Airliner Economics Series \\\

N EW S LETTER

Engine Build Standards: Why Shop-Visits Are a Capital-Allocation
Decision
May 2026 | Shannon Ackert

A $3 million engine shop visit can be more expensive than a $7 million shop visit.

The decision doesn't actually depend on the invoice. What matters is the utility you expect the engine to
deliver once it's back in service. An engine shop visit isn't just a maintenance event; it's a capital allocation
decision that you execute through a workscope.

That decision is often described in technical language: Target Build Standard, Short-Build, EGT margin
recovery, LLP replacement, and workscope depth. But underneath the maintenance terminology, the
owner is deciding how much cash to commit today in exchange for future on-wing time, lower next-
event exposure, stronger redelivery condition, or greater placement flexibility.

The wrong build is not the expensive one or the cheap one. The wrong build is the one that buys utility
the engine will never consume, or fails to buy the utility the engine is expected to deliver.

KEY TAKEAWAYS

= Build standards are capital-allocation strategies, not quality distinctions. Target Build
and Short-Build represent different economic profiles: each is suited to a specific mission,
ownership, and commercial context.

m The relevant cost metric is the implied forward maintenance accrual rate, not the shop-
visit invoice. It equals the expected next-event cost divided by the expected next on-wing
interval.

= In the worked example, a $3M Short-Build produces a 45-65% higher implied forward
maintenance accrual rate than a $7M Target Build on the same engine, because the
shorter interval forces next-event cost to work less hard.

m The wrong build is the one that does not match the mission: expected next utilization,
remaining economic life, and commercial structure governing the engine.

What a Build Standard Really Means

A build standard is the operator's release specification for an engine after a shop visit: the outbound
targets for remaining LLP life, configuration embodied, and performance margin recovered, all set to
support an intended next on-wing interval. The term is used interchangeably with build goal in industry
practice; this article uses build standard throughout for consistency.
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The specification matters because airline engineering teams and engine MROs do not underwrite
workscopes in isolation. Together, they underwrite remaining utility, cash timing, reserve adequacy,
redelivery condition, and residual value. So, a build standard isn't just a label for quality or a way to
categorize maintenance. Think of it more as a strategic bet: you're putting up capital now because you're
banking on a specific financial return down the road.

Before you start weighing a Target Build against a Short-Build, you have to ask a much simpler question:

What kind of future utility are we actually trying to buy?

This forces you to run through five practical tests. You only get real value out of comparing build standards
after you've answered those questions.

v QUESTIONS TO ASK BEFORE SETTING THE BUILD STANDARD

1. Planned interval. How many flight hours and flight cycles must the engine cover before
the next expected maintenance event, lease expiry, sale, teardown, or aircraft exit?

2. Mission profile. What operating environment, flight-leg length, derate practice, and
utilization pattern will consume EGT margin and hardware life?

3. Physical limiters. What will bind first: EGT margin, LLP life, hardware condition, AD/SB
compliance, or records requirements?

4. Commercial structure. Who pays for the work, who receives the benefit, and what do the
lease, reserve, and redelivery terms assume?

5. Residual role. Will the engine support long-term operations, a short lease extension, a
transition placement, a freighter conversion, a green-time strategy, or eventual teardown?

Two Build Standards, Two Economic Profiles

A Target Build Standard is designed to buy a longer and more predictable next on-wing interval. It
typically applies heavier core restoration, targets higher EGT margin recovery, and may include LLP
replacement. It concentrates capital at the shop visit in exchange for lower repeat-event risk, stronger
marketability, and better support for long-duration operations.

A Short-Build is designed to buy a shorter, defined operating interval. It typically applies a more limited
restoration scope, may use green-time material, and may defer LLP replacement. It preserves capital
today and matches spend to an engine’s remaining economic role.

Neither approach is inherently conservative. A Target Build Standard on an engine with a defined near-
term exit is not conservative; it may simply strand capital. On the flip side, using a Short-Build for an
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engine that needs to stay in service for years isn't "flexibility." It's a trap that forces you to make more
frequent, more expensive shop visits down the road.

Mission Drives the Required Build Standard

Workscope selection does not occur in isolation from how the engine is flown. Two operators running the
same engine type with similar incoming condition can experience materially different on-wing intervals
because environment, average flight-leg length, derate practice, and utilization shape the rate at which
margin and hardware life are consumed.

Engine workscope planning documents provide the technical framework for selecting maintenance tasks,
but the operator-specific build standard is ultimately defined by the intended mission, LLP position,
required performance margin, and commercial role of the engine after release.

Figure 1 illustrates the point. Operator A and Operator B operate in temperate conditions, but Operator
B’s longer average flight leg means fewer cycles accumulate per flight hour. Operator A and Operator C
share similar flight-leg length and derate practice, but Operator C operates in a harsher environment. In
this simplified example, Operator C’s required build-standard range is roughly half of Operator A for the
same physical engine.

Figure 1: Same Engine, Different Required Build Standards

Representative on-wing cycle expectations for three operators of the same engine type. Environment, flight-leg
length, and derate interact to define the required build standard in flight cycles (FC).

Environment: Temperate Temperate Harsh
Average Flight-Leg : 1.7 2.5 1.7
Average Derate : 10% 8% 10%

Build-Standard (FC) : 8,000-10,000 7,000-9,000 4,000-6,000

Source: Author

The implication is direct. The correct build is the one that supports the cycles the engine can realistically
deliver in service. An operator in harsh conditions who buys a temperate-environment interval may pay
for a margin that will not survive the mission. An operator in benign conditions who repeatedly buys a
short interval may under-invest in an asset capable of producing more economic utility.

Mission drives margin erosion. The build standard must match the mission.
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EGT Margin and LLP Life Define the Physical Constraint

Every shop visit produces two variables that largely define the EGT-limited on-wing potential: the starting
EGT margin at release and the expected EGT margin erosion rate. The build standard is only well chosen
when those two variables support the planned interval.

The governing relationship is straightforward:
EGT-limited on-wing potential = EGT margin at release + erosion rate

Figure 2 illustrates the concept. A new engine begins service with its initial EGT margin. That margin is
consumed over time in service and partially restored at a shop visit. The build standard sets the engine's
condition after it leaves the shop; the mission profile then dictates how fast the operator consumes that

restored margin.
Figure 2: EGT Margin Erosion and the Role of Scheduled Refurbishment

Workscope determines the post-shop release point. Environment and mission determine how quickly restored
margin is consumed. Successive on-wing intervals may shorten when shop visits do not fully restore original
baseline margin.
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For example, an engine released with 32°C of EGT margin and operated in a mission profile that erodes
margin at 4°C per 1,000 flight cycles has an EGT-limited potential of approximately 8,000 flight cycles.
Targeting 12,000 flight cycles on that engine plans against a thermal constraint that will not hold.
Targeting 5,000 flight cycles may leave margin unused at the next removal, which means capital was
spent creating capability the mission did not require.

EGT margin is typically, but not always, the binding constraint. LLP life, hardware-condition limits, and
AD/SB compliance can also drive removal. You should therefore test your build standard against the
most restrictive life limiter, not the most optimistic one.
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This restrictive testing is the core discipline: do not over-restore engines for their own sake. Instead, buy
exactly enough utility to support the engine's next economic role.

Target Build vs. Short-Build: The Worked Example

To make this concrete, consider two build standards for the same engine. Once you establish the build
standard, the comparison between a Target Build and a Short-Build becomes commercially meaningful.
Figure 3 uses identical incoming engine conditions and LLP stub-life position to show how two different
build standards create different cash profiles.

In the example, the incoming engine has 27,000 flight hours and 15,000 flight cycles since last shop visit,
with LLP stub-life positions of 15K / 5K / 5K / 10K on the relevant disk stack. The Target Build Standard
applies a heavy-core restoration with HPC and HPT LLP replacement at a $7.0 million shop-visit cost
and targets a 10,000 flight-cycle / 18,000 flight-hour next interval. The Short-Build applies a medium-core
restoration with no LLP replacement at a $3.0 million shop-visit cost and targets a 5,000 flight-cycle /
9,000 flight-hour interval, constrained primarily by the 5K stub-life LLPs left in place.

Figure 3: Target Build Standard vs. Short-Build: how build-standard selection shapes shop cost, next on-wing
interval, and lifecycle risk: lllustrative example based on the same incoming engine condition and LLP stub-life
position at shop visit.

Engine Operation Engine Condition at SV LLP Stub Life at Shop Visit

Neutral Environment TSLSV : 27,000 FH \

Flight Leg : 1.8 / 10% Derate CSLSV : 15,000 FC l ‘

Engine Enters Shop ——> l_ 15¢| s SLK/.—l

T et standard | shortouid standard
Module Workscope Heavy Core Restoration Medium Core Restoration
LLP Replacement HPC + HPT None
Build Standard (Target) 10,000 FC (Short) 5,000 FC
Performance Restoration S S4.0M $3.0M
LLP Replacement $ $3.0M SOM
Expected Next Restoration Event Cost ($) $5.5M —$6.0M $4.0M - $4.5M
Expected Next On-Wing Interval (FH) 18,000 FH 9,000 FH
Implied Next PR Accrual Rate: $305/FH - $333/FH $444/FH - $500/FH
Repeat Shop Visit Risk Lower Higher
Spare Engine Burden Lower Higher
Legend

Modules restored
LLPs replaced 15K | 20K | 20K |10K 15K | 5K | 5K |10K
Modules restored
no LLPs replaced

Source: Author
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The comparison that matters is not simply the shop-visit invoice. It is the implied forward maintenance
accrual rate: expected next-event cost divided by expected next on-wing interval.

In this example, the Target Build Standard produces an implied forward maintenance accrual rate of
approximately $305 to $333 per flight hour. The Short-Build produces approximately $444 to $500 per
flight hour, roughly 45 to 65 percent higher.

METHODOLOGY NOTE — IMPLIED FORWARD MAINTENANCE ACCRUAL RATE

Implied forward maintenance accrual rate = expected next-event shop-visit cost + expected next on-wing flight
hours. For the Target Build example, projected next-event cost of approximately $5.5M—$6.0M divided by 18,000
FH yields $305-$333/FH. For the Short-Build example, projected next-event cost of approximately $4.0M-
$4.5M divided by 9,000 FH yields $444—-$500/FH. Next-event cost assumptions reflect expected scope at the
subsequent removal, including LLP replacement where due, and are illustrative rather than engine-type specific.

That result is counterintuitive only if the analysis stops at the shop-visit cost. The Short-Build is cheaper
today, at $3.0 million versus $7.0 million, and may even be cheaper at the next event in absolute dollars.
But the next event occurs after 9,000 flight hours rather than 18,000. Compressed intervals mean every
dollar of next-event cost works less hard. While the Short-Build appears cheaper at the shop visit, the
Target Build Standard can actually cost less per flight hour.

While the Short-Build looks cheaper at the event, the Target Build Standard can actually
cost less per flight hour.

This lower hourly cost doesn't automatically make the Target Build Standard superior. Instead, you must
judge the choice against the engine's intended remaining life. If the engine only needs to cover 5,000
cycles before retirement, the Short-Build represents the rational capital decision. However, if the operator
expects the engine to remain in service for a long, stable interval, the Short-Build merely defers costs
into a higher forward burden.

Build Standard Mismatches Create the Economic Risk

A build-standard decision rarely stands alone. It sits inside lease terms, maintenance reserves, eligible
workscope definitions, redelivery conditions, residual-value assumptions, and portfolio strategy. When
the executed build does not match the priced outcome, the gap becomes economic risk.

The risk can go either way. Under-building creates early-event exposure and weaker marketability. Over-
building creates stranded maintenance value and capital lock-up. The issue is not whether the build is
heavy or light. The issue is whether it aligns with the underwritten commercial outcome. Table 1
summarizes the principal mismatch types and their economic consequences.
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Table 1: Build-standard mismatches create different forms of economic risk.

Under-build A Short-Build is used where the aircraft, Earlier shop visits, higher implied forward
lease, or reserve model assumes a maintenance accrual rate, reserve shortfall,
longer Target Build outcome. repeat-removal risk, weaker next-placement

condition.

Over-build A Target Build Standard is used where Capital is locked into utility that may never be
the engine has a near-term exit, low- consumed; incremental maintenance value is
utilization role, transition placement, or stranded.

likely teardown path.

Commercial Reserve rates, eligible drawdowns, True-up disputes, unexpected cash calls,
mismatch redelivery conditions, and executed valuation leakage, and unclear risk
scope are not aligned. allocation.
Physical The planned interval ignores EGT The engine cannot deliver the interval
mismatch margin, LLP life, hardware condition, or assumed in the business case, regardless of
mandatory compliance constraints. the commercial intent.

For lessors and investors, the most common exposure is a Short-Build executed against reserves or
redelivery economics priced to a Target Build outcome. The engine may be technically serviceable, but
the reserve pool may be structurally under-collected relative to the actual forward maintenance accrual
rate. The asset can also return with less green time, earlier next-event exposure, and narrower placement
optionality.

The reverse exposure is less discussed but equally real. A Target Build Standard can be an aggressive
capital decision when the engine's remaining economic life is shorter or less certain than the scope
assumes. If you sell, park, transition, or tear down the aircraft before consuming the restored interval, the
incremental spend becomes stranded maintenance value.

In both cases, the maintenance event does not fail because the workscope was technically flawed. It fails
because the build standard and the commercial structure were misaligned.

What This Means for Operators, Lessors, Investors, and MRO Providers

For operators: The build-standard decision is not just engine-by-engine; it is portfolio-wide. A fleet plan
that defaults to Short-Builds under cash pressure can mask a structural shift. Each visit looks cheaper,
but the cumulative forward maintenance accrual rate rises across the fleet, often concentrating next-
event exposure into a two-to-three-year window that coincides with other planned fleet transitions. The
operational discipline is to classify each engine by its remaining role: long-term operating asset, transition
placement, near-term exit, or teardown candidate, and let that classification drive build-standard
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selection. Three Short-Builds executed on long-term operating assets have not saved $12 million; they
have deferred it, often with interest.

For lessors: The operator's build choice directly affects reserve adequacy, redelivery condition, and
residual value. Align reserve rates with the expected maintenance outcome and tie eligible drawdowns
to clearly defined workscopes. Redelivery conditions should specify the practical life metrics that matter:
cycles, EGT margin, module status, LLP life, records, and next-event exposure.

For investors: Two engines of the same type can have materially different economic profiles depending
on their build history. An engine maintained to Target Build Standards may carry longer residual life,
lower next-event exposure, and stronger placement optionality. An engine run through consecutive Short-
Builds may carry a higher forward accrual burden and narrower remarketing flexibility. Underwriting
based on engine type alone yields two distinct assets.

For MRO providers: Build-standard mix shapes capacity planning. A market shifting toward Short-
Builds creates more frequent inductions with lighter scopes and faster turn requirements. A market
shifting toward Target Build Standards creates longer induction-to-redelivery windows, heavier parts
consumption, and more concentrated LLP activity. Base your slot planning on the mix of scope types,
not just the total shop-visit count.

Bottom Line

Target Build Standard and Short-Build are not quality judgments. They are capital-allocation strategies
expressed through a maintenance event.

The Target Build Standard buys time, predictability, and a stronger residual condition. The Short-Build
buys flexibility, cash preservation, and a defined shorter interval. Each is correct for a specific set of
operating, ownership, and commercial conditions. Each is wrong outside those conditions.

When used correctly, the build standard maps out three things: the engine's next workscope, the utility
the owner expects in return, and the resulting cost implications. If those three line up, the maintenance
makes business sense. When they drift apart, the gap becomes an expensive problem for someone to
solve.

The Target Build Standard buys time and predictability.
The Short-Build buys flexibility and cash.

The wrong build is simply the one that does not match the mission.
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The views expressed in this article are solely my own and do not necessarily reflect those of my
employer or any other organization.
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