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Ratings

G35008 LE RATINGS
1400 rpm

bkW bhp

63520B LE

63516B LE

63512B LE

63508B LE

1286 1725

1029 1380

772 1035

515 690

As can be seen above, if an operator needed a 1200 horsepower compressor based on their

projected volume, pressure ratios, and gascomposition, they could choose either a 1,035 horsepower

G3512B LE or a 1,380 Horsepower G3516B LE. If the operator choses the 1,035 horsepower engine, they

would be short nearly 20% production. If they chose the 1,380 horsepower engine, they would have

nearly 20% excess horsepower available .

Barriers to Optimization

In many situations, an operator may choose to operate a compressor at a lessthan optimal

efficiency because it is the most economical or practical solution given the various barriers to

optimization. The first barrier is cost. It can cost a significant amount of money to uninstall a

compressor and reinstall a replacement. Besidesthe capital dollars to procure and install the new

equipment, there are also permitting and startup costs and lost production. The current regulatory

environment can have very long permitting times. Given the various costs, it is not uncommon for a

project to downsize a compressor to remain uneconomical until the inefficiency reaches 40-50%. Some

operators utilize rental compression, especially in projects where operating conditions are anticipated to

change. This can mitigate the capital cost to purchase a new asset and the need to dispose of the old

asset, but it does not mitigate the other factors such as installation cost, permitting and lost production.

Not practical to set an efficiency standard

It is not practical to set an efficiency standard to be measured in the field. As discussed above,

there are many factors that affect the operation of natural gas compressors and many compressors

must be operated outside of optimal conditions. Any standard of efficiency chosen would have to take

into account all of the variables and the specific operating conditions for that particular compressor and

therefore by necessity, the standard would have to change constantly.
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Item 5-10: DOE requests comment on how compressors are marketed, sold, shipped, and assembled,

and on the various distribution channels through which gas compressors passthrough from the

manufacturer to the final end-user.

Comment: Most reciprocating natural gas compressor packages sold in the US that are going to a US

destination are marketed and sold directly to the end user companies. Typically those are Producers,

Midstream, and Pipeline Transmission companies but also include contract compression providers.

Approximately 10 to 15% of equipment sold is sold through an Engineering firm who has been hired by

the end user to provide necessary engineering, procurement and definition of the required compressor

equipment scope of supply. There are very little if any agents or other third parties involved in US

transactions. Most larger compressor packages shipped in the US are shipped 60 to 80% assembled

with final assembly and installation at the customer's jobsite location. Depending on the physical size of

the equipment and the transportation logistics, (IE. weight restrictions, size restrictions, State

limitations, weather, etc.) more/less disassembly at the point of manufacture and then reassembly at

the jobsite may be required.

Natural gas compressors are designed and manufactured in a variety of power, pressure and

flow ratings by a number of specialty manufacturers including Ariel, Dresser Rand, GE and others.

Typical power ratings for natural gas compressors are 50 horsepower to 8000 horsepower. The

compressor manufacturer generally sells and ships the bare compressor to a "compressor packager".

The compressor packager is responsible for the integration of the bare compressor into a completely

engineered compressor package fit for delivery and installation at the end-user's field operation

location.

Upon a request for quotation from a customer, the compressor packager's engineering team

selects the appropriate size bare compressor, an appropriate prime mover such as electric motor or

natural gas engine, an engineered cooling system, a control and instrumentation system, piping and

pressure vessels, and structural steel skid necessary to support the compressor package during

transportation, installation and operations.

Item 5-11: DOE seeks comment on the different agents involved in the sale and installation of a typical

gas compressor for each distribution channel.

Comment: Generally, the compressor packager markets the complete compressor package to end users,

lease compression fleet operators, and other third parties such as engineering firms for integration into

field operation facilities.

Item 6-3: DOE seeks input on gas leakage by equipment type, and on data that may help characterize

the amount of leakage by specific source.
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Comment: There are several EPA regulatory vehicles that already address gas leakage by

equipment type, including large and small compressors. Most are contained in EPA's NSPS,

NESHAP, and GHG regulations.

Regulations addressing natural gas compressors are contained in the LDAR program

(Leak Detection and Repair Program), regulations such as 40 CFR 60, Subpart 0000, and the

recently updated GHG program (Green House Gas Program) 40 CFR 98, Subpart W.

These regulations address and establish control limits for emissions (leakage) and

maintenance requirements from petroleum equipment that includes almost every aspect of

petroleum drilling, extraction, processing, and transportation. This includes detailed methods

on measuring/testing and quantifying leaking compressors and associated equipment.

Documentation, tracking, and records retention requirements are also included in each of the

regulations.

All these regulations address compressor operation and throughout the oil and gas

industry segments. They are in place and updated regularly.

Any additional regulations concerning compressor operations and/or emissions and

leakage would likely be a redundant burden on compressor operators and while providing little,

if any, additional benefit to the efficiency of the compressor. Additional regulation by the DOE

could create conflicts in operational requirements for the compressor operators.

A brief outline of each of the regulations noted above where compressors are referenced is

included in the following:
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I. leak Detection and Repair programs (LDAR) program requirements addressing Natural Gas leakage by

equipment type (Including Compressors) is addressed in multiple natural gas production and transportation

regulations promulgated by the EPA (see Appendix A below) such as VV, KKK, etc.

Appendix A Federal Regulations That Require a Formal LDAR
Program With Method 21

40CFR
Part Subpart

Rf2U1ationnUe

60 W SOCMI vee Equipmcn : LC2k:lNSPS

60 DDD Voldil" Orll<lll ic CUlIl l"lU lIU(VOC) EHl i >~iulI~ r'UlI ' II,,, Pull" '''' MOIIUr.l.luri lll!
Inll " ,I ry

/ill r,r,~ p,.lmlpum Rpf,....ryvnr. F" IIi /l'11pnl I p"ko;N~P~

60 ~ KK Onshore Natural Gas Processing Plant voe Equipmen: Le. ks NSPS

6 1 J
National Eni:;~ion Stcr dan:! fo ' Equipmcnt Lc,k~ [Fugiti", Enb~on Sourcc:;l 01
Berzene

61 V EqLipment Leaks NESHAP

n.~ H Ore.n i,. HAP F~ll iJ1lTlpn' I p" k NF!=HAP (HON:,

n.~ I Ore.ni,. HAP F~lliJ1lTlpn' I p"k NF~HAP I... r.Prt" in Prlll"~po;

63 J Polyvinyl Chloride and ·: op. lymers Pro~ uction NESHAP

63 R Ca:lOlin·: Distribut ien F.c j l itj~ (Bulk Gc:;olinc Tcrminob end " ipel inc Breakout
Sta~ionsl

63 CC Hazardous Air Poll utants from Petroletrn Refineries

n.~ an H;o,,,rllllllo;Air Pnlhrl>lnto; fmm Off.:; ilp W>Rlp anti RPl"I>Vpry O""r,;,li ono;

b3 SS
Cln<pll 'Jpnl ~y<tpmo;, r.nnl ·nl DPvirro;. Rprn llPr)' I)pvirPo; "n tl Rnll iinl! In" FIIPI
Gas S)'!tem or a Process

63 IT EqLipment Leaks - Control Level 1
63 UU EqLipment Leaks - Contro l Level ~

63 yy Hazardous Air Poll utants for Source Cale2orie5: Generic Maximum Achil!'oable
Control Tec1no!ogy Sta1dards

63 GGG Pharma: eutica's Prodll:l ion

63 III Hazardous Air Pollutants f rom Flexible Polyurethane Foam Producl ior

63 MMM Hazardous Air Poll utants for Pest icide Act ive Ingredient Producticn

63 FFFF Hazardous Air Poll utants: Miscellaneous O"J!anic Chen ical Manufacturimt

63 GGGGG Hazardous Air Poll utants: Site Remediatior

n.~ HHHH-l H"'>lrtlnll '<Air Pnll lll "nto;· Mi..... U>lnPnllo; ('ml l ine M>lnuf;U-!lIrine

6 5 F Consolidated Feder.rl Air RJle - Equipment Leaks

2 6 / 38 EqLipment LeaKs for I-/;ourdous Waste TSDFs

265 3B EqLipmcnt Lcak:l for Intcrim Stilt~ Hoz<1~ou~ WIl:;lc TSDF~

Note: Manyof theseregulations h3ve identical requirements, but some havedifferent applicabil ity
and control requiremerts .
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II. Similar to LDAR programs above, EPA 40 CFR 60, Subpart 0000 addresses Natural Gas Production,

Transmission, and Distribution. It establishes emission standards and compliance schedules for the control of

volatile organic compounds (VOe) and sulfur dioxide (50 2) emissions from affected facilities.

§60.5365 Am I subject to this subpart?

The following facilities are subject to the provisions Subpart 0000:

(a) Eachgaswell affected facility, which is a single natural gas well.

(b) Each centrifugal compressor affected facility, which is a single centrifugal compressor using wet
sealsthat is located between the wellhead and the point of custody transfer to the natural gas
transmission and storage segment.

(c) Each reciprocating compressor affected facility, which is a single reciprocating compressor
located between the wellhead and the point of custody transfer to the natural gastransmission and
storage segment.

Note: Additional non-compressor sources are noted in the regulation.

§60.5385 What standards apply to reciprocating compressor affected facilities?

You must comply with the standards in paragraphs (a) through (d) of this section for each
reciprocating compressor affected facility.

(a) You must replace the reciprocating compressor rod packing according to either paragraph
(a)(1) or (2) of this section.

(1) Before the compressor has operated for 26,000 hours. The number of hours of operation
must be continuously monitored beginning upon initial startup of your reciprocating compressor
affected facility, or October 15, 2012, or the date of the most recent reciprocating compressor
rod packing replacement, whichever is later.

(2) Prior to 36 months from the date of the most recent rod packing replacement, or 36 months
from the date of startup for a new reciprocating compressor for which the rod packing has not
yet been replaced.

(b) You must demonstrate initial compliance with standards that apply to reciprocating
compressor affected facilities as required by §60.541 O.

(c) You must demonstrate continuous compliance with standards that apply to reciprocating
compressor affected facilities as required by §60.5415.

(d) You must perform the required notification, recordkeeping, and reporting as required by
§60.5420.
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III. 40 CFR 98, MANDATORY GREENHOUSE GAS REPORTING

NOTEthat this references below does not address the whole GHGpart (40 dr. 98, subpart WI. only the

parts that reference compressors.

• Purpose and Scope -- This part establishes mandatory greenhouse gas (GHG) reporting requirements

for owners and operators of certain facilities that directly emit GHG.

• Who Must Report -- The GHG reporting requirements and related monitoring, recordkeeping, and

reporting requirements of this part apply to the owners and operators of any facility that is located in

the United States or under or attached to the Outer Continental Shelf

40 CFR 98.230. Subpart W-Petroleum and Natural Gas Systems

This source category consists of the following industry segments:

(2) Onshore petroleum and natural gas production. Onshore petroleum and natural gas production
means all equipment on a single well-pad or associated with a single well-pad (including but not
limited to compressors, generators, dehydrators, storage vessels, and portable non-self-propelled
equipment which includes well drilling and completion equipment, workover equipment, gravity
separation equipment, auxiliary non-transportation-related equipment, and leased, rented or
contracted equipment) used in the production, extraction, recovery, lifting, stabilization, separation
or treating of petroleum and/or natural gas (including condensate). This equipment also includes
associated storage or measurement vesselsand all enhanced oil recovery (EOR) operations using
CO,or natural gas injection, and all petroleum and natural gas production equipment located on
islands, artificial islands, or structures connected by a causeway to land, an island, or an artificial
island.

(3) Onshore natural gas processing. Natural gas processing means the separation of natural gas
liquids (NGLs) or non-methane gasesfrom produced natural gas, or the separation of NGLs into one
or more component mixtures. Separation includes one or more of the following: forced extraction of
natural gas liquids, sulfur and carbon dioxide removal, fractionation of NGLs, or the capture of
CO, separated from natural gas streams. This segment also includes all residue gas compression
equipment owned or operated by the natural gas processing plant. This industry segment includes
processing plants that fractionate gas liquids, and processing plants that do not fractionate gas liquids
but have an annual average throughput of 25 MMscf per day or greater.

(4) Onshore natural gas transmission compression. Onshore natural gas transmission compression
means any stationary combination of compressors that move natural gas from production fields,
natural gas processing plants, or other transmission compressors through transmission pipelines to
natural gas distribution pipelines. LNG storage facilities, or into underground storage. In addition, a
transmission compressor station includes equipment for liquids separation, and tanks for the storage
of water and hydrocarbon liquids. Residue (sales)gas compression that is part of onshore natural gas
processing plants are included in the onshore natural gas processing segment and are excluded from
this segment.
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40 CFR 98.232 GHGs to report.

You must report CO" CH.. and N,O emissions from each industry segment specified in paragraph (b)
through (i) of this section

(e) For efkl:leFe l3etrolel:lFR aRe Ratl:lral gas I3rOel:lctioR

(c) For an onshore petroleum and natural gas production facility, report CO" CH4, and N,O emissions from
only the following source types on a single well-pad or associated with a single well-pad:

(11) Reciprocating compressor rod packing venting.

(21) Equipment leaks from valves, connectors, open ended lines, pressure relief valves, pumps,
flanges, and other equipment leak sources (such as instruments, loading arms, stuffing boxes,
compressor seals, dump lever arms, and breather caps).

(22) You must use the methods in §98.233(z) and report under this subpart the emissions of CO" CH4,

and N,O from stationary or portable fuel combustion equipment that cannot move on roadways
under its own power and drive train, and that is located at an onshore petroleum and natural
gas production facility as defined in §98.238. Stationary or portable equipment are the following
equipment, which are integral to the extraction, processing, or movement of oil or natural gas:
well drilling and completion equipment, workover equipment, natural gas dehydrators, natural
gas compressors, electrical generators, steam boilers, and process heaters.

(d) For onshore natural gas processing, report CO" CH4, and N,O emissions from the following sources:

(1) Reciprocating compressor rod packing venting.

(e) For onshore natural gas transmission compression, report CO" CH4, and N,O emissions from the
following sources:

(1) Reciprocating compressor rod packing venting.

(f) For underground natural gas storage, report CO" CH4, and N,O emissions from the following sources:

(1) Reciprocating compressor rod packing venting.

(g) For LNG storage, report CO" CH4, and N,O emissions from the following sources:

(1) Reciprocating compressor rod packing venting.

(h) LNG import and export equipment. report CO" CH4, and N,O emissions from the following sources:

(1) Reciprocating compressor rod packing venting.
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§98.233 Calculating GHG emissions.

(pI Reciprocating compressor venting. Calculate CH.and CO,emissions from all reciprocating compressor
vents as follows. . For each reciprocating compressor covered in §98.232(d)(1), (e)(l), (f)(l), (g)(l), and
(h)(l) you must conduct an annual measurement for each compressor in the mode in which it is found
during the annual measurement, except asspecified in paragraph (p)(9) of this section. Measure
emissions from (including emissions manifolded to common vents) reciprocating rod packing vents, unit
isolation valve vents, and blowdown valve vents . Record emissions from the following vent types in the
specified compressor modes during the annual measurement as follows:

(1) Operating or standby pressurized mode, blowdown vent leakage through the blowdown vent stack.

(2) Operating mode, reciprocating rod packing emissions.

(3) Not operating, depressurized mode, unit isolation valve leakage through the blowdown vent stack,
without blind flanges.

698,234 Monitoring and DAtDC requirements.

The GHG emissions data for petroleum and natural gas emissions sources must be quality
assured as applicable as specified in this section. Offshore petroleum and natural aas
prodyction facilities shall adhere to the monitoring and QAlQC requirements as set forth in 30
CFR 250.

698.236 Data reporting requirements,

(a) Report annual emissions in metric tons of CO,e for each GHG separately for each of the
industry segments listed in paragraphs (a)(1) through (8) of this section.

(1) Onshore petroleum and natural gas production.

(2) Offshore petroleum and natural gas production.

(3) Onshore natural gas processing.

(4) Onshore natural gas transmission compression.

(5) Underground natural gas storage.

(6) LNG storage.

(7) LNG import and export.

(8) Natural gas distribution.

Item 6-4: DOE seeks input on technologies available to reduce gas leakage, including the cost

effectiveness and applicability of each.
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Comment:

The EPA has promulgated rules for rod packing replacement under 40 CFR 60 Subpart 0000. This

rule addresses leakage in several areas:

Requires that rod packings in reciprocating compressors be replaced every 26,000 hours. The

rod packing seal has potential to be one of the largest leak points for reciprocating compressors

Requires 95% reduction in emissions (I.e. leakage) in wet gas seals of centrifugal compressors.

Requires the use of low bleed pneumatic controllers which are often an ancillary item on a gas

compressor package.

The current price of natural gas is under $4/MMBtu. With lower gas prices, the monetary savingsto

operators for reducing gas leakage is minimal. Also, in many instances, the beneficiary of the gas savings

is not the same entity that bears the cost to reduce the leakage. Examples include:

Many contractual arrangements allocate fuel and/or lost and unaccounted for gas back to the

owner of the gas,whereas equipment maintenance is usually on the operator of the equipment,

not necessarily the same entity.

In rental compression, maintenance costs are usually born by the compressor rental company,

while the cost of lost gas is born by the producer or customer.

Additionally, in spite of the lack of cost effectiveness to reduce leakage, the vast majority of leaks

are repaired for safety reasons. Leaking natural gas can create a very hazardous situation, especially if

the compressor package is located inside of a building or enclosure. In additions, some natural gas in

the upstream and gathering segments may contain substances that are harmful for humans to breathe .

See Item 6-3 for additional Subpart Wand LDAR programs comments.

Item 6-5: DOE requests specific comment on compressor blowdown, including estimated leak volume,

technologies able to reduce blowdown frequency and capture the gas blown down.

Comment: Compressor blowdown is an event that frequently occurs at the shutdown or subsequent

restart of a compressor. Blowdown is required when any part of the compressor process system is

repaired, for personnel safety reasons. Additionally blowdowns occur to facilitate easier starting of the

compressor and decrease the likelihood of start failure. The latter could be reduced by utilization of a

"startup bypass" line if it is installed on the compressor package or on the piping in the field . Regarding

the amount of gas blown down, the GCA is developing a model which will give an accurate prediction

based on package horsepower to comply with EPA rules already in place.

Compressor valve replacement is perhaps the most frequent repair requiring compressor

blowdown. High reliability compressor valves which translate to reduced blowdown events are not

generally the high efficiency variety. Valve reliability and valve efficiency are generally inversely related

variables and operators must take both into account when choosing the most desirable valve to be used

in a specific application.
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Recapture of blowdown gas is rarely done in the upstream and midstream segments due to the

unsustainable nature of the added equipment that would be required to do so. If blowdown to

atmosphere must be prevented, an alternate method should be considered.

Item 6-8: DOE seeks recommendations or sources of data or analysis on the fraction of time, in hours,

per year that has compressors spend at off-design (efficiencies other than the specified design point)

operation under normal operating conditions.

Comment: Becauseof the factors discussed under Item 5-7 (changing conditions, design range versus a

design point, etc...), it will be very difficult to obtain meaningful data from a representative sample in

response to this request.

Item 6-12: DOE is interested in what opportunities, if any, for improving gas compressor energy

efficiency are possible.

Comment: See Item 3-1

Item 6-13: DOE requests comment about any compressor features that represent usefulness to the user,

such as pressure, flow, fuel type, physical size, portability, serviceability, emissions, and acoustic noise,

and on applications in which particular forms of utility may be especially important. Additionally, how

would an effort to increase energy efficiency of a compressor affect these features?

Comment: See Item 5-4

Item 6-14: DOE seeks comment about whether installation costs for gas compressors changes with

higher efficiency of equipment. If so, DOE seeks comment about the reasons for, and the amount of

such an increase.

Comment: Installation costs will be dependent upon the type of changes required to increase efficiency.

If the changes are internal to the compressor cylinders themselves, the installation cost changes may be

negligible. However, the engineering and retooling costs will likely cause a substantial increase to the

initial purchase price of the product. If external to the cylinders, such as oversized valves, piping, and/or

appurtenances, the installation costs will likely increase.

Item 6-15: DOE seeks comment about whether maintenance costs for gas compressors changes with

higher efficiency equipment. If so, DOE seeks comment about the reasons for, and the amount of such a

change.

Comment: Reference comment on Item 6-5 regarding compressor valve reliability vs compressor valve

efficiency. As higher efficiency components are used, it is not uncommon to see an increase in failure

rates and therefore maintenance costs.

Item 6-16: DOE seeks comment about whether repair costs for gas compressors changes with higher

efficiency equipment. If so DOE seeks comment about the reason for, and the amount of such a change.
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Comment: Higher efficiency components are oftentimes more complex and rebuild/repair costs of

those components are increased. Higher efficiency valves are ones that allow flow through a less

obstructed path, and as such, complex angles and reliefs are machined into the valve seat and guard.

This requires more sophisticated machinery and increased labor hours for both initial manufacturing and

subsequent repair.

Item 7-1: DOE is interested in how these efficiency improvements would impact equipment

performance, features, utility or safety.

Comment: It is premature to comment as to how efficiency improvements would impact equipment

performance, features, utility or safety because the range of possibilities is so broad. The GCA will

evaluate specific proposed regulations and comment as appropriate.

Summary

The GCAis interested in working with the DOE to ensure that any regulations considered by the

DOE are practical, not cost prohibitive, and technically sound. It is in the best interest of both the DOE

and the industry to work together to achieve reasonable results that have a favorable cost/benefit ratio.

The GCA will be able to provide more detailed comments as the DOE's process becomes more focused

and refined. The comments provided herein are very limited due to short time frame and the breadth

of the requested comments.

Sincerely,

/Vi ~'--------
Mark Davis
GCA HSE Committee Chairman
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