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> What does “Modernization” mean?

> Why Modernize?

> What are the options?

> What is important to consider when looking at “modernization”?

> Pros and Cons of Options

Agenda



3 © 2016 The Williams Companies, Inc. All rights reserved.Presentation name (edit footer in slide master pages)  |  1/1/16

> In general, it’s the retirement of “legacy” slow speed integral recips and replace them 
with new equipment.

– Ancillary equipment are all at end of life
• Intakes, exhaust, coolers, valves, tanks, buildings / windows, conduit, wires, control systems, etc…

> Legacy slow speed recips make up 29% (by horsepower) of our interstate gas 
transmission systems.

> The average age of those 316 machines is 64 years old (1959)

> The equipment is not getting any younger

Modernization – what is it?
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Building of recips to centrifugal equipment
Gas turbine
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Old vs new
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Transco Plan
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NWP Plan
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> Reduce O&M expense
– Lube oil / coolant
– Maintenance
– Other

> Experience / knowledge is retiring – or has retired

> Increase Capex
– Exchange turbine using capex vs overhaul / maintain recips using expense

> Investor relations / Optics

> Can reduce NOx emissions
– Also helps with investor / public relations

Why Modernize?
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1. Replace legacy recips with large turbine driven centrifugal compressor package(s)

2. Replace legacy recips with large EMD driven centrifugal compressor package(s)

3. Hybrid approach
– Replace older (and smaller) “A” building of legacy recips with an option above but keep and 

upgrade the newer – larger legacy recips in  “B” building.

4. Update / modernize legacy recips with new technology

Modernization Options
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> Tons NOx reduced

> Tons CO2e reduced (combustion, methane slip, and vented)

> Utilization Criticality (# days running more than 90% of available power

> Station reliability and health (ranked by Tech managers and Ops directors)

> Station reliability and health (ranked by pipeline control)

> Projected Utilization

> Growth Opportunities

How do we decide what facilities to prioritize?
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Facility ranking tool
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> What will our customers pay for
– Total Capex, and available funding
– Rate case timing

> Operability (turndown, Operational flexibility)

> Annual O&M cost

> Annual Fuel / electricity cost

> Availability of electricity to site

> Maintenance (aftermarket support, Ops experience with unit, inventory)

> Schedule risk 

Once facilities are chosen, how do we decide compression?
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Technical Alternative Heat Map example
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> 2023 Environmental goal
– Methane Emissions Reduction of 5% from a 3-year average baseline

> 2030 Climate Commitment Goal of a 56% absolute emissions reduction of total CO2e (Scope 1 
+ Scope 2) from our 2005 level.

– Scope 1 = direct emissions from operations at Williams facilities (i.e., blowdowns, fugitive emissions, 
venting)

– Scope 2 = indirect emissions from purchased electricity used at Williams facilities

> 2050 Net Zero CO2e

Williams Goals
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Emission Targets
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Compression as the main source of CO2e – What goes into that number?

Unit compression efficiency = Driver efficiency x Driven efficiency

Compression Efficiency

> Driver efficiency: How efficient is the machine as converting energy (electric or fuel) to 
shaft power?

– Includes recip engines, turbines, electric motors, etc…
– Driver “Heat Rate” in BTU/hp-hr is the metric that shows combustion efficiency

> Driven efficiency:  how efficient is the compressor at developing work
– Includes recip compressors, pulsation bottles, etc…
– Includes centrifugal compressors, gearboxes, transmissions, 
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Driver: Turbine fuel efficiency vs load (New Titan 130)

> At 100% load and 60degF, 
fuel efficiency is ~6,800 
Btu/Bhp-Hr

> At 83% load and 60degF, 
fuel efficiency is ~7,120 
Btu/Bhp-hr (4.7% decrease 
in efficiency)

> Large derates in fuel 
efficiency and power from 
ambient when more than 60 
deg F outside



18 © 2016 The Williams Companies, Inc. All rights reserved.Presentation name (edit footer in slide master pages)  |  1/1/16

Driver: Recip fuel efficiency vs load

> When recips are slowed down and off load they maintain 100% torque and thus the fuel 
efficiency decrease is not nearly as drastic.  Note; the recip compressor efficiency 
increases due to lower valve losses from slower gas velocities at the lower rpm.  

> At 100% load, fuel 
efficiency is 
~6,350 Btu/Bhp-Hr

> At 80% load fuel 
efficiency is 
~6,400 Btu/Bhp-hr
(only a 0.8% 
decrease)

> No ambient 
temperature de-
rate
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Summary of driver examples – recip vs turbine fuel efficiency

> Using a Solar Titan 130 in new condition
– At 100% load, the recip is ~7% more fuel efficient.  

• 6,800 vs 6,350 heat rate

– At 83% load, the recip is ~11.6% more fuel efficient.
• 7,120 vs 6,380 heat rate

> These fuel efficiencies go directly to CO2 emissions
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Station 90 fuel efficiency example

> Note the fuel rates for the 
~newer recips installed in 
the late 60’s vs early 
1950’s

> Turbines installed in 2000, 
2010, and 2003, all have 
worse fuel performance 
than the recips.

15% Improvement

41% Decrease
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Station 140 fuel efficiency example

> Unit 14 at 140 is very 
efficient with a fuel 
rate of 6.46 CF/hp-hr

> That’s 33% better that 
the turbine next to it.

21
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Driven: Compressor Efficiency – recip vs centrifugal
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Driven Compressor Efficiency example using HP/MM

> Here are the numbers 
normalized.  Unit #18 is 7% 
less efficient that the “new” 
#15 recip.  7% is big.

23

Unit Flow ‐MM BHP BHP/MM
1 183 2056 11.2
3 186 2112 11.4
4 182 2075 11.4
5 182 2106 11.6
6 186 2138 11.5
7 182 2104 11.6
8 186 2008 10.8
9 186 2015 10.8

11 254 2853 11.2
12 265 3055 11.5
13 291 3217 11.1
14 295 3287 11.1
15 508 5341 10.5

16 228 3414 15.0
18 1167 13136 11.3
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610-01 and 02

> Some of our newest 
machines operating on 
the outskirts and off 
efficiency.

24
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The Future:
Move from driver (fuel) and driven (compressor) 

efficiency to “Compression Efficiency” that combines 
driver and driven to choose what is best…



26 © 2016 The Williams Companies, Inc. All rights reserved.Presentation name (edit footer in slide master pages)  |  1/1/16

Compression Efficiency: Sumas Unit Efficiency differences

~53% more eff

~92% more eff



27 © 2016 The Williams Companies, Inc. All rights reserved.Presentation name (edit footer in slide master pages)  |  1/1/16

NWP Sumas #8
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NWP Baker

~30% more eff
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Electric emissions (Scope 2) intensity
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Grid emissions
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Summary – What is the best choice for modernization?

> It depends…

> Recip compression wins out in just about every category but has downsides
– Higher Nox emissions
– Higher maintenance expense $ (can’t “exchange” unit every 30,000hrs using capital $)
– Etc…

> If we just focused on efficiency and GHG emissions, especially when factoring in efficiency off-load, recip 
compression is the right choice but there are many other variables.

> My recommendation – Hybrid approach. Replace the small, older, less efficient blocks of recip compression 
with a centrifugal unit and update the larger / newer – more efficient recips at the facilities to get the best of 
both worlds.  Baseline operation with the more efficient recips.
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Questions?Questions?


