
 
 

 

 

Energy Conservation Measures for Buildings:  

A Replacement Analysis 

 
Mitra Amini, Larry Ball, Fredy Gomez, Bahar Saatchi, Mike Uffelman 

 

    

The Oregon Trail Building 

 

ETM535/635: Advanced Engineering Economics 

Fall 2011:  Dr Dryden 

Team Chester 

 

 

 



ECMs for Buildings  

A Replacement Analysis  

12/09/2011 

 

Page 2 of 24 

 

Table of Contents 

                               Page 

 

Abstract           3 

 

Part I:  Introduction          3 

 Purpose of the Replacement Analysis       3 

 Desirability of Upgrading the Existing HVAC Systems     3 

 PAE Energy Study          3  

Part II:  Replacement Analysis          6 

 Replacement Analysis Objectives       6 

 Methodology          6 

 Analysis          9 

Part III:  Discussion of Analysis Results & recommendation      13 

 Discussion of Analysis Results        13 

 Recommendations          13 

Part IV:  Future Study          13 

Part IV:  References          13 

Part V:  Appendix          15 

 Appendix 1:  PAE Energy Study        15 

 Appendix 2:  PAE Opinions of Probable Construction Costs Addendum   16 

 Appendix 3:  ECM Depreciation Calculations       18 

 Appendix 4:  ECM Total Marginal Cost Calculations      21 

 Appendix 5:  ECM Benefit Cost Ratio Calculations      24 

 

 

 

 

 

 

 



ECMs for Buildings  

A Replacement Analysis  

12/09/2011 

 

Page 3 of 24 

 

 

Abstract  

This paper conducts a Financial Replacement Analysis for the Heating Ventilating and Air Conditioning 

(HVAC) Building Systems for the Oregon Trail Building.  Data was based on an Engineering Consultants 

Energy Study Report, which examined five HVAC replacement Energy Conservation Measures (ECMs) 

created to reduce building HVAC operating costs.   

Utilizing a Financial Replacement Analysis Methodology, two of the ECMs were disqualified for 

selection and three ECMs were selected.  The three selected ECMs were ranked in order of preference 

based on the results of the Replacement Analysis.  The Replacement Analysis Methodology utilized Total 

Marginal Cost, Benefit Cost Ratio and Incremental Benefit Cost Ratio. 

I. Introduction  

Purpose of the Replacement Analysis 

This purpose of this study is to determine the financial feasibility of upgrading the Heating Ventilating 

and Air Conditioning (HVAC) Systems for the Oregon Trail Building, a Chester Company property.  The 

Oregon Trail property is a seven story, 100 year old building located in downtown Portland.  Its primary 

revenue stream is from the leasing of 60,000 square foot (sqft) commercial office space.  The building 

existing HVAC Systems are past their service lives and have been depreciated to zero, with no salvage 

value.   

Desirability of Upgrading the Existing HVAC Systems 

Upgrading the existing HVAC systems will improve the marketability of the commercial office spaces, 

by improving client comfort.  As a whole, the existing HVAC systems are functional and well 

maintained.  Building energy use as expressed as energy cost to the Owner could be reduced by upgrading 

various HVAC system components.  Seeking to improve client conform and reduce energy costs, the 

Chester Company commissioned an Energy Study [1] from PAE Consulting Engineers,  Portland 

Oregon., which was delivered in February of  2000 with an addendum for Opinions of Probable Costs [2] 

revisions received in June of 2000. 

PAE Energy Study 

The primary purpose of the Energy Study was to identify and document specific HVAC System Energy 

Conservation Measures (ECMs), which could be implemented to reduce energy costs.  The ECMs 

upgraded or replaced existing HVAC systems at the property.  

The secondary purpose of the Energy Study was to determine the simple payback of each ECM, based on 

Energy Savings and Opinions of Probable Construction Costs for the upgrades.  And finally, the Energy 

Study provided documentation for the Oregon Department of Energy Business Energy Tax Credit 

(BETC) program and for other Energy Efficiency Programs that provide financial incentives for Energy 

Conservation.  See Appendix 1 for the PAE Energy Study Report.   
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PAE Proposed Energy Conservation Measures (ECMs) 

Table 1: Summary of Proposed ECMs [1] 

 

 

ECM 1 – High Efficiency Natural Gas Fired Condensing Boiler [1] 

ECM 1 proposes is to replace the existing steam boiler with a high efficiency condensing hot water boiler. 

The existing cast iron boiler is powered by natural gas and has a heat exchanger.  The replacement will be 

a more efficient gas fired hot water condensing boiler.  Condensing boilers utilize the heated water vapor 

produced as a byproduct of natural gas combustion while non-condensing boilers lose the heated water 

vapor through exhaust.  The older cast iron boiler is by nature of a less energy efficient design.  

This ECM is projected to yield annual savings of -5425 kWh in electricity and 12,242 therms in Natural 

Gas savings with annual energy cost savings of $7366.  The capital cost is $84,730 with a 12 year simple 

payback estimate.  With a 35% BETC rebate, the capital cost would be reduced to $55,075 and the simple 

payback would be 7.5 years. 

ECM 2 – Replace the Heat Pumps with VAV System and Air Cooled Chiller [1] 

This ECM proposes to replace the 4
th
 5

th
 and 6

th
 floor water source heat pumps with a new air handling 

unit.  It would also include new variable air volume (VAV) terminal units and install an additional air 

cooled chiller in the 7
th
 floor mechanical well.  This ECM would replace the existing cooling tower and 

chillers.  This ECM will feed the new air handling unit (AHU) and serve the existing air handlings units.  

This system serves not only the 4
th
 5

th
 and 6

th
 floor, but also serves the basement, 1

st
, 2

nd
, and 3

rd
 floors. 

The air cooled chiller would also be easier to maintain and control than the current cooling tower and 

existing two chillers. 

This ECM is projected to yield annual savings of 220,765 kWh in electricity and -5611 therms in Natural 

Gas savings with annual energy cost savings of $9,953.  The capital cost is $443,475 with no payback. 

ECM-3 Replace Penthouse Multizone Unit with a New Air Handling Unit and VAV System [1] 

 This ECM will replace the 7th floor constant volume multi-zone air handling unit (AHU-3) with a new 

air handling unit and new VAV terminal units.  The constant volume multi-zone unit mix hot and cold air 

to attain the desired air temperatures to the 7th floor.  This is an inefficient process and efficiency will be 

increased with a new air handling unit and new VAV units.  The new VAV air handling unit and new 
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VAV terminal units will draw low pressure steam from the boiler to heat the 7th floor.  This ECM will 

also retain the existing condensing unit serving AHU-3 to provide cooling.   

This ECM is projected to yield annual savings of 28,106 kWh in electricity and 4220 therms in Natural 

Gas savings with annual energy cost savings of $4,165.  The capital cost is $116,696 but has a payback of 

28 years making the payback calculation negligible.   

ECM 4 – Upgrade 3rd Floor Multizone Unit with Variable Speed Drives & VAV Thermafusers [1] 

This ECM will upgrade the 3rd floor constant volume Multizone unit with variable speed drives (not 

constant volume) and VAV Thermafusers.  Thermafusers allow for variable volume air discharge to a 

space (again, not constant).  They are not as expensive as VAV terminal units but also do not offer as 

much controllability.  The constant volume multi-zone units are not as efficient as variable HVAC 

techniques.  This is because they use energy to heat and cool to two extremes then mix the air to the 

desired temperature.  The VAV Thermafusers will heat or cool then vary the volume of air to meet the 

heating or cooling requirements of the space. 

PAE noted that even though this ECM replaces the existing constant volume multi-zone air handler with a 

VAV handler with VAV terminal units, the air economizer capacity will be unchanged.  PAE also notes 

that additional improvements could be made by installing a day lighting system with dimming ballasts 

and occupancy sensors.  

This ECM is projected to yield annual savings of 71,152 kWh in electricity and 9,826 therms in Natural 

Gas savings with annual energy cost savings of $9,517.  The capital cost is $44,330 with a simple 

payback of 5 years. With a 35% BETC rebate, the capital cost is %28,815 with a simple payback of 3 

years. 

ECM-5 Upgrade Basement Dual Duct Constant Volume System with Variable Speed Drives and VAV 

Air Distribution System [1] 

This ECM applies to the basement and 1st floor.  It would install variable speed drives in the air handling 

unit and incorporate dual duct variable air volume terminal units in the existing framework of the setup. 

 The current AHU is a constant volume dual duct unit, which is energy inefficient and no longer allowed 

by current Energy Codes for new construction.  The dual duct system mixes previously heated and cooled 

air streams to produce a desired discharge temperature, making this type of system inherently inefficient. 

On the contrary, VAV systems with variable speed drives are inherently more efficient.  VAV systems 

also allow the use of an air economizer, which would vastly improve system efficiency.   PAE also 

recommends installing a day lighting system which includes dimming ballasts and occupancy sensors. 

This ECM is projected to yield annual savings of 115,611 kWh in electricity and 9,323 therms in Natural 

Gas savings with annual energy cost savings of $10,972.  The capital cost is $91,965 with a simple 

payback of 8 years.  With a 35% BETC rebate, the capital cost is 59,780 with a simple payback of 5 

years. 
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PAE Energy Study Results: 

Table 2: Energy Study Annual Saving & Simple Payback [1] 

 

The study concluded that ECMs 1, 4, 5 and R, a combination of ECM 1, 4 & 5, were feasible based on a 

simple payback period of less than 25 years.  See Appendix 1, PAE Energy Study, for a detailed 

discussion of Study results. 

Comments Regarding the PAE Energy Study 

While the study was executed ten years ago, it provides useful data for decision making and in obtaining 

Green Financing.  The need to upgrade HVAC performance still exists at the Oregon Trail Property.  The 

study indicated that ECM 1, 4 and 5 are most likely to be feasible economically.  However, the simple 

payback method does not allow for the time value of money, depreciation, inflation, taxes and other 

important variables.  It simply calculates payback based on construction (project) costs versus annual 

energy savings.  Therefore, a Replacement Analysis was conducted by the Chester Company Staff to 

determine the benefits & costs to the Chester Company. 

II. Replacement Analysis  

Replacement Analysis Objectives 

Chester Company Management directed the Chester Financial Team to conduct a Replacement Analysis 

for the Energy Conservation Measures proposed by the PAE Consulting Energy Study to replace existing 

HVAC systems at the Oregon Trail Property.  The stated objective of the Analysis was to evaluate each 

ECM for Financial Feasibility and to rank the feasible ECMs.  The Recommended combined ECM was 

excluded from the Analysis.  Existing data from the Energy Study was to be utilized. 

Methodology  

Replacement Analysis Procedure 

Since the study focused on technology replacement, a Replacement Analysis methodology was used.  The 

following process was used: 

1. Determine Total Marginal Cost (TC) for each Alternate (ECM). 

2. Select candidate ECMs for further analysis based on a comparison of the Baseline (existing) 

HVAC Total Cost versus the ECM HVAC Total Cost.  Those ECMs with Marginal TC less than 

1 are disqualified.  ECM Marginal TC values less than 1 have higher Total Costs than the 

Baseline (existing) system Total Costs.  
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3. Calculate the Benefit-Cost ration for the selected ECMs and disqualify those ECMs whose B-C 

ratio is less than one. 

4. Rank the finalist selected ECMs by the Incremental Benefit Cost Analysis method.  Selected 

ECMs are ranked from lowest cost to highest cost.  A do nothing option with cost of zero (the 

defender) is compared against the lowest cost ECM (the challenger).  If the incremental B-C ratio 

is greater than one, then the challenger becomes the defender in the next comparison against the 

next least costly ECM.  The process is repeated until all ECMs are ranked. 

Total Marginal Cost (TC) [3] 

Total Marginal Cost (TC) is calculated for each HVAC Alternate.  The governing equations for 

determining TC are as follows:   

   (  )                         

       

                          

                             

              

All TC values are brought back to Present Worth (PW).  

Depreciation  

For all the alternates under consideration, a GDS Depreciation for a twenty year service life is used.  The 

150% Declining Balance (DB) method was proscribed, which switches to the Straight Line (SL) method, 

when the SL method provides greater depreciation.  

 

Interest on Capital  

For all the alternates under consideration, Interest on Capital is calculated using a MARR of 10%.   

 

Expenses 

Two expenses were considered for the Analysis:  BETC Rebate and O&M.  Both are calculated as 

negative expenses, as both are savings to each alternate.  O&M Expenses included operating and 

maintenance cost expenses. 

 

ECM Candidate Selection [3] 

TC values for each baseline and ECM are compared for each alternate.  Because the baselines are already 

depreciated to zero and the maintenance costs are assumed to be equivalent for the baseline and the ECM, 

the baseline TC values are assumed to be zero.  

 

 



ECMs for Buildings  

A Replacement Analysis  

12/09/2011 

 

Page 8 of 24 

 

Benefit-Cost (B-C) Ratio [4] 

Benefits and Costs from the Total Marginal Cost (TC) calculations are brought back to Present Worth.  

Benefits included the negative expenses of BETC Rebate and O&M savings.  Costs included 

Depreciation and Interest on Capital.  The Benefit to Cost ratio is calculated for candidate alternates by:  

 

                     
 

 
  
   
   

   

 Incremental Benefit-Cost (B-C) Ratio [4] 

Selected Present Worth Benefits and Costs are compared using the following equation:  

 

                                
     
     

   

Using the procedure previously discussed in the Replacement Analysis Procedure, the ECMs are ranked. 

Input Data 

The following Input Data was utilized: 

1. Project Cost (Capital Investment) for each Alternate (ECM) from the PAE Energy Study 

Opinions of Probable Costs [2].   

2. Annual Energy Consumption (kWh) for each Alternate (ECM) from the PAE Energy 

Study [1].  

3. Annual Energy Savings ($) for each Alternate (ECM) from the PAE Energy Study [1]. 

4. Life in years for each Technology [5].  

 

Assumptions: 

Minimum Acceptable Rate of Return or Cost of Capital (MARR)  

Most experts recommend a discount rate equal to the opportunity cost of capital [6]. The opportunity cost 

of capital is the rate of return on the best alternative investment available. The cost of capital varies from 

one investor and investment to another, which limits its usefulness as a proxy for a general discount rate. 

However, for this study we adopt the recommendation made by Short et al [6].  They recommend a real 

after-tax discount rate of 10% (add in expected inflation to estimate a nominal discount rate) be used 

within the Energy Efficiency and Renewable Energy sectors. Of course, if the analysis concerns a specific 

investor, the discount rate should be based on the investor’s opportunity cost of capital for investments of 

similar riskiness. 

Life of the projects 

Per the engineering literature [5] and expert engineering input [7], all the projects of this study have the 

same life which was calculated for 20 years. This allows us to evaluate and apply the methodologies PW, 

FW or AW using the same number periods for all alternates. 
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Business Energy Tax Credit (BETC) 

The project qualifies for the Oregon Department of Energy Business Energy Tax Credit (BETC) [1].  

BETC allows for a Rebate of 35% of the project costs, eligible over a five year period.  After project 

completion, 10% of the total project cost is rebated at the end of years one and two, and 5% of the total 

project cost is rebated at the end of years three, four and five.   

Salvage Value 

Per the engineering literature [5] and expert engineering input [7] none of the alternatives (technologies) 

has a value after the 20 years of use. Therefore, a Salvage Value of zero will be assumed at the end of the 

life of the technologies.  

Maintenance Costs 

Maintenance costs for the Baseline (existing) and ECM conditions were assumed to be equivalent for 

each Alternate.  In the case of Alternate (ECM) Two, this was not strictly true.  The maintenance cost 

difference for a water cooled chiller (Baseline) versus an air cooled chiller system (ECM) are estimated to 

be in the in the order of magnitude of several thousand dollars per year.  However, to make ECM 2 

selectable, the maintenance savings would have to be approximately $28,000 per year.  Therefore the 

assumption of assumption of equivalent costs for ECM 2 has no impact on the Analysis outcome.    

Financial Evaluation 

All dollar calculations are based on FY 2000 dollars.  All costs and benefits are calculated as Earnings 

Before Income Tax (EBIT) per Chester Company Accounting Department direction. 

Independence of Alternates (Energy Conservation Measure) 

All alternates (ECMs) are independent projects.  The combined recommended ECM R was not evaluated.   

Analysis 

Total Marginal Cost Procedure [3] 

GDS Depreciation: Declining Balance (DB) at 150%  Switchover SL 

o Notations: 

B: initial cost; 

D: Total Depreciation 

dk: annual depreciation deduction in year k; 

BVk: book value at the end of year k; 

N: number of service years = 20 years; 

SV: Salvage Value at the end of year 20 = 0; 

 

o Declining Balance (DB) 150%  

R = 1.5 / N = 1.5/ 20 = 0.075 

d1 = B * R  

dk = B * (1-R)
k-1

 * R  1< k    
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BVk= BVk-1 - dk 

 

o SL 

dk = B / (N-k+1) 

BVk= BVk-1 - dk  

 

If dk (DB) > dk (SL) then use dk (DB) as the depreciator.  

If dk (DB) < dk (SL) then use dk (SL) as the depreciator.  

Switchover for this analysis occurs at year eight, therefore: 

          D = ∑     (   )         (         )
 

   
  ∑    

    / (N-k+1)   (         ) 

See Appendix 3 for all ECM Depreciations calculations.   

Interest on Capital 

o Notations: 

i: MARR = 10% 

MVk:  Market Value at period k 

IC = i * MVk 

IC = ∑          (         )
  

   
 

 

See Appendix 4 for all ECM Total Marginal Cost calculations   

Rebate 

o Notations: 

B: initial cost; 

rk: annual rebate percentage of initial cost in year k;        

ER: total amount of rebate after 5 years; 

ER = ∑         (         )
 

   
 

 

Table 3: Rebate Calculation 

 
 

See Appendix 4 for all ECM Total Marginal Cost calculations. 
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O&M Savings 

o Notations: 

Ek: annual operating & maintenance costs in year k;         

Ek: values are equal for all year k for each ECM. 

EO&M: total amount of rebate after 20 years; 

EO&M = ∑     (         )
  

   
 

 

See Appendix 4 for all ECM Total Marginal Cost calculations. 

 

Total Marginal Cost Analysis:    

This study applied replacement to omit non-profitable alternatives through 20 years. It assumed 

benefit as a negative cost. So all alternatives with negative total cost are attractive to keep since 

they are beneficial alternatives and the all alternatives with positive total cost are ignored (table 4).  

See Appendix 4 for all ECM Total Marginal Cost calculations. 

 

o Notations: 

TC:  total marginal cost 

TCk: total marginal cost at the end of year k;        

i:  MARR = 10% 

N: number of service years = 20 years; 

MVk: market value at the end of year k;        

Ek: present worth of annual expenses; 

 

TCk (i) = MVk-1 – MVk + ( i * MVk-1) + Ek 

  

TC (i) = ∑   
  
      (       ) 

Table 4: ECM Selection 

 
 

See Appendix 4 for all ECM Total Marginal Cost calculations. 

Benefit Cost Methods [4] 

Benefit- Cost Ratio 

o Notations: 

PW(.): present worth of (.); 
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B: benefits of the proposed project (alternative); 

I: initial investment; 

MV: market value at the end of useful life;   

O&M: operating and maintenance costs; 

 

    
   (                                     )

   (                                      )
  

   (  )     (    )

     (  )
 

 

Table 5: Benefit Cost Analysis Results for ECM 1, 4 & 5 

 
 

ECM1, ECM4, and ECM5 B-C ratios are greater than 1; therefore they are selected for ranking. 

See Appendix 5 for all ECM Benefit Cost Ratio calculations. 

 

Incremental Benefit- Cost Ratio 

 

The incremental B-C ratio procedure [2], is used to rank the selected ECMs.  The procedure first 

ranks the selected ECMs from the lowest PW (cost) to the highest PW (cost) (Table 6) and then 

evaluates the rank order of the ECMs through pair-wise comparison method (Table 7). 

 

Table 6: Rank Alternatives by PW (Cost) 

 
  

Table 7: Incremental B-C Analysis 
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 The results of the Incremental B-C Analysis is to rank the ECMs in the order ECM 4, then ECM 

5, then ECM 1, then do nothing.  ECM 4 would thus be the most beneficial ECM for HVAC 

replacement.  

 

III. Analysis of Results and Recommendations 

Analysis of Results 

There are some factors that should be discussed: 

1. Since the salvage value (Zero), maintenance costs and service lives were equal, calculating the Total 

Marginal Cost was simplified.  If these assumptions were not true, the methodology would have 

remained the same, but the calculations would have been more complex.  Different salvage, 

maintenance costs and service lives might have resulted in a different outcome.  

2. Since all the R values for Depreciation were the same for all evaluated ECMs, the switchover from 

Declining Balance (150%) Depreciation to Straight Line Deprecation occurred in the same years for 

all ECMs.  

3. The Simple Payback Method supports the results of the Replacement analysis. If time for simple 

payback is used as a ranking criterion, then the Simple Payback methods also supports the ranking 

provided by using the Incremental Benefit Cost Analysis Method.  

 

Recommendations 

Based on our financial analysis, ECM1, ECM4, and ECM5 are all financially possible. Besides, 

performing incremental cost-ratio analysis and simple payback method as a support, our analysis suggests 

the below ranking: 

1. ECM4 

2. ECM5 

3. ECM1 

 

IV. Further Study  

Future Replacement Studies might refine maintenance costs for each Baseline and Energy Conservation 

Measure.  Since the execution of the HVAC replacement would occur in the present, Opinions of 

Probable Cost (Cost Estimates) could be revised to reflect inflation specific to the local HVAC Market.   
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Appendix 1:  PAE Energy Study (See Attached PDF) 
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Appendix 2:  Opinions of Probable Construction Costs  
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Appendix 3:  ECM Depreciation Calculations 
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Appendix 4:  ECM Total Marginal Cost Calculations 
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Appendix 5:  ECM Benefit- Cost Ratio Calculations  

 

 


