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• Project Part 2 submission due tonight 

• Assignment 5 is posted (you can submit as your group)

• Final presentation date is finalized

• Thanks to Al for sharing his CVRMSE and NMBE code
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• Life-cycle analysis is defined as “a methodology to evaluate 
the environmental effects associated with any given 
industrial activity from the initial gathering of raw materials 
from the earth until the point at which all residuals are 
returned to the earth”

Environmental Solutions, 2005

https://www.sciencedirect.com/science/article/pii/B9780120884414500150
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• LCA is known as:
q Life-cycle assessment
q Cradle-to-grave analysis
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• LCA usually has four phases of:

q Goal and scope

q Inventory analyses

q Impact assessments

q Interpretation
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• The detailed description of the phases are:

q Goal and scope definitions to identify purposes, audiences, 
and system boundaries

q Inventory analyses known as LCI requires data collection 
and calculations to quantify materials and energy inputs and 
outputs of a building systems

q Impact assessments phase evaluates the significance of 
potential impacts based on the LCI

q Interpretation phase to evaluate findings and establish final 
conclusions and recommendations



Intro to LCA
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• In the context of buildings first the system boundaries need 
to be defined

• Typical comprehensive building life-cycle assessment 
covers:
q Material manufacture
q Transportation
q Construction
q Operation
q Maintenance
q Demolition



LCA Phases
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http://www.archecology.com/2017/05/31/life-cycle-assessment/

http://www.archecology.com/2017/05/31/life-cycle-assessment/
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• Similar to the building projects, there are different 
phases of in the calculation of LCCA:
q Capital “initial” cost

q Transportation cost 

q Fuel cost

q Operational cost

q Maintenance and repair cost

q Demolition “resale or salvage” cost

q Finance cost

q Non-monetary cost (e.g., rebates, taxes)

One time

Recurring

One time

Recurring

Depends
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• What’s the purpose of LCCA?

• Examples are:
q Glazing 

q Efficient HVAC systems

“Select viable alternatives that may have high initial 
costs but low operational and maintenance costs”
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• What are the examples of alternatives:
q Different types of systems and components

q Various efficiency

q The choice of repair or replacement 

q Consideration of all alternatives 



Building Life-Cycle Cost Analysis
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• Why do we use LCCA?
q Requirements of federal and states or private sectors  

q Evaluation of alternatives suggested by the ASHRAE Energy 
Codes 

q Beneficial for the calculation of Return of Investment (ROI)
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• Early stage design construction costs should follow 
supported industry formats: 
q UNIFORMAT II (ASTM) mostly in the US and Canada

q Levels 1 and 2 NRM1 (RICS) mostly in the UK

https://arc-solutions.org/wp-content/uploads/2012/03/Charette-Marshall-1999-UNIFORMAT-II-Elemental-Classification....pdf

https://arc-solutions.org/wp-content/uploads/2012/03/Charette-Marshall-1999-UNIFORMAT-II-Elemental-Classification....pdf
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• Capital costs for HVAC equipment more difficult than other 
mass-produced items. Special considerations:
q Various size of equipment

q Optimal design and cost

Heating and cooling of buildings book
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• Capital cost is calculated as:

𝐶 = 𝐶!"#
𝑆
𝑆!"#

$

q 𝐶: the cost at size 𝑆

q 𝐶!"#: the cost at a reference size 𝑆!"#
q 𝑚: the exponent varies between 0.5 – 1 (~0.6 recommended)

q This software is a good resource:
http://www.hcbcentral.com/hcb/hcb.htm

Heating and cooling of buildings book

http://www.hcbcentral.com/hcb/hcb.htm
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• It is important to consider the concept of “unit operations”, 
meaning to group certain portions of a project.

• The components of unit operations are “unit assemblies” 
are itemized, priced, and plotted by size of unit operation. 
For example:

q Unit Operation = Boiler

q Unit Assemblies = Burner, air intake, flue, shut of valves, piping, fuel 
supply, expansion tank, water make up valves, deaerator 

Heating and cooling of buildings book
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• Consider energy rates for
q Electricity 

q Natural gas

q Steam 

q Chilled water



Fuel Cost
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• Type of rates for electricity
q Flat rates

q Tiered

q Demand response 

q Time of Use (TOU)
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• Examples of maintenance and operational costs:
q Labor (e.g., technician to see the HVAC system)

q Services

q Supplies (e.g., air filter replacement)

q Repair (e.g., repairs beyond warranty) 



Maintenance and Life Cost

25

• Different sources are:
q Building Owners, and Managers Association International 

(BOMA): https://www.boma.org/

q RSMeans: https://www.rsmeans.com/

q National Institute of Buildings Sciences: 
https://www.wbdg.org/design-objectives/cost-effective/utilize-
cost-value-engineering

q Open BIM Cost Estimator: 
http://open-bim-cost-
estimator.en.cype.com/open_bim_cost_estimator_method_us
ed.htm

Heating and cooling of buildings book

https://www.boma.org/
https://www.rsmeans.com/
https://www.wbdg.org/design-objectives/cost-effective/utilize-cost-value-engineering
http://open-bim-cost-estimator.en.cype.com/open_bim_cost_estimator_method_used.htm
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GUIDELINES FOR LIFE CYCLE COST ANALYSIS 



Maintenance and Life Cost

27

• Examples of life expectancies are: 

Heating and cooling of buildings book

Equipment Type Median Service Life (Years)

DX air distribution equipment >24

Chillers, centrifugal >25

Cooling towers >22

Gas hot water boiler, steel >22

Pneumatic electronic controls >7

Portable electric hot water heaters >21



Building Life Cycle Cost Analysis Example

28www.ashrae.org/database

http://www.ashrae.org/database
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• ASHRAE data is collected through RP-1237:
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• ASHRAE data is collected through RP-1237:



Building Life Cycle Cost Analysis Example
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• ASHRAE data is collected through RP-1237:
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• Present value (PV) or present discounted value is a 
future amount of money that has been discounted to 
reflect its current value, as if it existed today. 

• The present value is always less than or equal to the 
future value

q 𝐶: is the future amount of money that must be discounted

q 𝑛: is the number of compounding periods between the present date 
and the future date 

q 𝑖: is the interest rate for one compounding period

𝑃𝑉 =
𝐶

1 + 𝑖 %
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http://siglercommercial.com/wp-content/uploads/2017/12/TDP-903C_v1.0_Life-Cycle-Costing-CF.pdf

http://siglercommercial.com/wp-content/uploads/2017/12/TDP-903C_v1.0_Life-Cycle-Costing-CF.pdf
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• Net present value (NPV) of a time series of cash flows, 
both incoming and outgoing, is defined as the sum of the 
present values of the individual cash flows of the same 
entity:

q 𝑡: The time of the cash flow

q 𝑖 : The discount rate (the rate of return that could be earned on an 
investment in the financial markets with similar risk.); the opportunity 
cost of capital

q 𝑅$: The net cash flow i.e. cash inflow – cash outflow, at time t

𝑁𝑃𝑉 𝑖,𝑁 =+
&'(

)
𝑅&

1 + 𝑖 &
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If... It means... Then...

NPV > 0 the investment would add 
value to the firm the project may be accepted

NPV < 0 the investment would subtract 
value from the firm the project should be rejected

NPV = 0
the investment would neither 
gain nor lose value for the 
firm

We should be indifferent in the decision 
whether to accept or reject the project. 
This project adds no monetary value. 
Decision should be based on other 
criteria, e.g., strategic positioning or 
other factors not explicitly included in 
the calculation.
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• Draw the cash flow:

0     1       2  …        20 21     …       75

TC

CC OC OC OC

MC

OC OC

DC
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• Two options:
q Parametric Analysis Tool (PAT)
q OpenStudio Measure tab



PARAMETRIC ANALYSIS TOOL (PAT)
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https://www.youtube.com/user/NRELOpenStudio/videos

How many of you have watched any videos related to OpenStudio?

https://www.youtube.com/user/NRELOpenStudio/videos
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• Useful links:
q https://www.youtube.com/watch?v=3rmElK_OB28

q https://www.youtube.com/watch?v=4g5nJzDoh58

q https://www.youtube.com/watch?v=9WgUhiJ785I

q https://www.youtube.com/watch?v=0llNfGNe5x0

https://www.youtube.com/watch?v=3rmElK_OB28
https://www.youtube.com/watch?v=4g5nJzDoh58
https://www.youtube.com/watch?v=9WgUhiJ785I
https://www.youtube.com/watch?v=0llNfGNe5x0
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• Useful instructions:

https://nrel.github.io/OpenStudio-user-documentation/reference/parametric_analysis_tool_2/

https://nrel.github.io/OpenStudio-user-documentation/reference/parametric_analysis_tool_2/
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• You can download it form here:

https://github.com/NREL/OpenStudio-PAT/releases

https://github.com/NREL/OpenStudio-PAT/releases
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• You can define measure alternatives:
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• Those who are interested in automated calibration or 
coding (Optional)

https://github.com/NREL/OpenStudio-PAT

https://github.com/NREL/OpenStudio-analysis-spreadsheet

https://github.com/NREL/OpenStudio-PAT

https://github.com/NREL/OpenStudio-PAT
https://github.com/NREL/OpenStudio-analysis-spreadsheet
https://github.com/NREL/OpenStudio-PAT
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• You can also use the OpenStudio App


