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U.S. 2016 Energy Flow – 97.3Quads

“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
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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. Demand Response is an important 

component of “Smart Grid”

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCLa3hs_gi8kCFYNuPgodYZcJKg&url=http://blogs.cas.suffolk.edu/mjalmana/2012/04/24/demand-response/&bvm=bv.107406026,bs.1,d.cWw&psig=AFQjCNEq0FEz0HmtB4I-wZla1lSax9vJtQ&ust=1447447565683897
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Time of Day Rates Encourage Customer DR
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
Average Electric Rate - $/kWh 0.2714 0.0806 0.0512 0.0984

Months of Operation-Summer 5

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
Average Electric Rate - $/kWh 0.0000 0.0800 0.0534 0.0637

Months of Operation-Winter 7

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
Average Electric Rate - $/kWh 0.2714 0.0802 0.0525 0.0781

Months of Operation-Total 12

Resource Dispatch Under User Control
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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
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Closed Rankine Cycle

Condenser Water 
returned to the boiler
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Power Cycle – 500MW Pulverized Coal
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DOE Advanced Coal Power Generation



“Practical Strategies for Emerging Energy Technologies”
®basee

Nuclear Power Plant
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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

Westinghouse 
AP1000® plant

under construction 
in Sanmen, China

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
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Advanced Nuclear

Pebble Bed

Molten Salt

Heat Exchangers are a Challenge
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Concentrating “Big Solar”

− Project Partners
− Bright Source Energy
− NRG Energy (NRG Renew)
− Google
− Bechtel

− Three  self-contained units
− 3500 acres
− 5 miles end-to-end
− 4 types of heliostats depending on distance
− 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
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Ocean Thermal Gradients
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Open Brayton Cycle
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Impact of Design Conditions on Efficiency

Source: NREC
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Recuperated Brayton Cycle
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Combined Heat & Power (CHP)
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Engine or Gas Turbine Cogeneration (CHP)
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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

Simples Cycle Gas Turbine Section
40% LHV Efficiency
1100 lb-CO2/MWh

Combined Cycle “Adder”
60% LHV Efficiency

800 lb-CO2/MWh
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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
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S-CO2 Brayton Cycle
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Fuel Cell Carbon Capture
• Carbonate electrochemical process transfers CO2 from Air Electrode (Cathode) to Fuel 

Electrode (Anode)
• CO2 is easily separated from Anode exhaust gas because it is no longer diluted with air

Conventional Coal or 
Natural Gas Plant

CATHODE

ANODEFuel

Fossil Plant Exhaust
with 5% to 15% CO2

CO2 Depleted Flue Gas

CO2
Separation

Depleted Fuel with
~70% CO2

CO2

CO2 to 
sequestration or 
industrial use

SureSource 
Powerplant

30 to 75% of Conventional 
Plant Rating

Clean Power

Natural Gas 
Fuel to Fuel Cell

CO2 is concentrated by fuel cell process as a side reaction of power generation.
Co-production of power during carbon capture enhances capture economics
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Renewables
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Electric Utility Power Mix Forecast
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U.S. Hydro Capacity is Very Old

˗ 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)
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Wind Turbine
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Wind Data
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Wind Installed Capacity & Load Factors (2012) 

2013   -21% decline
18 year average +23.7% growth

− 2013   +12.5% growth 
− 18 year average +18% growth

Source: Global Wind Report – Annual Market Update 2014, GWEC

Top windpower electricity producing countries in 2012 (TWh)

Country Windpower 
Production  % of World Total Nameplate 

GW
Nameplate 

TWh
Load 

Factor
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 14.9 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%

Average Load Factor is 21.5%
− High 28.3% - Denmark

26.8% - USA
17.9% - China

− Low 16.8%  - Germany
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Renewables Load Factor
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Photovoltaic (PV)

Residential

Utility Scale
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Hydro Power
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Tidal Power
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Wave Power
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Renewable Portfolio Standards
− 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.

Source: American Wind Energy Association (AWEA)

AEO 2015 Total U.S. renewable 
generation by fuel in 2013 & six 2040 
cases (billion kWh)

Net total available to the grid
2013 = 3,888 billion kWh (~14%)
2040 Ref = 4,672 billion kWh (~19%)

− Renewables get to dispatch 
first

− If they can make power, the 
grid has to take it

− Imposing their inherent 
variability on the entire grid
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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

$0.14/kWh

$0.05/kWh
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Wind Integration Costs

− Integration includes:
− Fluctuating output profile costs
− Output uncertainties balancing costs 
− Grid costs

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

At higher penetration, 
integration costs for wind 
exceed generation costs.
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Dealing with an even “Bigger” Duck

Source: Bonnie Marini – Siemens Energy
Through Power Engineering



“Practical Strategies for Emerging Energy Technologies”
®basee

Integrating Renewables “Dealing with The Duck”

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCOv8srGmgskCFYJEPgodJPUGpQ&url=http://www.ccj-online.com/integrating-renewables-may-call-for-some-combined-cycles-to-start-twice-daily-increasing-emissions/&psig=AFQjCNFNpkMFv6KV2IhP2GmCBWihLfLT1w&ust=1447122704663144
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCKbkzY2ngskCFUZVPgod22gGAA&url=http://www.menloenergy.com/?p=234&bvm=bv.106923889,d.cWw&psig=AFQjCNFwYQ91TGjVA0YVU10wbp-4ZGZf6g&ust=1447122909796446
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Economic Merit Order Dispatch 

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCPfe4f3WjckCFUQ9Pgod7-YMUA&url=http://www.genscape.com/solutions/power/europe-market-forecasting/epsi-platform/fundamental-data&psig=AFQjCNFFeO729q8YmW0k3eRyl5SBpPYgWw&ust=1447513151438680
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Impact of Intermittent Renewables on Merit Order

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCOPhz5TYjckCFUt7PgodqvoBYQ&url=http://energy.sia-partners.com/20130723/power-at-a-negative-price-an-insidous-effect-of-a-market-model-promoting-renewables&psig=AFQjCNE9oM9Zh2SPIF7b3rA7AjmYxwrpng&ust=1447513927832071
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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 

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCOPhz5TYjckCFUt7PgodqvoBYQ&url=http://www.c2es.org/publications?topic=2536&psig=AFQjCNE9oM9Zh2SPIF7b3rA7AjmYxwrpng&ust=1447513927832071
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Heat Rate Changes with Load Factor

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
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La Paloma Plant Going Bankrupt

http://www.reuters.com/article/us-la-paloma-
bankruptcy-idUSKBN13V2PY

The La Paloma natural gas-fired generating plant in 
McKittrick, California. REUTERS/Handout/Files 

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 the state to eventually reduce grid 
power demand to zero on some days. It is anticipated that PV systems could be installed on 90 per cent 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, with the state's total capacity 
standing at 785 MW.
And the trend is seen in other states too. Figures from the Australian PV institute show over 380,000 
rooftop systems installed in New South Wales, while a Climate Council report finds 14 postcodes in 
Queensland where 50 per cent of residential buildings have rooftop solar.
South Australia's grid demand hit a record low in September, with just 588 MW used on a Sunday 
afternoon when rooftop PV generated over 700 MW.
Image credit: GHI Solar Map © 2017 Solargis

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
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Definitions - 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)

Notice of Proposed Rulemaking (NOPR)
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Reserves Definition
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Storage
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Energy Storage Technologies

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCL-spuTei8kCFQk5Pgod_uID9A&url=http://www.mpoweruk.com/grid_storage.htm&bvm=bv.107467506,d.dmo&psig=AFQjCNGP9oXtHug-dNpVPnRjiFIN4r4nJQ&ust=1447447089941643
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Pumped Hydro Storage

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCOz91fiBk8kCFcgsHgodrR8Nhg&url=http://energyfuture.wikidot.com/hydropower-resources&bvm=bv.107467506,d.dmo&psig=AFQjCNGR1efc1M-NJaccKHkOLO10gIsY5w&ust=1447696856488965
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCO_KldmAk8kCFUeaHgodrugMxA&url=http://futureofenergy.web.unc.edu/2015/04/28/the-future-of-energy-storage-the-potential-for-and-effects-of-widespread-energy-brian-vaughn-kristen-lee-and-tracy-edwards/&psig=AFQjCNF3J_kETaOYlO6M1YyV2QWXrw4R0g&ust=1447696689606339
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCOHm4qGBk8kCFYUfHgod2VoBtQ&url=http://www.power-eng.com/articles/print/volume-114/issue-6/Features/opportunities-in-pumped-storage-hydropower.html&psig=AFQjCNGR1efc1M-NJaccKHkOLO10gIsY5w&ust=1447696856488965
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61

Compressed Air Energy Storage (CAES)

Source: Dresser-Rand

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”

Optional Combustor

Compressed 
Air Storage
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Carbon Capture Utilization & Storage
(CCUS)



“Practical Strategies for Emerging Energy Technologies”
®basee

Annual U.S. CO2 Utilization vs. Emissions

We do not grasp the scale of the problem
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EPRI CO2 Utilization
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CO2 Power Plant/Capture Options
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Carbon Capture Processes

CH4 + 2O2 CO2+ 2H2O
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Fossil Fuel Power Plant – CC&S

CO2 Compressor Power
− Advanced pulverize coal 

– 8-12%
− 600MW 70MW 93,000 hp

− IGCC - 5%
− 600MW 30MW 40,000 hp

− NGCC – 8%
− 400MW 32MW 43,000 hp

Compression Costs are 36% of Total Cost/Mt of CO2

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

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCM3ph6-_hskCFQZtPgodfNAFLw&url=http://www.toshiba.co.jp/thermal-hydro/en/thermal/products/ccs/ccs.htm&psig=AFQjCNF6TTdcYplq7AzWcANZaXQk8A-qHw&ust=1447266385730213
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This is what 6000 hp Compressor Really Looks Like

MAN Turbo

Pr 200:1
1.70 Pr per stage

10-stage
6000 hp

$8.0 million
$1350/hp 
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Costs of CO2 Avoided
Source: Global CCS Institute Victor Der July 2013

EOR Economic Payback
(1) Mt CO2 Produces (3) Barrels of Oil
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McKinsey Global GHG Cost Curve V2.1

Where is Coal-to-Gas Shift?
There is no Gas CCS new build??

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCOzt3d-E-sgCFQR0Pgod6QgDgQ&url=http://www.theenergycollective.com/noahdeich/2208701/carbon-service-businesses&bvm=bv.106923889,d.dmo&psig=AFQjCNEIpmEv1dyOvKhJjKU1htrT1BKlXg&ust=1446838734564180
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CO2 Pricing

Carbon pricing is spreading
− Prices are far too low to price emissions efficiently
− The vast majority of priced emissions – about 90% of 

the total – are priced below $14/tCO2

− 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.

Source: On Climate Change Policy

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCMjKhoHGhskCFYd7PgodJUAHog&url=http://oilprice.com/Energy/Energy-General/Exxon-Responds-to-Carbon-Asset-Risk-Concerns.html&psig=AFQjCNHTQPAmfzG0thYqHDKySYf8GphmEg&ust=1447268620918174
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCMjKhoHGhskCFYd7PgodJUAHog&url=http://oilprice.com/Energy/Energy-General/Exxon-Responds-to-Carbon-Asset-Risk-Concerns.html&psig=AFQjCNHTQPAmfzG0thYqHDKySYf8GphmEg&ust=1447268620918174
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NETL U.S. Carbon Storage Atlas V

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

Sources >25,000 tonnes

Electricity Production 69%
2005 = 2416 Mt
2012 = 0.69 x 3,071 = 2,119 Mt

U.S. Totals
2011 = 5601 (37.6%)
2015 = 5680 (37.3%)
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Enhanced Oil Recovery

Water

Miscible 
Zone

Oil Bank

CO2 Source Oil to Market

Production Well

EOR Economic Payback
(1) Mt CO2 Produces (3) Barrels of Oil

http://www.google.com/url?sa=i&source=imgres&cd=&cad=rja&uact=8&ved=0CAkQjRwwAGoVChMIgI6e5vjnyAIVCDM-Ch0rVwUq&url=http://energy.gov/fe/science-innovation/oil-gas-research/enhanced-oil-recovery&psig=AFQjCNFkTiKSVRSavku1hP4sDDXp-6iMBw&ust=1446217135460435
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Enhanced Oil Recovery

−Enhance Oil Recovery (EOR)
– Near term application
– Recover up to 15% more oil from existing 

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

−Enhanced Coal Bed Methane
– R&D efforts focused on similar use

and effects
−Oil Shale & Tar Sands

– 1 trillion bbl oil equivalent
– In-situ methods under investigation
– Potential CO2 use

– Stimulate production
– Moderate in-situ combustion

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCMy6lur558gCFcNaPgod3XgPvA&url=https://fbicovertop.wordpress.com/2013/05/15/brian-rose-investigations-looks-at-enhanced-oil-recovery/&psig=AFQjCNFQj0djdfusIF5K2M23veXp9s1kFQ&ust=1446217189398263
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCOLonKn658gCFUiPPgodIKkMig&url=http://www.aogr.com/magazine/editors-choice/industrial-co2-supply-crucial-for-eor&psig=AFQjCNG-hv5gX2FpyAIW43vmOL6QszjaEw&ust=1446217496540781
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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  ½ Carbon Tax funds for Regional Transit 

expansion denied
− A 2nd Carbon Tax is being discussed to fund the Region’s 

Transit expansion

“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

28,000,000

33,000,000
∆-15%

15,000 miles
20 mpg
750 gal
$200 @ $26.5/gal

19.64 lb-CO2/gal
750 gal
14,730 lb-CO2
6.68 tonnes
$200 @ $30/tonne

http://criticalangleblog.files.wordpress.com/2013/08/border-c.png
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Well-to-Wheels Comparison Electric vs. Gasoline

CCS for electric 
power does not 

appear to be included

25%
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Hydrogen from Water

Solar PV + electrolyzer = Hydrogen

2H2O(l) = 2H2(g) + O2(g)
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Corn Ethanol Energy Balance
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Air Capture
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Other Issues & Countries to Watch

˗ LNG Supply Demand Balancing
˗ North American Shale
˗ Panama Canal
˗ Mexico
˗ East Mediterranean Resource
˗ Qatar
˗ China-Pakistan Economic Corridor
˗ Canadian Resources
˗ Arctic
˗ Turkmenistan–Afghanistan–Pakistan–

India Pipeline (TAPI)

˗ Argentina
˗ Methane Hydrates
˗ Russia to be dominant fuel supplier to 

Asia
˗ International Maritime Organization 

(IMO) 3.5% to 0.5% marine fuel 
sulphur content in 2020

˗ Russian Plans to dominate fuel supply 
to Asia
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Appendix 2
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BP Conversion Factors
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