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Presenter
Presentation Notes
Good Morning.  My name is Katrina Krulla and I work at NETL in Pittsburgh.  My talk today is going to be slightly different from the other talks we have heard so far.  We spent yesterday getting a highlight of some really advanced technologies that are being researched.  My talk is going to focus on a very high level assessment of the economic end of things from a country wide perspective.  I would also like to point out the other contributors who worked on this project, Bill Babiuch, Jeff Withum, Paul Myles and Peter Kabatec
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NETL – Program Planning and Analysis 

Conduct analyses for multiple programs at NETL 
to assess: 
 

• Market potential 
 
• Cost and performance 

 
• Barriers to entry 

 
• Benefits to Society 

Presenter
Presentation Notes
Within NETL, I work for the Office of Program Planning and Analysis.  Our group works with multiple NETL programs and technologies from Fuel Cells to carbon capture, sensors and controls.  I like to describe our group with the rhetorical question, If a tree falls in the woods and no one is around, does it make a sound?  Our group is concerned with producing analyses to make sure that we don’t even have to ponder this question.  We want to make sure our technologies are targeting the right markets, at the proper cost and performance level, that we understand barriers to entry, and that we market the potential benefits to society of adoption of advanced technologies.  Anything from lower cost of electricity to improved environmental impact, to productivity, jobs, improvements in GDP, etc.  Our assesments of NETL programs is often an interative process.  We may do a cost and performance analysis and find that the program needs to push harder to be able to penetrate the market or perhaps they need to refocus and think about a different niche market.  Or perhaps they should be focusing on overcoming barriers to entry instead of improving cost and performance.One of the technology portfolios that I was tasked with assessing last year was Sensors and controls.  The first thing we thought about in terms of benefits for this program was improved efficiency.  And I dug out an analysis I had completed a few years ago that I still feel is very relevant to the program today.
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Top 10% of Coal Fired Generating Fleet is 
Over 5pp More Efficient than the Average 

2008 Top 10% 2008 Rest of Fleet 
Average Range Average Range 

Generation Weighted 
Efficiency 37.6% 36.3% - 43.7% 32.0% 19.5% - 36.2% 

Capacity (MW) 580 114 - 1426 329 27 - 1300 
% of units that are 

Super Critical 55%  - 10%  - 

Steam Pressure (psig) 2935 1800 - 3500 2088 600 - 5000  
Age (yrs) 40 1 - 54 42 1 - 69 

Load Factor*  83%  67% - 99%  75%  24% - 105%  
% of units burning 
Bituminous Coal 66%  - 56%  - 

% of units with SO2 
Controls 36%  - 35%  - 

Significant overlap in characteristics of the top 10% called into questions 
the General “rules of thumb” regarding efficiency 

Source:  Improving the Efficiency of Coal-Fired Power Plants for Near Term Greenhouse Gas Emissions Reductions 
http://www.netl.doe.gov/energy-analyses/pubs/ImpCFPPGHGRdctns_0410.pdf 

Presenter
Presentation Notes
I want to give everyone time to really study this table.  We had previously conducted work in the area of existing coal fleet efficiency.  One of our efforts involved taking monthly data over the course of the year from the Ventyx database and examining what made one CFPP more efficient than the next.  We did everything from regression analysis to segmentation analysis to examining specific equipment and couldn’t find a specific pattern as to why one unit, over the course of a year was more/less efficient than another.  This table summarizes some of our observations.One of the things that stands out is that the average efficiency is 32% while the top 10% of the fleet is 37% efficient.  Of course people will say, this is because the top 10% is new, large, super critical plants operating at high steam pressure and load burning bituminous coal.  While this was on average more likely, it was not the case specifically.  There were smaller units with lower steam pressures and lower loads that were able to be in the top 10%.If you look at the unit size in the top 10% on average, they are large, 580MW, but the range is from 114 to over a GW.  This overlaps with the rest of the fleet.If you go through the rest of the table you will see similar overlap every factor.
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Source: Outage Data - NERC GADS Database 7/28/10 Accessed 4/18/11;  Avg. Wholesale Price Data – EIA 
http://www.eia.doe.gov/cneaf/electricity/wholesale/wholesale.html Wholesale Market Data, PJM West, NEPOOL, ERCOT Wtg. Avg; 

Availability 

Presenter
Presentation Notes
Given that our workshop participants overwhelming identified availability as an issue the first place that we decided to quantify was the opportunity for sensors and controls to improve the availability of the existing coal fleet.  We used the NERC GADS database to examine forced outages.  This graph shows the cost of unplanned forced outages and derates and the cause of such derate.  You can see that a small unit gets has a lower loss in revenue than a larger plant.  The 1GW plants experienced on average a loss of almost 40M from unplanned outages/derates.  By and large the primary culprit was the boiler.  Obviously advanced sensors and controls can’t fix all of these issues, but our first cut says that sensors and controls could likely reduce these numbers by 10%.For more information see Availability white paper by Paul Myles, attached in same email.

http://www.eia.doe.gov/cneaf/electricity/wholesale/wholesale.html
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Source: Outage Data - NERC GADS Database 7/28/10 Accessed 4/18/11;  Avg. Wholesale Price Data – EIA http://www.eia.doe.gov/cneaf/electricity/wholesale/wholesale.html 
Wholesale Market Data, PJM West, NEPOOL, ERCOT Wtg. Avg; Boiler Repair Costs – personal communication with WorleyParsons Group Inc. 

Availability 
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Presenter
Presentation Notes
This graphs shows the value to each unit size in terms of revenue and maintenance cost if 10% of the forced outages could be resolved.  You can see that for a large plant, just reducing 10% of their outages and derates could save them over 5 million per year.  For smaller plants the annual savings is around $1M and around 2-3M for intermediate plants.or more information see Availability white paper by Paul Myles, attached in same email.

http://www.eia.doe.gov/cneaf/electricity/wholesale/wholesale.html
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Cost and Performance of Previous Sensors 
and Controls Projects 

            Availability Improvements  

MWs  Capital Cost O&M Cost 
Reduction in 

Operator Cost 
Reduction 

in HR 
Nox 

Reduction 

Increased 
Operation 

Hours  

Net 
Generation 

Increase 

Contract 
Maint. 
Savings 

  (Thousand $) 
(Thousand

$/yr) 
(Thousand 
$/yr/unit) (Btu/KWh) (%) (Hr/Yr) (MWh) 

(Thousand 
$/Yr) 

0-99 $500 - $600 $50 - $60 $120 175 - 225  5 - 8 75 4,500 $450  
100-199 $500 - $600 $50 - $60 $120 175 - 225  5 - 8 79 10, 700 $470  
200-299 $600 - $700 $60 - $70 $120 125 - 175  5 - 8 77 17,500 $460  
300-399 $600 - $700 $60 - $70 $120 125 - 175  5 - 8 78 25,500 $465 
400-599 $800 - $900 $70 - $80 $120 75 - 125  5 - 8 100 52,000 $600  
600-799 $800 - $900 $70 - $80 $120 75 - 125  5 - 8 85 56,500 $510  
800-999 $900- $1,000 $80 - $90 $120 25 - 75  5 - 8 55 46,000 $325  
1000+ $900 - $1,000 $80 - $90 $120 25 - 75  5 - 8 100 125, 000 $600  

Source: Worley Parsons opinion after review of past projects involving sensors and controls.  Draft Paper by Peter Kabatec, Impact 
of Existing Sensors and Controls on Coal-Fired Power Plant Performance 
  

Presenter
Presentation Notes
In order to properly assess the cost, performance and benefits from advanced sensors and controls R&D, Worley Parsons examined previous sensors and controls projects to get an idea of the capital cost and potential improvements.  This table summarizes their observations from examining previous projects.  The column on the left shows the plant size grouping, the range of capital costs for the sensors and controls project.  It is worth noting that the cost are closely tied to the unit level.  There is some additional O&M cost associated with maintaining the sensors and controls.  However there is a potential to reduce labor, HR and Nox emissions.  The results from our look at availaiblity is also summarized in this table. For more information see working paper by Peter Kabatec.  Attached in same email.
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Business Case Tool - Net Present Value 
Analysis (NPV) 

• Previous table established input ranges to determine which plants would 
benefit economically from a Sensors and Controls refurbishment project. 
 

• Obtained Unit level data from the Energy Velocity database 
• Electric price 
• Fuel price 
• Current heat rate 
• Emissions 
• Capacity Factor 

 
• Built an NPV tool to model the business case decision of each unit 
 
• Assumed units would only refurbish if they could payback in 2 years 

 
 

Presenter
Presentation Notes
Once we had some ranges for inputs, we needed a way to determine which units would be candidates to refurbish with advanced sensors and controls.  We again obtained unit level data from the EV database.  This included everything from electric price to capacity factor.  We then built an NPV model.  The NPV tool allows you to examine the decision from the perspective of a business owner that is really only concerned with the economics.  Given the uncertainty around GHG emissions policy and things we were hearing from industry we established and aggressive benchmark of a 2 year payback period.  If the project could not pay for itself in 2 years than the plant would not refurbish.
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Net Present Value Analysis - Sensitivities 
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Source: Results based on unit by unit discounted cash flow model.  Unit level data taken from 2010 EV database.  Cost and 
performance based on NETL survey of previous sensors and controls projects. 

Presenter
Presentation Notes
The first thing we looked at is the sensitivity to each variable.  Availability, heat rate and capital costs have the biggest influence.
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Source: Results based on unit by unit discounted cash flow model.  Unit level data taken from 2010 Ventyx  database.  Cost and 
performance based on NETL survey of previous sensors and controls projects. 

Presenter
Presentation Notes
This graph uses our NPV tool but puts it into a different perspective.  If the refurbishment project were to cost $10 million (the purple line), the efficiency improvement would have to be substantial for some of the fleet to economically refurbish (assuming a 2 year payback).  In this case a 10M project would require over a 6% relative improvement for 50GW of the fleet to choose to refurbish.However if you look at an inexpensive project, say $1M, 250GW could economically refurbish with only a 2% relative improvement in efficiency,I should point out that this graph only takes into account efficiency improvements, none of the other advantages, such as avialability or reduced labor costs are realized.
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Source: Results based on unit by unit discounted cash flow model.  Unit level data taken from 2010 Ventyx database.  Cost and 
performance based on NETL survey of previous sensors and controls projects. 
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Presenter
Presentation Notes
Since improving availability was one of the most important variables in determining the economics of a sensors and controls refurbishment project, this graph assumes that the sensors and controls project adds 75hrs to the availability along with the efficiency improvement on the x axis.You can see how much more economically these projects become assuming a 2 year payback.  In this scenario, a 5M project would be economically feasible for 150GW of the fleet, roughly half, if it can increase availability 75hrs/yr and improve relative efficiency 2%.
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Conclusion 

• Advanced Sensors and Controls have the potential to be 
economically installed on 150GW to 300GW of the existing coal 
power generation fleet. 
 

• Availability is the key driver in determining the economics of 
refurbishment projects.  Reducing forced outages by 10% alone 
would make it economical for most of the coal fleet to refurbish 
at capital costs under $1 million. 

 
• Coal fired power plant CO2 emissions could be reduced around 

1% or 20 million metric tons per year from Advanced Sensors 
and Controls refurbishment.  Cost $2-$10/mt CO2 avoided. 
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Future Work 

 
• Add NG-fired mid and baseload units 

 
• Conduct similar analysis for advanced materials 
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Homework Question 

.99 

-0.3 

-0.7 

0.3 

What do we need to move Fossil Energy’s Innovation index form -0.7 to +0.7? 
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Backup 
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Individual Unit Best Year Efficiency 

• An individual unit had varied efficiency 
over the 10 year period in EV 

 
• Setting each unit to the highest 

achieved efficiency (1998-2008), yields 
overall fleet efficiency that is 2pp 
higher than 2008. 
 

• Best year efficiency did not occur in 
years with highest load factors and 
seemed unrelated to changes in coal 
type. 
 

• In most cases increase was not due to 
major refurbishment.  Increase may be 
due to better operation or maintenance 
cycle. 

 
Data Source:  Ventyx’s Energy Velocity 1998-2008 average net heat rate data for coal-fired units using 97% or more coal.  Heat rates 
were weighted by capacity and units with missing or anomalous data were omitted.   Omitted units accounted for 3% of generation 

Decile
2008 

Efficiency

1998 - 2008 
Best Year 
Efficiency

1 27.6% 29.9%

2 29.9% 31.7%

3 30.8% 32.5%

4 31.6% 33.3%

5 32.2% 34.1%

6 32.9% 35.0%

7 33.8% 35.8%

8 34.7% 36.9%

9 35.7% 37.7%

10 37.6% 39.7%

Average 32.5% 34.5%

Presenter
Presentation Notes
As part of our investigation into efficiency we examine a 10 year history of efficiencies in EV.  We broke the plants into deciles of 10% based on efficiency and then examine the year in which the best efficiency occurred.  One thing we noticed is that the best efficiency year was not necessarily related to changes in coal type of load factor during that year.  You can see that on average any grouping of 10% is roughly 2pp better than their 2008 efficiency.  This calls into question the rule of thumb that efficient plants cannot improve too much.  It also leads us question if some of this variation could be caused by operator variability and perhaps corrected by advanced sensors and controls.After we completed this analysis, we hosted a workshop in July 2010 where we showed power plant owners, operators and vendors our analysis and asked what the fleet could do to be as efficient as the top decile.  In addition to the obvious concerns about NSR, they cited the focus on availability as a major factor.  Sure you could save money on fuel and emissions by being more efficient, but availability is where the money is and efficiency will suffer to keep availability high.
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Summary of NEMS Run Results 2035 

  
Refurbish 
Capacity 

(GW) 

Coal 
Generation 

(BkWh) 

Average US 
COE (¢/kWh)  

Total Electric 
Sales (BkWh) 

US Total Electric 
Bill 

AEO2011 
Reference  0 2197 9.2 4474 412 

No NSR 255 2225 9.1 4491 410 

With NSR 133 2204 9.2 4477 411 

• Program benefits from reductions in cost of electricity (assuming 
plant optimization program continues to be funded at current levels) 
• IRR of 22% to 30% 
• ROI at 8% discount rate of 5:1 – 15:1. 
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Sensors and Controls Expansion to Other 
Plant Types 

Source:  Ventyx EV database, units over 25MW 

Fuel Type  # Units Capacity 
(GW) 

Percentage 
of Total 

Capacity 

2010 
Generation 

(BkWh) 

Percentage 
of 2010 

Generation 
Coal 863 318.3 29% 1917 44% 
NG - Mid and 
Baseload 789 269.1 24% 630 14% 

NG Peaking 1823 205.2 19% 283 7% 
Nuclear  103 110.5 10% 899 21% 
Hydro - Mid and 
Baseload 49 2.7 0.2% 

290 7% Hydro - Peaking 
Units 849 60.9 6% 

Wind  491 51.9 5% 97 2% 
Petroleum  385 37.6 3% 24 1% 
Renewables excl. 
Hydro and Wind  303 16.3 1% 80 2% 

Others  202 26.5 2% 129 3% 

Breakdown of Existing Generation Fleet 


