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What is the i-DST Grey Infrastructure LCC-LCA tool? How is it linked to the iDST tool and research? 

The Grey Infrastructure Life Cycle Cost and Environmental Assessment (Grey Infrastructure LCC-LCA) tool for 
the Integrated Decision Support Tool (iDST) project is an Excel-based tool that estimates costs, energy use, 
and greenhouse gas emissions of grey infrastructure used in combined stormwater (CSS) and separate 
stormwater and sanitary sewer systems (SSS) in an urban setting.  
 
The Grey Infrastructure LCC-LCA tool for CSS and SSS is developed to ultimately link to the broader iDST to 
enable cost- and energy-based optimization. Besides the central goal of supporting the iDST research, the 
Grey Infrastructure LCC-LCA tool is also a standalone tool that can be used independently. 

  
Depending on availability of input data and information about the grey infrastructure, the LCC-LCA tool 
allows users: 

-  to estimate costs, energy use, and greenhouse gas emissions with minimal input requirement, 
and 

-  to customize the results with high level of detailed input entry. 

Who could find the Grey Infrastructure LCC-LCA tool useful?  
            

- State or municipal agency decision-makers 

- Environmental agencies 

- Consulting firms 

- Researchers 

Users should have a working knowledge of stormwater and sanitary sewer systems and their operating 
conditions to understand the environmental and economic implications of the results calculated herein. 

What knowledge will I gain from using i-DST Grey Infrastructure LCC-LCA tool?       

Users may enter data about an existing, designed, or hypothetical stormwater and sanitary sewer system to 
assess the life-cycle cost and environmental implications. Following are examples of questions that a user 
may keep in mind when working with the i-DST Grey Infrastructure LCC-LCA tool: 

- For a stormwater or wastewater treatment system, which technology/treatment train is better 
for the environment? Which technology is more economical? 

- For a stormwater or sanitary sewer system, which material option for pipes will minimize 
environmental and economic effects: cement-lined ductile iron, steel, PVC, copper, cast iron, HDPE, 
corrugated metal, or reinforced concrete? 
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- How much of a difference does size (e.g., storage volume, diameter /length) of grey infrastructure 
make for a given treatment/management option in terms of energy use, greenhouse gas emissions, and cost 
of construction? 

- How much do construction and operation of a specific type of grey infrastructure of a certain size 
(e.g. detention tank, cistern, tunnel, etc.)  cost in a given year at a given discount rate? 

How is the Grey Infrastructure LCC-LCA structured?             

The tool takes user inputs for assessing construction and operational costs, energy use, and greenhouse gas 
emissions of: 

  - Separate sewer systems (SSS)            

  - Combined sewer systems (CSS)           

  - Combined sewer overflows (CSO)           
Figure 1 shows the conceptual tool organization. Note that green infrastructure is out of scope of the LCC-
LCA tool, but it is included in the figure to provide a full picture of an urban stormwater management 
system.  

 

Figure 1: Conceptual Tool Organization 

 

The tool is comprised of main tabs and supplementary tabs (Figure 2). Main tabs receive user inputs 
necessary for the cost, energy, and greenhouse gas emissions calculations, and deliver both graphical 
and tabular results based on the user input.  Supplementary tabs provide information and the sources 
of cost, energy, and emissions estimation. Information on currency conversion factors, time and city 
adjustment indexes and non-SI to SI conversions are also provided in the supplementary tabs. 

 

 

 

 

 

Green 
Infrastructure
Q (m3), $/m3

kWh/m3

$/year
kWh/year

Stormwater
Runoff, Q (m3)

LCC /LCA DATA FOR GREEN INFRASTRUCTURE

Planning horizon (years) & Discount 
rate (%) and U.S.- city adjustment: 

Only for construction costs

REGRESSION EQUATIONS

MAJOR INPUTS

Regression 1 Operation 
(incl. Energy Use) & 
Maintenance Costs

Regression 2
Construction Costs

Wastewater 
Treatment 
Q (m3), $/m3, 

kWh/m3

$/year
kWh/year

Stormwater
Runoff, Q (m3)

LCC /LCA DATA FOR GREY INFRASTRUCTURE

• Wastewater volume (m3/year)
• WWTP age 
• Influent, effluent concentrations 

(mg/L) 
• Pollutant removal efficiency (%) 
• Temperature of influent (◦C) 
• Population equivalent (p.e.)
• Efficiency of the aeration machinery 

(kg/kWh)
• Plant capacity (mgd)
• Flow rate (mgd)
• High cost vs low cost region (0-1)
• Nanofiltration recovery rate (%)
• Dry solid (kg/m3)
• Oxygen required for aeration (kg 

O2/m3)
• Infrastructure capacity &   

dimensions (vary)

Regression 3
Energy (kWh)/year

Embodied energy (MJ)

DEFAULT VALUES

Cost default data ($/m3)
Energy default data 

(kWh/m3)

$/year

kWh/year

$

MJ

kWh

kgCO2e

(Hydrologic data, land 
imperviousness from 

Hydrologic Model)



3 
 

 

 

Figure 2. Tabs of the Tool 

MAIN TABS: 

 

COST MODULE - LCC Calculations 

Cost module for the calculation of operational and construction costs for CSS, SSS, and CSOs. Figure 3 
describes the content of the cost module for the grey infrastructure analyzed. Figure 4 depicts the overview 
of the Excel cost module for CSS, SSS, and CSO construction and operational cost estimations. Figures 5a and 
5b show the Excel page snapshot for the CSS operational and SSS construction cost input description and 
results. Figure 6a, 6b, and 6c are snapshots of annual operational and construction cost results for CSS, SSS, 
and CSO types of infrastructure in graphical format. Figure 6d depicts the total construction cost from the 
addition of selected stormwater and sewer system components. 
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Figure 3. Cost Module Details 

 

  Figure 4. Overview of the Cost Module for CSS, SSS, and CSOs 
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Figure 5a. Overview of Cost Module for CSS Operational Cost User Input and Results 

 

 Figure 5b. Overview of Cost Module for SSS Infrastructure Construction Cost User Input and Results 
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Figure 6a. Annual Operational Cost Results for CSS and SSS 
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Figure 6b. CSS Construction Cost Results 

 

Figure 6c. SSS Infrastructure Construction Cost Results for SSS 
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Figure 6d. Total Construction Cost from the Sum of Costs of Selected Stormwater and Sewer System 
Components 

 

 

ENERGY/CARBON EMISSIONS MODULE 

Energy and greenhouse gas emissions analysis for grey stormwater and sanitary sewer infrastructure 
constitutes embodied energy and greenhouse gas, as well as operational energy calculations. Embodied 
energy and associated greenhouse gas emissions are calculated based on the size of the constructed 
system, including the excavation for site preparation or demolition and removal of the older structure 
replaced. Treatment facility-related operational energy calculations can be performed either on the basis 
of default values from literature or regression equations. Both analysis vary by treatment process step or 
technology that use inputs from the wastewater/ stormwater treatment facilities. Figure 7 provides 
details about the energy/emissions module. Figure 8 is a snapshot from the Energy/ Carbon Emissions 
Module for calculating operational impacts of CSSs. Figure 9 is a snapshot from the Energy/Carbon 
Emissions Module for calculating the embodied energy and greenhouse gas emissions from construction 
of stormwater and sanitary sewer system infrastructure. The user can estimate the location-specific 
greenhouse gas emissions from energy use at the treatment facility, on the basis of the electricity grid mix 
at the location of the facility. The user can either choose the default electricity mix specific to a U.S. State, 
as defined from e-GRID, or can customize their own mix at the location of the treatment facility (see Figure 
10). Graphical results from the Energy/Carbon Emissions Module are presented in Figure 11 from annual 
operational activities and Figure 12a and 12b from grey infrastructure construction-related activities. 
Figure 12c shows total emissions from the selected stormwater and sewer system components in 
graphical format. 
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Figure 7 Energy/ Carbon Emissions Module Details 
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Figure 8 A Snapshot for the Energy/Carbon Emissions Module - Operational Impacts of Combined Sewer Systems (CSSs) 
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Figure 9 A snapshot from the Energy/ Carbon Emissions Module - Embodied Energy and GHGs from 
Construction of Stormwater and Sanitary Sewer System  

 

 

Stormwater and Sanitary Sewer System: 

 Pipes: Cement-lined ductile iron pipe, steel pipe, PVC pipe, copper pipe, cement asbestos 

pipe, cast iron pipe, and HDPE pipe. 

 Storage tanks: Concrete and steel tanks 

Inputs vary, consist of:  

 Diameter (mm) for pipes 

 Length (m) for pipes  
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 Storage volume (m3) 

Outputs: 

 Embodied energy (MJ, kWh) 

 Embodied GHGs (kg CO2-eq) 

 

Figure 10 Stormwater Treatment Carbon Emissions from Energy Use, adjusted to Location-Specific 

Electricity Grid Mix 
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Figure 11. CSS Annual Operational Energy and Carbon Emissions Results - Graphical format 
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Figure 12a. Grey Infrastructure Construction-Related Embodied Energy for Stormwater and Sewer 
Systems - Graphical format 

 

Figure 12b. Grey Infrastructure Construction-Related Embodied Carbon Emissions for Stormwater and 
Sewer Systems - Graphical format 
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Figure 12c. Total Embodied Energy and GHGs from the Selected Stormwater and Sewer System 

Components 

 

  

i-DST Grey Infrastructure LCC-LCA Tool Limitations 

 

Limited to available literature – for the technologies and processes considered 

Limited to construction phase for SSSs 

Limited to operational phase for WWTPs 

Limited to energy and greenhouse gas calculations in the LCA module 

There are data-related uncertainties 
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