson Clean Air Task Force CCS -
Pittsburgh 2104
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Dealing with an even “Bigger” Duck

California Duck Renewable Generation 1
Net Load
27,000
25,000
23,000
£ 21,0007
e}
& 19,0001
2 170004 = Increased
Signiﬁcon’rI
15,0007 change
4 starting Potential
13,000 in 2015 2020 _/ over-generation
] ],OOO T T Ll T T T T T T ¥ T T T T T T T T T T L T T T
0 2 4 6 8 = n2——4 mloe 8 S0 20 05

Hour

The Cdlifornia Duck is a graphic published by the California Independent System Operator that
projects the expecled need for non-renewabie generation over a 24-hour day, Each line in the duck is
a different year from 2013 to 2020.As fime marches on and more solar generation Is placed on line, the
non-renewable demand drops during midday. The change in hourly demand drives the 2013 line. the
duck’s back. The solar generation that will be online by 2020 resulfs in a dip in non-renewable demand
during midday - the duck’s belly.

The Duck Pond of Non-Renewable Generation 2
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Figure 2 is an expansion of Figure 1, showing the amount of generation under the duck.

Source: Bonnie Marini — Siemens Energy
Through Power Engineering
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Integrating Renewables “Dealing with The Duck”

All about correlation
Example of typical wind and solar generation in California with 20% RPS

RN e N N TS RN T R SR

Soﬁo;ce: Source: Discussion paper on Renewable Integration: Market & Product Review, CAISO,

& July 2010 available at http:/iwww.caiso.com/27cd/27cdebB8548450 pdf

Load, Wind & Solar Profiles — High Load Case
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Economic Merit Order Dispatch
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Impact of Intermittent Renewables on Merit Order
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Shift in Supply Cost Curve with Renewables

Fossil Assets Pushed Back In Merit Order
— Reduced load factor 85% to 65%
— Rapid ramp rates and start/stop operation
— Off-design operation

— Efficiency penalty

— Emissions penalty

— Reduced revenue
— Retain obligation for grid stability

Market Price Falls

Production Cost

Lignile
s P .
Wind Wianl Hydru Mucloat

Installed Genaration
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Heat Rate Changes with Load Factor

Figure 2.2: Impact of unit operating load on heat rate
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And, load factors decline!
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Germany Energiewende

- Energiewende at a new turning point
- No more than 45% renewable energy by 2025
- Goal for completing underground transmission lines for wind
in the north to industry in the south by 2022
- Rapidly decreasing load factors are killing financial returns of
old-line power producers
- Conventional utilities restructuring into:
— Legacy assets
— Renewables
- RWE mothballed a brand new billion-euro Westfalen-D coal-
fired plant
— Damaged at start-up
— Decision not to correct error, but to de-construct plant
- E.ON applied to shutter two new gas-fired unit in 2015 as
unprofitable
- Merit Order Dispatch Consequences
— First determined based on fuel input cost
— However, all renewable energy must be absorbed first

— Dispatch order is solar, wind, hydro, biomass, nuclear, lignite,
hard coal, and then natural gas.

— Germany burns imported hard coal, generating excess
capacity, export that capacity elsewhere in Europe

— New gas plants cannot compete

base,

1. The path to more renewables

in Germany. Renewable energy sources (RES)

already supply about a third of the country’s electricity. Source: Agora Energiewende, data from

AG Energiebilanzen 20156
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3. Marginal costs for new gas and old coal power plants 2008-2015.
Despite lower prices for natural gas and slightly higher CO, prices, new gas plants cannot

compete against old coal plants. Source: A
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La Paloma Plant Going Bankru

o]

A natural gas-fired power plant in California that earlier this year warned it might need to shut
down filed for bankruptcy protection on Tuesday, blaming "inhospitable"” regulations and a shift
toward renewable energy for power generation.

La Paloma Generating Co LLC [CMENGL.UL], a 1,200 megawatt combined cycle plant about 110
miles northwest of Los Angeles, filed for U.S. Chapter 11 bankruptcy in Delaware on Tuesday, citing
$524 million of debt.

In its filing, La Paloma said market factors including slower-than-expected growth in electricity
demand and a rise in renewable generation resources in California were "exacerbated by an
inhospitable regulatory environment.”

La Paloma is owned by Rockland Capital LLC, one of several California plant owners that has asked
the state for help in offsetting losses, arguing that it is in the state's interest to support the natural
gas plants because they provide stability and reliability to the power grid.

An unexpected combination of oversupply of natural gas and a boom in solar and other renewable
enerqgy has depressed power prices and threatened the viability of natural gas plants that sell
power into California's electricity market.

In its court filing, La Paloma said it had decided that Chapter 11 was in the best interests of the
company and its creditors and stakeholders, following consultation with financial and legal
advisers.

The company listed Bank of America Corp (BAC.N) and SunTrust Bank [STIHCB.UL] as its lenders.
It has trade debt with a number of organizations including Alstom Power Inc, the West Kern Water
District and Pacific Gas & Electric Co (PCG_pa.A).

(Reporting by Tracy Rucinski; Eiting by Steve Orlofsky)

http://www.reuters.com/article/us-la-paloma-
bankruptcy-idUSKBN13V2PY
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Exelon's Texas merchant subsidiary files bankruptcy

- ExGen Texas Power owned five generating facilities in the Lone Star state, but the
bankruptcy agreement will change that.

- Exelon blamed the financial woes on "historically low power prices within Texas" that
created "challenging market conditions for all power generators, including the five
natural gas-fired EGTP plants."

- The Exelon development comes as Vistra Energy announced plans to close three coal-
fired power plants in Texas — part of the 5,625 MW of fossil fuel capacity that is slated
to be retired or mothballed in the state in the coming year.

- EGTP owns two combined-cycle gas plants, two gas-fired steam boilers and a small
simple-cycle plant.

- Cheap gas has been pushing coal off the grid in some markets, and Texas' wind power is
now having some of the same effect on gas. The Handley plant is a 3-unit, 1,265 MW
facility located in Fort Worth, providing electricity to customers in the Electric
Reliability Council of Texas.
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Australia’s rooftop solar brings grid demand to historic
lows

02/11/2017
By Tildy Bayar
Features Editor

Demand for grid power in the state of Western Australia has fallen to an eight-year low thanks in part to
rooftop solar installations, Australian renewables news site ReNew Economy found.

Grid power demand fell to a record low of 1265 MW last Sunday during a midday interval when rooftop PV
systems generated 420 MW.

And WA'’s grid operator expects the growing amount of rooftop solar in th c.teie mie " "~ iz 2 grid
power demand to zero on some days. It is anticipated that PV systems cou e nt of

businesses and two-thirds of homes within a decade. - ‘
Rooftop PV installations in WA are up 49 per cent this year on 2016 levels,
standing at 785 MW.

And the trend is seen in other states too. Figures from the Australian PV in
rooftop systems installed in New South Wales, while a Climate Council re|
Queensland where 50 per cent of residential buildings have rooftop solar.
South Australia's grid demand hit a record low in September, with just 58§&
afternoon when rooftop PV generated over 700 MW. e -
Image credit: GHI Solar Map © 2017 Solargis R — o
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http://www.decentralized-energy.com/content/cospp/en/authors/tildy-bayar.html
https://www.linkedin.com/cws/share?url=http://www.decentralized-energy.com/articles/2017/11/australia-s-rooftop-solar-brings-grid-demand-to-historic-lows.html
https://twitter.com/share?url=http://www.decentralized-energy.com/articles/2017/11/australia-s-rooftop-solar-brings-grid-demand-to-historic-lows.html&text=Australia%E2%80%99s%20rooftop%20solar%20brings%20grid%20demand%20to%20historic%20lows%20-%20Decentralized%20Energy
https://www.facebook.com/sharer.php?u=http://www.decentralized-energy.com/articles/2017/11/australia-s-rooftop-solar-brings-grid-demand-to-historic-lows.html
mailto:?subject=Australia%E2%80%99s%20rooftop%20solar%20brings%20grid%20demand%20to%20historic%20lows%20-%20Decentralized%20Energy&body=http://www.decentralized-energy.com/articles/2017/11/australia-s-rooftop-solar-brings-grid-demand-to-historic-lows.html
http://www.decentralized-energy.com/content/cospp/en/world-regions/australasia.html
http://www.decentralized-energy.com/content/cospp/en/on-site-renewables/solar-photovoltaic.html
http://www.decentralized-energy.com/content/cospp/en/equipment-technology.html

De'fl N |t| ons - N O P R Notice of Proposed Rulemaking (NOPR)

— Baseload Power Supply is a term used to describe generation that falls at the bottom of
the economic dispatch stack, meaning those power plants are the most economical to run
— Coal and nuclear resources are designed for low cost O&M and continuous operation
— These conventional steam-driven generation resources have low forced and maintenance
outage hours and have low exposure to fuel supply chain issues
— Variable Renewable Energy (VRE) is a source that is non-dispatchable due to its
fluctuating nature, like wind and solar
— Controllable Renewable Energy (CRE?) source such as hydroelectric, or biomass, or a
relatively constant source such as geothermal power or run-of-the-river hydro

“Baseload” generation is not a requirement; however, having a
portion of a resource fleet with high reliability characteristics, such
as low forced and maintenance outage rates and low exposure to
fuel supply chain issues, is one of the most fundamental necessities
of a reliable Baseload Power Supply (BPS)
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Reserves Definition

Operating Reserves Planned Reserves
Regulating
REeserve (a)
| On=Line Spinning
Reserve Crperations Svystem Planning
(h) Planning / Unir | Resource
Commitment Installation
(f) ()
Non-Spinning Other Off-Line
Reserve Reserve
(<) (e)
such as such as
@ Interruptible Load Curtailable
Fast-Start Load
Generation Off-Line Unirs
<= 1{) min 10-60 min hours to days weeks to yvears
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Storage
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Energy Storage Technologies

UPS T&D Grid Support Energy Management
Frequency & Power Quality Load Shifting Bridging Power Bulk Power Management

A
Metal-Air Battery |

Hours

Minutes

Lead Acid Batier'f
NiCd Battery

NiMh Battery

Flywheels

Discharge Time at Rated Power

10KW 100KW 1MW 10 MW 100MW 1GW

®baSee B System Power Rating
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Pumped Hydro Storage

Principle of a pumped-storage power plant !

upper reservoir

transmission

intake power grid

)
tunnel Ty
a0l O
penstock F e
Purnm-ng &
mOde substation

lower reservoir
Eeneraﬁm
e - AT A,
f"lrlii“el power-house
;ﬁe: “®  (reversible pump-turbine)

_} Direction of water flows whengenerating === =eee-aaad » Direction of power flows when generating

(— Direction of water flows when pumping §-—==mm== Direction of power flows when pumping
- i =
D Rotation when generating 74 il i )\ .
( urbine
C Rotation when pumping =S 7
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Compressed Air Energy Storage (CAES)

LF Motor | -
N\
N\ ] S
| :
1 . . .
! RHR Single TrainMachinery Arrangement
1
! Cqmpressed
ittt Optional Combustor PSS - Air Storage
1
]
v
Generator Motor
— LFP oto1 | ot =
g Comp

Split the two components of a gas turbine
1.Compressor
2. Turbine (Expander)
So they can operate at different time(s) of day
Turbine may be “fired” or “un-fired”

base,

Split Train Machinery Arrangement

Source: Dresser-Rand
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Carbon Capture Utilization & Storage
(CCUS)

base,
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Annual U.S. CO, Utilization vs. Emissions

Gaseous Consumption | 5Largest CO, Emitters in 2009
Mainly enhanced oil recovery Plant Location CO,, Mt/lyr GWe
18%  mjreg 1 Scherer Juliette, GA 25.0 3.56
4%
1% mNaCO3 2 Bowen Cartersville, GA 20.8 3.50
77% CaCO3 3 Miller Quinton, AL 23.3 2.82
=0l & Gas 4 Martin Lake Tatum, TX 260 2.38
— - . 5 Gibson Owensville, IN 222 3.34
Liquid/Solid Consumption
Mainly Food Total 117.3 15.6
25% W Food U.S. Utilization = 100 Mt
Beverage = Emissions 5 large plants
5% 55% w0l & Gas U.S. Emissions = 2400 Mt from utility
N\ = 6000 Mt total
15% ~~ Other

Sources. EPA, IEA

DOE estimates ~25% of coal power CO,

Total Utilization ~ 100 Mt emissions could be used for EOR, if ~$30/t
Sources: SRI Consulting, MIT, UT Austin =rr2l | ELECTRIC POWER

RESEARCH IMNSTITUTE

© 2014 Blectric Power Research Institute, Inc. All nghts resenved. 5

basee We do not grasp the scale of the problem
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EPRI CO2 Utilization

» CO, chemical conversion to fuels

— Requires ~6-15 times more energy produced

—Uses CO, as energy storage — other options much better
» CO, conversion to other chemicals

— Requires more energy and/or reactants than produced

— Scale mismatch - CO, production dwarfs other chemicals
» Mineralization

— Emits >50% of carbon captured at low capture efficiency

— Scale of reactants, energy needed, low conversion
* Biological conversion

— Land use requirement: size of Ohio for US coal fleet

— Significant energy cost: EROI <2

E=1=A20 | sesearch imsm
RESEARCH IMSTITUTE



CO, Power Plant/Capture Options
Pulverized Coal (PC) e PC Oxy-combustion
Post-combustion (i\ Steam ~550 MWe co.t
|| || E":ﬁ"‘“ [ Storage
- Flue Gas Recydle
- - 5 o
'.'.?\e:m —* _.{ZL'—F mm— III
Low Prectize siam * PC Boiler Limestone o L0
i = Coal——s]| (NoSCR) | "o Puriication
erffl =iy mﬁi’n;;ﬂmw _— S I
5500 TFD Leakage e Az Gypeum
Sulfur
Cw;-snani'l‘- Staam Eulff'ur
L ~100°F “"‘“i"""’
gﬁ:{? Syngas - Waler_Gas . Syngas 2-5tage
Coal — Quench Cleanup T Shift Cooler Selexol
Steam Woder
Reheat
- PowerBlock -——-————--——---—= '
e ey M l
GaSiﬁcation (IGCC) 200 - 300 MW 2K 232 MW L0, to Storage

Pre-combustion

Source: Cost and Performance Baseiine for Fossil Enengy Power Plants study, Volume 1:
Bituminous Coal and Notural Gas to Electricity; NETL, Moy 2007
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Carbon Capture Processes

N,
o, t
Coal I

. CO,
Gas =3 Power & Heat jemi .
Separation
Baomass v ‘ \"‘1

P
Ennun‘ . L \ "b:',.

Pre combustion |Gasification Reformer | H, :

+CO, Sop

Gas, O

Coal 1
Oxyfuel Gas sy Powor & Heot |

B B el Pl Ll
mass + -ﬂ: H= I

Ay —Il-r'u.‘!-p-rnﬂm

A0,
Industrial processes Gas e Process +CO, Sep.
Biomass I L

Raw material Gas, An'r:;nnln. Stoel

CH, + 20,2 CO,+ 2H,0
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Fossil Fuel Power Plant — CC&S

All fossil fuel power plants This is the compressor(s)
produce CO2

CO2 Compressor Power

— Advanced pulverize coal
- 8-12%
— 600MW =70MW =593,000 hp
— 1GCC - 5%
— 600MW =30MW =>40,000 hp
— NGCC - 8%
— 400MW =32MW =>43,000 hp

Stack

storage

e e e e

Thermal Power Plant Carbon Capture Technology

base,

Compression Costs are 36% of Total Cost/Mt of CO2
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This i1s what 6000 hp Compressor Really Looks Like

Pr 200:1
1.70 Pr per stage
10-stage
6000 hp
$8.0 million

base, I
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Costs of CO, Avoided

Costs of CO, avoided Source: Global CCS Institute Victor Der July 2013
300 : 239
EOR Economic Payback 203

200 (1) Mt CO, Produces (3) Barrels of Oil .

150 182
=

139
o —— . -
o 49
o
0 0

> o R s

R0 38 -27

» A @ < = D 2 N =)
I e N AN NS &8
R G ) S L N o
‘:*;S\ S\Q %) % @“‘ < "\9 %) *\\ S
& 'S & o & &®
A S N\ S
(JC.:

base,

“Practical Strategies for Emerging Energy Technologies”



McKinsey Global GHG Cost Curve V2.1

Abatement cost
€ pertCO.e

80

60

40

20

0

-20

-40

-60

-80

-100

-120

-140

-160

-180

-200

Note: The curve presents an estimate of the maximum potential of all technical GHG abatement measures below €80 per tCO,e if each lever

Lighting — switch incandescent
to LED (residential)

Motor systems efficiency
15! generation biofuels
’7|— Cars full hybrid

_ Reduced slash and burn agriculture
conversion

Gas plant CCS retrofit
Iron and steel CCS new build-
Coal CCS new buil

— Reduced pastureland conversion
Grassland management Coal CCS reimﬁt—‘

5 10

15

Leothermal

20 2% BO 35 38

Abatement potential
GtCO.e per year

Rice management =

Small hydro
aste recycling

Efficiency improvements other industry

olar CSP

Reduced intensive
agriculture conversion

-Appliances residential

Landfill gas electricity generation

‘Clinker substitution by fly ash

Building efficiency new build
- Insulation retrofit (residential)

=Tillage and residue management
—Cropland nutrient management

~ Cars plug-in hybrid

Solar PV

—ow penetration wind
—Degraded forest reforestation
— Pastureland afforestation

— Degraded land restoration

— Nuclear

Retrofit residential HVAC
- 2™ generation biofuels

Where is Coal-to-Gas Shift?

There is no Gas CCS new build??

was pursued aggressively. It is not a forecast of what role different abatement measures and technologies will play.
Source: Global GHG Abatement Cost Curve v2.1
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CO, Pricing

Carbon pricing is spreading

e
w

Source: On Climate Change Policy

.
(=]

— Prices are far too low to price emissions efficiently

— The vast majority of priced emissions — about 90% of
the total — are priced below $14/tCO,

— Higher carbon prices are invariably for small volumes,
and are found in Europe, British Columbia and Alberta

— The environmental damage caused by emissions — as

estimated the US EPA

— Carbon prices are thus too low even compared with a
likely underestimate of the cost of emissions

— Taxes are too low and caps are too loose to price carbon

adequately

— Consequently efficient abatement is not happening.

.-_.__-__,__.——.-'-
L e—— - - T -
-:-II.III ||I||"u r
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[=3 r ot [y
[=] wu o w
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NETL U.S. Carbon Storage Atlas V

CO, Staticnary Source Emissions by Category

Estimates of (0, Stationary Source Emissions and Estimates
of €0, Storage Resources for Geologic Storage Sites

€0, Stationary
Sources
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Sources >25,000 tonnes ,"
Electricity Production 69% |
v

2005 = 2416 Mt
2012 =0.69 x 3,071 = 2,119 Mt

U.S. Totals
2011 = 5601 (37.6%)

2015 = 5680 (37.3%)

http://www.netl.doe.gov/research/coal/carbon-storage/natcarb-atlas
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Enhanced Oil Recovery

Oil to Market

CO, Source

Production Well

EOR Economic Payback
(1) Mt CO, Produces (3) Barrels of Oil

Oil Bank

Miscible
Zone
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Enhanced Oil Recovery

Weyburn Oil Field CO2 Enhanced Oil Recovery
— Enhance Oil Recovery (EOR) i T
— Near term application

— Recover up to 15% more oil from existing
reservoirs d

— Extend useful life by 25 years s
— Substitute for natural gas re-injection
— $800 million annual market potential

10,000 -
25,000 —
30,000 =
25,000 -

20,000 -

v

— Enhanced Coal Bed Methane
— R&D efforts focused on similar use 300,000
and effects Do

250,000 |—
B Rocky Mountains

— Ol Shale & Tar Sands

B Permian Basin

)

o ] ] § 200,000
— 1 trillion bbl oil equivalent g
@

— In-situ methods under investigation £ """

— Potential CO, use & 100,000
(18]

— Stimulate production 5 50000

— Moderate in-situ combustion
10986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012
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British Columbia Carbon Tax “Success”

— “Successful implementation”
— 16% drop in consumption after introduction in 2008
— Initially $C10/tonne, increasing to current $C30/tonne
— $C30/tonne = 7 cents/liter = 26.5 cents/gallon
— Use of Y2 Carbon Tax funds for Regional Transit
expansion denied
— A 2" Carbon Tax is being discussed to fund the Region’s
Transit expansion

e A Can, Al
15,000 miles e e
20 mpg N T (it M |
750 gal = =Ont, I:'.a"-adiaﬂs
$200 @ $26.5/gal I [
BC, Canadians
33,000,000 oo e
8-15% e——
28,000,000 +======s====czgo=—f--
19.64 Ib-CO2/gal
750 gal i
14,730 Ib-CO2 :
6.68 tonnes o]
$200 @ $30/tonne

base,

“The goal of the carbon tax, reducing carbon, is just completely
synchronous with public transit funding and getting people out
of cars,” he said. “Regardless of what the minister has said, we
still believe it’s the best source.”

Richard Walton, mayor of the District of North Vancouver

a/11 BC Carbon

lan-74  Jan-76 Jan-78 Ja-B0 Jan-82 Jan-BA  Jan-86 Jan-BE Jan-90 Jan-52 Jan-9d  Jan-56 Jan-38 lan-00 Jan-02 Jan-(d Jan-06 Jan-0B Jan-10 Jan-12
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Well-to-Wheels Comparison Electric vs. Gasoline

BEV . N ArgonneéXé
Serles POW er -Spllt NATIOWAL LABORATORY
Design _ Design _
PHEV40 PHEWV20 .
W Well-to-Wheels Analysis of Energy Use
E PHEW30 and Greenh Gas Emissions
1.2 J’ PHEV10 mmmmSmart (least cost) Charging of Plug-In Hybrid Electric Vehicles
U nconstrained Charging
Baseline
— 1 Gasoline ICE
0 o o® ./. IL (coal intensive mix) Vehicle (GV)
25% =2 - Source of Electricity
g | - | for Battery Recharging
% 08 S U.S. (average mix)
e '_0_ ___-___://‘/-WECCd d by NGC i
Y _‘A Sl S (dominated by 5 T ————— CCS for electric
5 | I - \ ~---“~-
2 06 1 A~ Regular I s power does not
) ’ ! Gasoline HEY A
E = appear to be included
o
L i
© 04 + —=— Renewable
s S——a
0.2 4+
B »
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Petroleum Use (relative to GV)

FIGURE ES.1 WTW Petroleum Use and GHG Emissions for CD Operation of Gasoline PHE Vs
b and BEVs Compared with Baseline Gasoline ICEVs and Regular Gasoline HEVs
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Hydrogen from Water

~—— Hydrogen
gas

)_k External source

emft

Oxygen
gas '

Oxygen Water Hydrogen
bubbles N with bubbles

‘%ﬂ; soluble /

o o salt /
)

2H20(1) = 2H2(g) + O2(9)

®base o Solar PV + electrolyzer = Hydrogen
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Corn Ethanol Energy Balance

Institute [ ]

forSUStainab“ity Process of Evaluation

AN fechnological Community — corn Ethanol Energy Balance

Basis: 1 m"2 farm land

I i
Herbicide |

3 Energy
T | v
Watar ) {Shapouri, 2004)
- i gl haeour; J004) Energy Water
Ring. 2007 | | 50001075 J 3.36*10%-4 m"3 wate
(Ring, 2007) coz ) ) {Shapouri, 2004) (Ring, 2007}
5 Energy (diesel Equipment I
Equi plment or other fossil fuels) ]
Peslicide c il Ui -
) 5721075 kg - o
{PAN Peslicida Dalabass, 2005) Com-_Shipping (Truck) 236 kg — Ethanol Refinery ——
e LI Lo {Mational Com Growers Association, 2006)
Kernel Farm ‘
7.1%10%4 kg
500000 T GHG
(Shapour, 2004) l
Dry Distillers |
Fertilizer | Grain GHG
Q2105 | | ke
B - GHG [American Coalitien for Ethanol, 2007}
———(Shapuri, 2004) Surfaoa_ Runaoff
' 95% Ethanol, 5% gasoline
7AT*10°-5 m*3 EtOH
1841006 J
{Shapouri, 2004)
' Gas!)line l i
Enargy {Diesel or Energy (Diesel or

A2610 0 S gas other fossil fuals)

other fossil fuels)
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i
Shipping {Truck or Train) | —Ethanol fg;f:’ gtahse'cm: | Shipping (Truck) : gai:}iil;oll'll'lix G
.. 8 .8 -
GTG Ethanol Storage Tank G'IG Modified Gas Pumps
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Air Capture

As we move to commercialization, we envision industrial-scale air capture facilities,
sited outside of cities and on non-agricultural land, that supply COz for fuel
synthesis, and eventually for direct sequestration to compensate for emissions that
are too challenging or costly to eliminate at source. At this large scale, our
technology will be able to achieve costs of $100-150 USD per tonne of CO2 captured,
purified, and compressed to 150 bar.

CARBON ENGINEERING

WA‘TER rsoun,md—l l!- PELLETS ‘ I :"I;IR).ESJC-EDZ,

Popening o e

. BR® Y YAt
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Other Issues & Countries to Watch

- LNG Supply Demand Balancing - Argentina

- North American Shale - Methane Hydrates

- Panama Canal - Russia to be dominant fuel supplier to
_ Mexico Asia

- East Mediterranean Resource - International Maritime Organization
_ Qatar (IMO) 3.5% to 0.5% marine fuel

sulphur content in 2020

- Russian Plans to dominate fuel supply
to Asia

- China-Pakistan Economic Corridor
- Canadian Resources
- Arctic

- Turkmenistan—Afghanistan—Pakistan—
India Pipeline (TAPI)
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Appendix 2
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BP Conversion Factors

Approximate conversion factors

Crude oil” Units
From To 11 metric tonne - 23045310
tonnas s tonnes = 1.1023 short fons
ienatric! kilolitres . barmels gallors peryasr T liolitre - B.7B00 barrels
T 1 1.165 ;—,. T3 a07.98 ' S
Jnres Imete) e 5 Gome apid Z  Twiocalorie (kcal) -~ 4187k
Barrels 01384 0.1ES 1 42 - = 3.0GBE
LiE galions 0.00325 0.0038 0.0z3e 1 - 1 kllojouls (k)| = 0.239kcal
Barreds par U-E"' - - - - 438 - 0.04EE
*Hased on worldwide average gravity 1 British thermal - 0.252kcal
unit |Btuj = 1.08Ek]
Product 1 Kliowatl-hour (KWh] = BEDEcal
roducts — SEDOE)
I To conwert = 34128
barrals onnes kiloktres tornes
o fomrss o barrels o fonne:s o kiloltres o -
. Multiply by Calorific equivalents
Liquafied patroleum gas [LFG) 01,065 11.60 0542 1.844  One tonne of ol equivaient equals approd matesy:
Ftasd R o NiEa 1228 Heat units 10 millon Kliccaknes
Gas oljdiesal 0134 7AE 0843 1.188 42 gigajoules
Residual fued all 0157 B35 0391 1.010 40 millian British
Product basket 0135 796 078 1.280 thermal unis
Solld fuels 1.5 tonnes of hard coal
i 3 tonnes of ignite
Matural gas [NG) and liquefied natural gas [LNG] Gazeous Tusls Sea Natural gas and
From . To Niquelad natural gas tabie
bilior cubic bilion cubic milion tommes milion tonnes  tillion British milion barels  El2CiAcity 12 megawatt-hows
matres ME foat NG ol equivalant LNG  thermnal writs ol equivaknt
[ Multiply by Ona million tonnes of ol or ol aguivalent producas
1 bllan cubic metres NG 1 363 .00 074 a57 gE0  S00Ut 4400 gipawatt-hours (= 4.4 terawslt-nours|
1 billkan cubic faet NG D.0zd 1 0035 Q.02 1.01 018 of electicity In @ modem power station.
1 mamlon tannes oll equivalent 1.1 397 1 087 347 733
1 mamon tannes LNG 135 48.0 1332 1 ABE a4a7 -
1 trilban British thermal units 0.a2d 0.9a 0036 .01 1 n.1d } ﬁx:ﬂ mﬂa flgggﬂt;?;'m““
1 maslon barrals oll equivalent 015 .35 .14 011 541 1 :
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