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Agenda 
Life Cycle Value Analysis 
 
Cooling LCCA Example 
 
Seasonal Boiler Efficiency Debate 
 
Heating  LCCA– Work in Progress 
 
Questions & Discussion 



• Most multi-million dollar decision 
deserve more attention than a back of 
the napkin analysis 
 

• A Net Present Value analysis using Life 
Cycle Cost methodology is the best 
vehicle in obtaining a rational decision 
 

• Many value driven issues must be 
addressed in a more detailed manner to 
highlight all the issues and decision 
parameters – quantitative and 
qualitative (non-quantifiable) 

 
 

Life Cycle Cost Value Analysis 



• Capitol Costs of heating or 
cooling plant and 
interconnection 

• Energy and Utility Costs 
• Operations and Maintenance 

Costs 
 
 

Quantifiable Parameters 

Simpler to put 
prices to these 
items 



• Reuse of space for other purposes 

– Rentable area 

– Roof garden 

• Visual architectural and 
environmental impacts 

– No plume from cooling towers or 
boiler stacks 

• Cost stability 

• Reliable service 

• Less green house gas (carbon) 
emissions 

• Freeing up maintenance staff 

• Sleep at night factor 

 

But how do you 
put a price to 
these items? 

Qualitative or Non-Quantifiable Parameters 



• System reliability & availability 
• Make-up water 
• Only pay for energy used. 
• Water treatment chemicals 
• Refrigerant storage and 

management 
• Maintenance & operations labor 

(quantity, expertise & training) 
• Administration & management  
• Overtime premiums 
• Spare parts & supplies 
• Electricity rates – demand reduction 
• Natural gas rates – firm supply, 

volatility 
• Regulatory compliance and 

emissions reporting 
• Fees, permits & licenses 
• Insurance 

 
 

Additional Items for Consideration 



District Cooling vs. Self Generation Example 
 

• Peak Cooling Load =    2,400 tons  
• Annual cooling load =    6,240,000 ton-hrs 
• Study Period =     25 years 
• Discount rate =     5.5%  
• Escalation rate =    3.5% for all but water/sewer 

which is at 10% per year 
• Sewer Water Charges =    $4/1000 gallons 
• Blended Electrical Rate =    $0.10/kWh 
• Reduced Electrical Rate due to DC =   $0.0875/kWh 
• Operator Salary = $70,720 * 1.4 benefits =  $99,000 
• Cost Insurance =    0.75% of construction cost 

ASHRAE Handbook & DHG/DCG LCCA Example 



Alternative 1 – District Cooling 
 

• Capacity charge =   $285 ($/ton/year) 
• Consumption Charge =   $0.13 ($/ton-hr) 
• Interconnection charge =  $289,500  

(recovered in invoice over 
life of contract) 

 

LCCA Example (Continued) 



Alternative 2 – Electric Centrifugal Plant 
 

• Configuration = (3) 700 Ton Chillers =  2,700 tons 
• Estimated Cost of Chiller Plant =  $8,981,000 
• Percent Financed =    90% 
• Escrow for Chiller Plant Overhaul=  $400/ton/yr 
• Chiller Plant Maintenance =   $6/ton 
• Cost of Water Treatment =   $0.0025/ton-hr 
• Blended Electrical Rate =   $0.10/kWh 
• Annual Chiller Plant Electric Usage = 4,389,950 kWh 
• Annual Makeup Water =   16,181,000 gallons 
• Annual Blow down to Sewer =   3,773,000 gallons 
• Water & Sewer charges =   $8.00/1000 gallons 

 

LCCA Example (Continued) 

What Alternative is the best solution? 



Results: 
• Alternate 1 NPV (District Cooling):  $51,525,000 
• Alternate 2 NPV (Self Generated):  $53,035,200 

 

LCCA Example – Results 

District Cooling has a 25 Year LCC 
Savings of  

$1,510,000!!! 
 

 

 

But don’t get too excited, that is still 
pretty close for 25 year study (2.8%) 

 

 



LCCA Example – Alternative 2 Breakdown 



Boiler Efficiency Studies 

Publications 
• 1994 ASHRAE Journal – Real-World 

Seasonal Efficiency of Gas-Fired Steam 
Boilers (Tim Tierney & Charles Fishman) 

– 14 Building Study on St. Louis Trigen System 

– ASHRAE predicted the combustion efficiency 
of most boilers between 75% and 86% (days 
before condensing boilers) 

– Losses: 

• Age 

• Stack loss 

• Radiation losses 

• Blowdown 

• Too much excess air 

– Maintenance factors 

• Chemical treatment and scale 

 

 
 

 
 
 

Results of study – average 56%!!! 



Boiler Efficiency Studies 

• ASHRAE Standard 155P, Method of Test 
for Rating Commercial Space Heating 
Boiler Systems  

• ASHRAE Research Project RP-1196 
• This effort has been going on for over 

17 years 
• 2004 Journal article stating that the 

project was near completion 
– The research project ran into issues and never 

was fully completed. Its completion is still 
outstanding, however, it has not died yet 

– Effort is ongoing and the standards committee 
still meets at all society meetings 

 
 

 

 

 
 

 
 
 



Boiler Efficiency Studies 

• 2006 Journal article.  
• Mentioned the pending completion of 

Standard 155P (a little premature) 

• Warning on using published boiler 
efficiency for condensing boilers if low 
return water temperatures are not 
achieved.  

 

 
 

 
 
 



Boiler Efficiency Studies 

• Results will be used to support testing 
in ASHRAE Standard 155P 

• PG&E Applied Technical Services (ATS) 
• Phase I of the boiler research at ATS 

was completed in late 2011 in support 
of Standard 155P.  
– Phase I focused on identifying any 

fundamental flaws in the test methodology, 
calculation procedures and report forms.  

– No fundamental flaws were identified but 
several minor flaws and recommendations 
were identified, such as the need to address 
stratification 

• Phase II published in December 2012 
– More of a how to on testing and calculating boiler 

efficiency 

– Boiler tests were conducted on two boilers 
(conventional and condensing) to establish testing 
uncertainties, etc. 

 

 

 
 

 
 
 



Boiler Efficiency Studies 

June 2012 CSE article - Boiler systems: 
Economics and efficiencies 
Engineers can meet a building’s hot water 
needs with today’s boiler systems 
 
Dominic Tabrizi, PE, Environmental Systems 
Design, Chicago 

 
“…the seasonal efficiency, which is the 
overall effectiveness of the boiler over 
the entire season, for today’s 
noncondensing boilers is roughly at 70% 
to 75%, compared to 84% to 92% for new 
condensing boilers.” 

 

 
 

 
 
 



• Need a similar LCC analysis for 
district heating comparison 
– Spreadsheet was started, then stopped 

 
• Similar to the cooling model, it 

requires additional real world 
information from district energy 
providers 
 

• Continue research & support of 
real world boiler efficiency 
studies 
 

Next Steps???? 



Questions & Discussion 
 



Thank You! 
 


