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DATA COLLECTION

Identify:

= Data sources: published reports, public sources of
original DER data

= Data types: capital cost, O&M cost,
performance

= DER systems: diesel gensets, gas gensets,
microturbines, fuel cells

Catalog sources of data and DER systems

¥

DATA HARMONIZATION

= Convert cost data to a consistent dollar year (i.e., adjust
for inflation; 2025 U.S. dollars)

= Conform capital cost data to a common cost model—the

total overnight cost (TOC) \

¥

—

DATA SYNTHESIS & MODELING

= Assimilate the harmonized data by regressing on DER
type (combustion, fuel cell), energy production type
(power-only, CHP), and kW nameplate capacity

= Generate representative DER system models by DER
type, energy production type, and kW capacity

¥

Main output. Representative DER system models with

unique cost and performance attributes that are coherent as

a function of DER technology type, energy production type,
system size (kW capacity), and year

~

SOURCE CATALOGING:

Study publication year

Author type: vendor, consuiltancy, national
laboratory, academia

Data provenance: vendor, vendor-soficited, cost
modeling, market analysis, literature synthesis

Data type: historical, forecasted
Data year: year in which data is applicable

Data cost model: equipment, bare erected cost,
tofal plant cost, total overnight cost

Data completeness: whether component capital
costs are included, amalgamated, missing, mis-
specified, or not reported

Estimate type: central, lower, upper

DER SYSTEM CATALOGING:

Type: diesel genset, gas genset, gas
microturbine, solid oxide fuel cell

Rating: nominal kWac

Screen for reported and missing component capital
costs

v

Convert lower/upper bound data to single central
estimate

v

Correct for systems with combined heat and power

h 4

Address outlier component cost ratios

h 4

Derive functional fits for component cost ratios

v

Resolve unspecified, amalgamated, and non-
reported component costs

L 2

Sum component costs to generate the total
overnight cost

Fig. 1. Detailed summary of the data collection, harmonization, and synthesis process.




Set analysis scope & definitions
» DER technology: diess! gensst, gas genset, microturbines & gas turbines-,
solid oxide fue! cell

+» DER technology class: combustion (diesel genset, gas genset,
microturbine); fuel cell

+* DER “energy” class: power-only, CHP (combined heat & power)
* DER nameplate capacity: £10,500 kWac
+ Common cost model: total overnight cost (TOC)

« Component costs: equipment Equ; installation & labor Ins; engineering,
procurement, contracting, & contingency Epc; other owners’ Owrn.

« Tatal system cost TOC := Equ + Ins + Epc + Own

* Microturbines & gas turbines are lumped togsther as ‘microfurbines”

Cache “Intermediate Harmonized Data” dataharmint

= Generate functional fits for component cost ratios, costs (see details in the

datarawDya step)

Resolve amalgamated component costs
= Amalgamated costs are mixed and reported as one, e.g. Equ and Own
costs reported as a single Equ cost.

= For amalgamated Equ and Own costs, separate the Equ cost using Own—
Equratios. Lazard-2014, Lazard-2015, Lazard-2016, Lazard-2017

» For amalgamated /ns and Epc costs, separate the Ins cost using Epo-ins

v

PRE-PROCESSING

ratios. Doe-2023, Doe-2024.

I Load the DER Costing Database

L J

Define categorical sets

= costModFields, compeostFields, capcostFields, ..., derClasses,
dersAndClasses, ccratioList, etc.

Resolve outlier, mis-specified costs

= Outlier Equ, Ins data. Respecify Equ, Ins using Ins—Equ ratios without
altering the sum Equ + Ins. Lbnl-2001.

» Un/mis-specified Epc, TOC data (did not report Epe yet reported TOC).
Specify Epc using Epc—Equ ratios, then overwrite TOC. Leidas-2020 (fuel

cells oniy).

Cache “Intermediate Harmonized Data” v2 dataharmint2
+ See details in the datarawDya step

l Cache the Raw Database rawdatabase

L ]

Define and assign DER classes
+ combustion (diesel ice, ngas ice, microturbine}, fuel cells (sofc)

L ]

Exclude data
+ Incomplete data sets; out-of-scope DERs, kW capacities, elicitation

Resolve unspecified component costs

= Unspecified component costs are part of the study's cost model but were
not specified; generate these to conform the study's data to the TOC cost
model.

« For studies with specified TOC and unspecified component costs, allocate
component costs from TOC using cost-TOC ratios. Eia-2019, Eia-2020a
Eia-2021, Eia-2022, Eia-2023, Eia-2025, Eia-2026

» For studies with specified TOC and Equ and unspecified Ins, Epe, and
Own, allocate Ins, Epe, and Own from the leftover cost TOC —Equ using

cost-TOC ratics. ltron-2015.

studies, forecasted

HARMONIZATION

Cache “Intermediate Harmonized Data” v3 dataharmint3
» See details in the datarawDya step

For upper / lower bound data pairs, generate mid
datum

« For studies that report fower & upper bound data, average these to
create a mid datum. {Harmonization uses only mid data.)

L ]

Defined indexed sets
« isCombustion, isGoodDerCap, isHist, isElicitation, isChp, isMid,

Resclve non-reported component costs

* Non-reported costs are not a part of the study's cost model; they must be
added to conform the data to the TOC cost model.
* Fill non-reported component costs using cost-TOC ratios. Generac-2022,

Genarac-2017, U.S. Army-2017, Lazard 2014-2017, Nrel-2014, LbnI-2001, Doe-2023,
1cf-2017, Nrel-2003, Doe-2024, Bloom Energy 2019-2014, Itron-2015, Battelle-2016,

Battelle-2015.

isAmalg, islo, etc. '

Cache “Raw Data” rawdata

¥

Calculate the harmonized total overnight cost

« Sum the component costs to generate TOC := Equ + Ins + Epc + Own

Adjust dollar year to the present (2025 USD)

« Using a CPI inflation calculator

L ]

L ]

Cache “Harmonized Data” dataharmFinal

« Generate functional fits for component cost ratios, costs (see details in the

Cache “Dollar Year-adjusted Data” datarawDya
« Generate functional fits for component cost ratios & capital costs for
all DER technologies, technology classes, energy classes

+ Cost ratios: Ins—Equ, Epc—Equ, Own-Equ, Epc—Ins, Own—ins., Equ-T,
Ins=T, Epe-T, Own-T.

- Costs: TOC, Equ, Ins, Epc., Own.
« Omit: low/upp estimates, studies with outlier or mis-specified costs

datarawDya step)

ANALYSIS & SYNTHESIS

« Store in MasterFit

Adjust capital costs for systems with combined
heat & power (CHP)

« For systems with integrated CHP, remove the contribution of CHP
from Equ, Ins, Epc costs using non-CHP—to—CHP cost ratios. Nral-

2003, Itron-2015, Battelle-2015, Battelle-2016, 1cf-2017, Doe-2023, Doe-
2024{a), Doe-2024(b).

Calculate dispersion / error metrics
* R-squared, RMSE, CoVryse, MAPE, log residuals
« For all data series: raw, datarawdya, dataharmint, dataharmFinal
« For T, Equ, Ins, Epc, Own, Fom, Yom, heatRate
* By DER capacity: 0100, 100-500, 500-1000, >1000 kw
« Store in DispersionMetrics

SI Fig. 2. Detailed steps in the harmonization methodology.
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SI Fig. 3. Component cost ratios as a function of DER capacity, for combustion DERs (diesel
gensets, gas gensets, microturbines). Columns (rows) denote the numerator (denominator) in each
component cost ratio. Shown are the dollar-year adjusted base data for systems that generate power
only, from which the component cost ratios used to generate new harmonized data are taken. This base
data set is the most complete set of data available for identifying trends in costs and cost ratios. T—total
overnight cost; Equ—equipment cost; Ins—installation and labor cost; Epc—engineering, procurement,
and construction cost; Own—owners’ costs.
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SI Fig. 4. Component cost ratios as a function of DER capacity, for fuel cells. Columns (rows)
denote the numerator (denominator) in each component cost ratio. Shown are the dollar-year adjusted,
CHP-corrected base data, from which the component cost ratios used to generate new harmonized data
are taken. This base data set is the most complete set of data available for identifying trends in costs
and cost ratios. T—total overnight cost; Equ—equipment cost; Ins—installation and labor cost; Epc—
engineering, procurement, and construction cost; Own—owners’ costs. Fits are not generated for fuel
cells due to data sparsity.
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SI Fig. 5. Component cost ratios as a function of DER capacity, for power-only and CHP systems.
Marks denote the ratio in cost between power-only and CHP systems. Data come from two studies in
the literature that specify both types of systems (DOE, 2003; ICF, 2017).



SI Table 1 | Functional forms for the dollar-year adjusted component cost ratios. The functional
forms below are associated with the fits in SI Fig. 3. Equ—equipment cost; Ins—installation and labor cost;
Epc—engineering, procurement, and construction cost; Own—owners' cost. Fits are not generated for fuel
cells due to data sparsity.

DER class Cost ratio Form a b
Combustion Ins / Equ y=ax" 0.461 0.178
Epc/Equ y=ax+b —0.013 0.446
Own/Equ y =a+ beln(x) 0.150 0.019
Epc / Ins y =a+ beln(x) 0.967 0.138
Own / Ins y =a+ beln(x) 0.310 0.113
Own / Epc y =a+ beln(x) 0.281 0.063
Equ/T y =a + beln(x) 0.441 0.045
Ins/T y=ax? 0.229 0.319
Epc/T y =a+ beln(x) 0.248 0.015
Own/T y =a+ beln(x) 0.068 0.016
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SI Fig. 6. Comparison of unharmonized and harmonized component costs, by DER type, as a
function of DER capacity. Top row, Diesel gensets. Second row, Gas gensets. Third row,
Microturbines. Bottom row, Fuel cells. Shown are the dollar-year adjusted base data and harmonized
data. Equ—equipment cost; Ins—installation and labor cost; Epc—engineering, procurement, and
construction cost; Own—owner’ costs. In some cases fits are constant across DER capacities due to
data sparsity (Ins, Epc, and Own for diesel generators). Fits are not generated for fuel cells due to data

sparsity.



SI Table 2 | Functional forms for the harmonized capital cost data. The functional forms below are
associated with the harmonized fits in SI Fig. 5. TOC—total overnight cost; Equ—equipment cost; Ins—
installation and labor cost; Epc—engineering, procurement, and construction cost; Own—owners' cost. Fits

are not generated for fuel cells due to data sparsity.

DER Cost Form a b
Diesel gensets TOC y=ax" 1361 0.224
Equ y=ax?" 667 0.177
Ins y =ax™® 324 0.341
Epc y=ax" 301 0.175
Own y=ax?® 87 0.092
Gas gensets TOC y=ax?® 2196 0.129
Equ y=ax?® 1163 0.100
Ins y=ax" 449 0.261
Epc y =ax™® 437 0.095
Own y =a+ beln(x) 139 7.09
Microturbines TOC y=ax" 3612 0.066
Equ y=ax?® 2083 0.058
Ins y=ax?® 676 0.121
Epc y=ax?® 652 0.067
Own y =a+ beln(x) 198 14.7
Fuel cells TOC - - -
Equ - - -
Ins - - -
Epc - — -

Own




@ Harmonized data 68% prediction interval 95% prediction interval
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SI Fig. 7. Component costs vs. system capacity for diesel generators. A, Equipment cost; B,
Installation cost; C, EPC cost; D, Owners’ cost. Marks show the harmonized data; lines show the

harmonized mean (the best fit on the harmonized data); and ribbons denote prediction intervals. In
each panel, n denotes the number of data. Equ—equipment cost; Ins—installation and labor cost; Epc—
engineering, procurement, and construction cost; Own—owners’ costs.
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SI Fig. 8. Component costs vs. system capacity for gas generators. A, Equipment cost; B,
Installation cost; C, EPC cost; D, Owners’ cost. Marks show the harmonized data; lines show the
harmonized mean (the best fit on the harmonized data); and ribbons denote prediction intervals. In
each panel, n denotes the number of data. Equ—equipment cost; Ins—installation and labor cost; Epc—
engineering, procurement, and construction cost; Own—owners’ costs.
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SI Fig. 9. Component costs vs. system capacity for microturbines. A, Equipment cost; B,
Installation cost; C, EPC cost; D, Owners’ cost. Marks show the harmonized data; lines show the
harmonized mean (the best fit on the harmonized data); and ribbons denote prediction intervals. In
each panel, n denotes the number of data. Equ—equipment cost; Ins—installation and labor cost; Epc—
engineering, procurement, and construction cost; Own—owners’ costs.
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SI Fig. 10. Component costs vs. system capacity for fuel cells. A, Equipment cost; B, Installation
cost; C, EPC cost; D, Owners’ cost. Fits are not generated due to data sparsity. In each panel, n
denotes the number of data. Equ—equipment cost; Ins—installation and labor cost; Epc—engineering,

procurement, and construction cost; Own—owners’ costs.
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SI Fig. 11. Component costs vs. system capacity for representative power-only DER systems. A,
Equipment cost; B, Installation cost; C, EPC cost; D, Owners’ cost. Results are not generated for
fuel cells due to data sparsity.
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SI Fig. 12. Potential technological learning: Equipment cost vs. study year for all DER types.
Equipment cost by DER type (rows) and kW nameplate capacity (columns) by the publication year of
the estimate. Marks denote individual estimates and show the dollar year-adjusted (base) data and
harmonized data. We do not find a systematic trend of falling equipment costs over time that would
indicate technological learning. This does not imply an absence of learning, but rather that variation
in the reported data dominates any trend in learning that may exist.
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