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Life cycle impact assessment (LCIA) of energy systems infrastructure 
(construction, manufacture, and deconstruction) based on capital 
costs built on United States Environmentally Extended Input Output1

model
• Use of baseline cost data in Environmentally Extended Input Output 

(EEIO) and Economic Input Output (EIO) models to produce life cycle 
inventory (LCI) for construction and capital investment as opposed to 
consumer final or intermediate demand

• Using Bureau of Economic Analysis consumer price index2 to scale 
high-quality vendor construction estimates

• EIO vs process Life cycle assessment (LCA) - comparison of 
approaches for a power plant construction application

• Uncertainty considerations for EIO 

Objective

1. Yang, Y., Ingwersen, W. W., Hawkins, T. R., Srocka, M., & Meyer, D. E. (2017). USEEIO: A new and transparent United States environmentally-
extended input-output model. Journal of cleaner production, 158, 308-318.

2. Bureau of Labor Statistics. (2016). Consumer price index - all urban consumers, 1956-2016 [Time series]. Retrieved from http://data.bls.gov
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• Update with
• Cost data from NETL baseline reports for coal and gas plants

• Detailed cost data developed in NETL baseline reports
• US EPA USEEIO Model

• 1,800+ flows leads to a greater coverage of emissions than many 
process models

Moving Beyond Raw Material Inputs
Engineering, Architectural, Chemical, Construction, Design, Government, etc.

Raw Materials
(current modeling)

- Steel
- Aluminum
- Concrete
- Iron

Power Plant Construction

Additional Components
(proposed additions)

- Manufacturing
- Construction
- Services

• Previous NETL detailed 
process models showed 
construction impacts were 
small

• Construction models were 
simplified based on mass of 
primary materials
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Environmental Data Item Primary Source Year

GHGs US GHG Inventory 2013

CAPs NEI 2011

HAPs NEI 2011

Other Toxins TRI 2013

Pesticides USDA Agricultural Chemical Use Program 2009 – 2014

Nutrients USDA Agricultural Chemical Use Program 2009 – 2014

Land USDA ERS, EIA MECS 2007

Water USDA Farm and Ranch Irrigation Survey, USGS 2008 – 2010

Mineral Use USGS Mineral Commodities Survey 2014

Energy Use EIA Monthly Energy Review 2014

USEEIO Model
Modified from Yang et al. (2017)

• BEA benchmark input/output accounts for 385 commodities in 2007

Yang Y, Ingwersen WW, Hawkins TR, Srocka M, Meyer DE (2017) USEEIO: A New and Transparent United States Environmentally-Extended Input-Output Model. 
Journal of Cleaner Production 158:308-318. DOI:10.1016/j.jclepro.2017.04.150
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• USEEIO v1.1 is designed for Python; adapted Excel-based matrices to 
run results in Excel (https://github.com/USEPA/USEEIO) 

• Revert back to original Make and Use (BEA 2007)

• Modified characterization factors (TRACI 2.1) to match NETL Baseline

• Disaggregated petroleum sector
• Gasoline
• Diesel
• Kerosene
• Petroleum Products

USEEIO Model Modifications

https://github.com/USEPA/USEEIO


6

• Customized results display
• Production vs. Consumption perspective
• Contribution by flow

• Detailed impact or inventory results

• Customized demand vectors
• Built from detailed cost engineering data from NETL baseline reports

• Options for normalized and/or weighted impacts (Ryberg et al. 
2014; NIST BEES)

Excel-based USEEIO Infrastructure Model



7

• Scope: Infrastructure impacts 
relative to total life cycle impacts of 
Power Plant

• Impacts normalized per MWh 
consistent with 30-year operating 
period for the power plant
(85% capacity factor)

Impacts from Infrastructure 
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• Equipment and 
materials are 
mapped to BEA 
sectors

• Correspondence 
(NETL  BEA) used 
across power 
systems

Demand Vectors for Capital Infrastructure

• Equipment and Material Costs are scaled from producer to 
consumer costs based on BEA Producer and Purchaser Use Tables

Cost and Performance Baseline for Fossil Energy Plants Volume 1a: Bituminous Coal (PC) and Natural Gas to Electricity 
Revision 3
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Primary Dashboard
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0% 50% 100%

Demand

Activity

Global Warming…

Water Consumption

Photochemical Smog…

Eutrophication Potential

Acidification Potential

Particulate Matter…

Ozone Depletion Potential

SubPC SCPC NGCC

SubPC-CC SCPC-CC NGCC-CC

Net and Relative Impacts of Infrastructure
Impact Units SubPC

550MW
SubPC-CC
550MW

SCPC 
550MW

SCPC_CC
550MW

NGCC 
630MW

NGCC_CC
559 MW

Demand 2013 $ 9.02E+8 1.52E+9 9.39E+8 1.55E+9 3.59E+8 6.38E+8

Induced Activity 2013 $ 1.92E+9 3.21E+9 2.01E+9 3.28E+9 8.00E+8 1.38E+9

Global Warming 
Potential (AR5, 100-yr) kg CO2 e 4.33E+8 9.13E+8 4.45E+8 9.15E+8 1.61E+8 4.06E+8

Water Consumption M3 1.37E+7 2.81E+7 1.42E+7 2.84E+7 5.85E+6 1.30E+7

Photochemical Smog 
Formation Potential kg O3 e 2.67E+7 5.32E+7 2.73E+7 5.33E+7 9.51E+6 2.29E+7

Eutrophication 
Formation Potential kg N e 7.44E+5 1.59E+6 7.61E+5 1.59E+6 4.59E+5 9.00E+5

Acidification 
Formation Potential kg SO2 e 1.28E+6 3.07E+6 1.32E+6 3.06E+6 4.63E+5 1.41E+6

Particulate Matter 
Formation Potential kg PM2.5 e 3.10E+5 6.24E+5 3.16E+5 6.24E+5 1.03E+5 2.62E+5

Ozone Depletion 
Potential kg CFC-11 e 9.36E+1 5.81E+2 9.62E+1 5.70E+2 3.50E+1 3.16E+2

• These values are not normalized
• NGCC Plant is slightly larger than PC Plants

• Adding carbon capture increases the 
infrastructure impacts significantly

• Even more important with reduced combustion 
emissions
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Infrastructure Impacts - SCPC
Contribution of Construction to Life Cycle Impacts

550 MW 550 MW with Capture

• USEEIO model shows additional EP and PMFP emissions, lower H2O
• Addition of capture yields more infrastructure contributions to LC

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Pr
oc

es
s-

Ba
se

d

U
SE

EI
O

Pr
oc

es
s-

Ba
se

d

U
SE

EI
O

Pr
oc

es
s-

Ba
se

d

U
SE

EI
O

Pr
oc

es
s-

Ba
se

d

U
SE

EI
O

Pr
oc

es
s-

Ba
se

d

U
SE

EI
O

Pr
oc

es
s-

Ba
se

d

U
SE

EI
O

Pr
oc

es
s-

Ba
se

d

U
SE

EI
O

GWP H2O PSFP EP AP PMFP ODP

Co
nt

rib
ut

io
n 

of
 C

on
st

ru
ct

io
n 

to
 P

la
nt

 To
ta

l (
30

 y
r)



12

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Pr
oc

es
s-

Ba
se

d

U
SE

EI
O

Pr
oc

es
s-

Ba
se

d

U
SE

EI
O

Pr
oc

es
s-

Ba
se

d

U
SE

EI
O

Pr
oc

es
s-

Ba
se

d

U
SE

EI
O

Pr
oc

es
s-

Ba
se

d

U
SE

EI
O

Pr
oc

es
s-

Ba
se

d

U
SE

EI
O

Pr
oc

es
s-

Ba
se

d

U
SE

EI
O

GWP H2O PSFP EP AP PMFP ODP

Co
nt

rib
ut

io
n 

of
 C

on
st

ru
ct

io
n 

to
 P

la
nt

 To
ta

l (
30

 y
r)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Pr
oc

es
s-

Ba
se

d

U
SE

EI
O

Pr
oc

es
s-

Ba
se

d

U
SE

EI
O

Pr
oc

es
s-

Ba
se

d

U
SE

EI
O

Pr
oc

es
s-

Ba
se

d

U
SE

EI
O

Pr
oc

es
s-

Ba
se

d

U
SE

EI
O

Pr
oc

es
s-

Ba
se

d

U
SE

EI
O

Pr
oc

es
s-

Ba
se

d

U
SE

EI
O

GWP H2O PSFP EP AP PMFP ODP

Co
nt

rib
ut

io
n 

of
 C

on
st

ru
ct

io
n 

to
 P

la
nt

 To
ta

l (
30

 y
r)

Infrastructure Results - SubPC
Contribution of Construction to Life Cycle Impacts

550 MW 550 MW with Capture

• USEEIO model shows additional EP and PMFP emissions, lower H2O
• Addition of capture yields more infrastructure contributions to LC
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Infrastructure Results - NGCC
Contribution of Construction to Life Cycle Impacts

630 MW 559 MW with Capture

• USEEIO model shows additional EP and PMFP emissions
• Addition of capture yields more infrastructure contributions to LC
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SCPC 550 MW
Comparison of Select Releases: Process-Based Model vs. USEEIO for Construction

Select Releases UP kg per Plant USEEIO kg per plant Ratio USEEIO to UP
Ammonia 145.2 28,994 200 

Barium 1.7 0.71 0.42 
Carbon Dioxide 1.10E+08 3.76E+08 3.4

Carbon Monoxide 1.10E+08 1.65E+06 0.02
Nitrogen Dioxide 1.20E+03 9.94E+05 828
Sulphur Dioxide 2.10E+05 5.44E+05 2.6

Organic Emissions to Air (Group VOC) 3.20E+05 5.55E+05 1.7
Methane 3.10E+05 1.41E+06 4.5

Particles to Air 1.30E+05 4.03E+05 3.1

• USEEIO shows higher gate-to-gate construction impacts across 
most releases than the simplified process-based model
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Industry Contribution to NOx emissions
Truck transport 19%

Other nonresidential structures 16%
Cement 12%

Rail transport 8%
Unrefined oil and gas 8%

Electricity 8%
Clay and ceramic products 5%

Primary iron, steel, and ferroalloy products 4%
Water transport (boats, ships, ferries) 3%

Contribution to Nitrogen Oxides Emissions
SCPC Infrastructure Life Cycle Emissions by Industry Sector

• USEEIO enables users to break down the life cycle emissions by sector
• Enables hot-spot analysis where process-based models can be used 

to create a hybrid analysis
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Impacts Across Plants (per Dollar)

SCPC

SubPC
NGCC

SCPC-CC
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NGCC-CC

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

0.0 0.2 0.4 0.6 0.8 1.0

Im
pa

ct
 S

ca
la

r

Cost Scalar

GWP-100

WC

PSFP

EP
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PFMP

ODP

Impact Category Impact 
Category Units Impact 

per USD R2

Global Warming 
Potential (AR5, 100-yr) GWP-100 kg CO2 e 0.63 0.96

Water Consumption WC m3 0.019 0.96
Photochemical Smog 
Formation Potential POFP kg O3 e 0.037 0.98

Eutrophication 
Potential EP kg N e 9.40E-04 0.88

Acidification Potential AP kg SO2 e 2.20E-03 0.93

Particulate matter 
Formation Potential PMFP kg PM2.5 e 4.40E-04 0.98

Ozone Depletion 
Potential ODP kg CFC-11 e 4.40E-07 0.7
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Contribution to Impacts per MWh
USEEIO modeling for construction impacts

• Impacts of life cycle construction compared to the gate-to-gate emissions from power 
plant operations – normalized to the plant with the highest emissions per MWh

• Wind and Solar plants have no operations emissions
• Uncaptured power plants are not shown as the construction impacts are <1%
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• This USEEIO based tool offers an easy and reliable method to estimate 
construction and infrastructure emissions for power plants and 
expand inventory

• Can also be used to point to hot-spots where process-based data can be used 
to make hybrid models

• Construction and other services are important to the life cycle of the 
power plant

• Previous simplified process-based models were underestimating important 
emissions (e.g. CO2 was underestimated by a factor of 3.4 for SCPC plants

• Construction accounts for <1% of impacts for fossil power plants
• The addition of CCS with 90% capture increases the net and relative 

construction GHG emissions to 7-8% for fossil energy
• Future work could focus on decommissioning impacts for power 

plants 

Discussion and Conclusions
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Contact Information

Timothy J. Skone, P.E.
Senior Environmental Engineer • US DOE, NETL 
(412) 386-4495 • timothy.skone@netl.doe.gov

Ben Young
Life Cycle Assessment Analyst • Eastern Research Group
ben.young@erg.com

Derrick R. Carlson
Senior Engineer • KeyLogic Systems • US DOE, NETL 
derrick.carlson@netl.doe.gov

netl.doe.gov/LCA LCA@netl.doe.gov @NETL_News
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