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ABSTRACT—Sustainability has been heightened to a new level of importance, due to the 
current global race for commodities and conservation of our environment. Buildings are of 
particular interest since they are significant contributors to consumption of resources. Since the 
inception of the LEED (Leadership in Energy and Environmental Design) rating system, there has 
been a constant increase in the number of LEED certified buildings “green” buildings. Do green 
buildings truly provide financial benefits? What framework needs to be in place and followed to 
gauge these benefits? 
 
 This paper focuses on the creation of a framework for the life cycle cost assessment of 
sustainability features in the areas of mechanical, electrical, and plumbing components; further 
subdivided into “green” and “non-green” base construction, consumption, operations and 
maintenance costs to generate percent savings or percent added cost. The findings of the 
research were also compared to leading researchers in the field of costs of building green.  A 
case-study was researched based on a recently designed and constructed dormitory, awarded 
LEED-Gold Certification, of a major higher education institution.   
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Introduction 
As the global population and demand increases; the depletion of our resources has started to 
have economic ramifications, resulting in scarcity of resources and increases in commodity 
costs. Buildings are the largest contributors of energy consumption and pollution of our natural 
environment. Buildings are the source of 40 percent of CO2 emissions in the United States, 
higher than any other country excluding mainland China [5].  Buildings currently account for 80 
percent of electric expenditures and 72 percent of all electricity consumption in the United 
States [2]. Based on the United States Green Building Council (USGBC), buildings account for: 39 
percent of energy use, 40 percent of raw materials use, 30 percent of waste output (136 million 
tons annually), and 12 percent of potable water consumption [9].  
 
If each building reduced its consumption and carbon footprint overall such reductions can have 
significant impacts. In recent years, “Green” (sustainable) buildings have gained popularity, to 
address these environmental and commodity consumption concerns. Clients have always been 
cost aware but recently with the trend of incorporating sustainable high performance features 
in buildings; owners are interested to know what financial benefits they can reap from such 
adoptions.  
 
Energy consumption and  operations and maintenance is especially an area of interest as over 
the life of the building it is these costs that are the largest contributors to overall costs. Clients 
who want to employ sustainable design and construction practices are also interested to know 
whether their potential higher initial construction investment will be and does it make 
economic sense. So how can this information be provided to the stakeholders? This paper will 
examine a framework developed to carry out the economic analysis process, indicating what 
inputs are to be studied and tracked to both make the case for green buildings; and provide 
owners with a method, which can be employed to measure its benefits or added costs. 
The case that was analyzed was a green dormitory facility of a leading academic institution, 
15,088 square meters housing 232 students.  
 
Life cycle cost analysis of building components are already being adopted by some clients. In 
the future institutions such as the USGBC will require them as part of the LEED accreditation 
process. Currently they are being piloted by the USGBC and clients whom incorporate this pilot 
credit are awarded an innovation point (category within the LEED rating system). 
 
 Owners who have a vested interest in their facilities will want to know where they are realizing 
benefits, when adopting high performance technologies in their facilities; and what their added 
initial construction costs will be.  
 
Many higher education institutions are updating their facilities, or building new ones to 
accommodate future generations of students and their growth plans. It only makes sense to 
provide clients with the accurate and pertinent information they will require to do so 
efficiently.  Service providers must be able to provide clients with a framework of what must be 
undertaken to be able to provide services such as facility inventorying, energy auditing and 
performance benchmarking.  
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The objective of this research was to explore the life cycle cost analysis (LCCA) aspect of 
“green” investments. The objective of the methodology was to identify key data and create a 
framework for the collection of the various inputs required to run an LCCA. Focusing on the 
various components of interest in this research, “green” and “non-green” electrical, mechanical 
and plumbing (water) values were generated. This methodology resulted in inputs of base 
construction, consumption, operations & maintenance costs and mapping of an LCCA 
framework. The framework also resulted in whether or not building a sustainable “green” 
building actually provided any financial benefits in savings and consumption of electricity, gas 
or water; and whether the operations and maintenance costs were in fact decreased or if they 
were higher in nature. The study focused on quantitative metrics looking at base construction 
costs identified as green (sustainable construction) and non-green (traditional construction), 
consumption costs of electricity, water and gas in both green (with sustainable features) and 
non-green (if the project was to be designed in the traditional methods) and the operations and 
maintenance costs of the sustainable building as compared to two other similar dormitory 
buildings which were designed and constructed using traditional means and methods. 
 
 
Methodology: 
Framework of Life Cycle Cost Analysis Inputs 
Life cycle cost analysis (LCCA) incorporates the total cost of constructing and operating a 
building over a selected time period or life of a building. There are various qualitative and 
quantitative components that can be used in an LCCA, referred to as inputs for our purposes. To 
establish a point of comparison between the green dormitory, and a non-green dormitory 
facility various inputs were used in the LCCA. Figure 1-LCCA Framework outlines the series of 
inputs used in this analysis to generate a comparative cost basis. The first tier of inputs 
including the Green (Sustainable) and Non-Green (Traditional Construction) inputs are 
subdivided into various other inputs: construction, operations and maintenance, and 
consumption costs. These inputs are further sub-divided into mechanical, electrical and 
plumbing (water) inputs. 
 
In order to run this analysis a building lifespan and discount rate were selected to reflect 
current market trends and validity of the analysis. Further definition is provided below as to 
these parameters. To account for potential changes and uncertainty sensitivity analysis can be 
undertaken of the parameters using different discount and escalation rates.  
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Figure 1-LCCA Framework 

 
Adjustment Factors 
In the preparation of inputs various adjustment factors were required to establish an 
appropriate baseline for the costs to be applied in the LCCA. Escalation and de-escalation 
factors were used to establish a uniform timeline to July 2009. This timeline was selected due 
to the information received from the institution’s facilities department on the utilities billing 
cycle. Location and size factors were used to modify RS Means pricing, in order to reflect 
appropriate costing and size comparison conditions. In some cases a need for cost 
neutralization was seen, therefore unit prices were neutralized to the unit pricing per measure 
of commodity the institution paid in order to allow for a true comparative analysis of 
benefits/costs. In using client data it is imperative that adjustment factors and values are on the 
same timeline and are selected appropriately to ensure apples to apples comparison. 
 
Discount Rate 
To find the present worth of future financial benefits or costs discounting was applied at a rate 
of 7% accounting for the time value of money [5]. Since the discount rate is the investor’s 
opportunity cost of money over time and minimum acceptable rate of return this percentage 
may vary depending on the investor and current market conditions.  For the purposes of this 
study a value of 7% was selected. The discount rate is the combination of the real interest rate 
plus the rate of inflation. When this study was performed the real discount rate for a 20 year 
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investment was 2.7%and 2.9% for 2009 [7]. Based on the CIA fact book the projected inflation 
rate was -0.3% with 3.8% inflation rate in 2008 [3] [4]. The 2008 inflation rate was selected of 
3.8% and the real discount rate of 2.9% resulting in a total discount rate of 6.7% in line with the 
7% selected discount rate.  
 
Escalation and De-Escalation Rates 
Based on industry standards and publications such as Global Insight and private industry 
journals an escalation and de-escalation rate of 6% was used. This rate may vary quarterly 
depending on market conditions and supply/demand of various resources. Escalation and de-
escalation factors were compounded and arrived at using the standard compounding formula.  
 
Neutralization 
In the case of the electrical unit pricing and natural gas unit pricing there were discrepancies in 
the various unit pricing costs realized by the actual versus the various design cases used in the 
LEED submittals by the designers. The LEED template unit costs differed from those realized by 
the institution; therefore the costs were neutralized to reflect the unit pricing paid by the 
owner to the various utility companies. This was done to project a real world scenario 
comparative case cost analysis.  
 
Location and Size Factors 
In the development of the Green and Non-Green construction costs RS Means SF Cost Guide 
2010 was used to develop some of the comparative data [8]. The national averages provided in 
the RS Means Square Foot Cost Guide were adjusted for location using the weighted average 
for the location of the institution. To adjust for sizing discrepancies the Square Foot Project Size 
Modifier was applied.  
 
Building Life 
In the case of selecting a time frame for analysis it is imperative the owner has realistic 
expectations of the life of the building. In this case the life has been assumed to be forever, 
since academic institutions are less likely to sell their assets. A 25-40 year assumption is typical 
for a building that is to last forever. In this analysis a 25 year period was assumed [1].  
 
Framework of Construction Costs 
Based on the LCCA Flowchart a series of inputs in the analysis are the Green and Non-Green 
construction costs. To establish these costs information received from the builder was adjusted 
using various factors discussed in the previous section to reflect the conditions for this analysis 
and framework development.  
 
Green and Non-Green Costs 
The dormitory base construction costs were provided by the builder and used in the 
establishment of comparisons between the base Green costs and the Non-Green costs. The 
construction costs provided were escalated and add-ons allocated to capture an “All-In” cost of 
construction. The work breakdown structure (WBS) of the construction cost estimate provided 
by the builder reflected pricing per bid package. A “Guaranteed Maximum Price (GMP)” cost 
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and a “Current Amount (CA)” cost was provided. These costs were adjusted and below the line 
items allocated to provide the “All-In” cost of construction. The below the line items added an 
additional 14.99% and 16.13% respectively to the GMP and CA. The reason for this differential 
in the add-ons was due to an increase in “CM Contingency Amount” from the original GMP 
costs. The allocated CA costs of the mechanical and electrical portions were isolated and 
compared to the RS Means mid-size (4-8 floors) high-end (3/4 percentile) dormitory mechanical 
and electrical square meter costs. The cost per bed and dormitory square meter costs were also 
compared to provide a ballpark sense of how much more was spent. This analysis generated 
the base Green and Non-Green construction cost inputs in the LCCA.  
 
Framework of Consumption Costs 
To generate the series of inputs required for yearly commodity consumption costs, three 
components mechanical, electrical and plumbing were analyzed. Green and Non-Green costs 
were developed for these three parameters for the purposes of this analysis. 
 
Green and Non-Green Costs 
Mechanical and Electrical Costs 
The mechanical portion of the consumption costs were derived based on Energy and 
Atmosphere Credit 1 LEED Template developed by the designers, submitted to the USGBC for 
LEED certification. Based on this document the Baseline Design Case (BDC-non green) 
consumption and Proposed Design Case (PDC-green) consumption was extracted and used in 
the analysis. The unit pricing was neutralized to reflect the owner’s special billed rates. The 
actual case consumption was provided by the owner’s Facilities department. Consumption 
energy use and costs were compared and used as inputs in the LCCA. 
 
Water Costs 
The water (plumbing) portion of consumption costs were derived based on Water Efficiency 
Credit 3 LEED Template developed by the designers for LEED certification. Based on this 
document the BDC (non-green) consumption and PDC (green) consumption was extracted and 
used in the analysis. The unit pricing was already neutralized to reflect the owner’s billed rates. 
The actual case consumption was provided by the owner’s Facilities department.  
 
Framework of Operations and Maintenance Costs 
The maintenance costs were compiled from information provided by the owner’s facilities 
department looking at the major mechanical, electrical and plumbing works. O&M information 
was gathered for the sustainable building in question. Two other similar use non-green 
dormitory buildings were also used to compare the sustainable building to. The data for the 
comparative same-use buildings was adjusted for size. The owner’s facilities department 
provided total costs for the operations and maintenance of the various facilities which were 
then analyzed in terms of dollars per square meter and dollars per student. The data was 
compared to indicate if there was a percent savings or added cost in operating and maintaining 
a green building. 
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Results  
Construction costs 
Green and Non-Green Costs 
A comparison of the ¾ percentile of RS Means’ dormitory facilities to the sustainable dormitory 
yielded the following results indicated in Table 1-Construction Costs [8]: 
 
Type of Comparison RS Means Dormitory Facility Comparison 
Dormitory-$/SM $2,336.20/SM $2,483.45/SM Owner’s Costs were 

5.9% higher 
Per Bed Total Cost $110,539.93/bed $161,507.38/bed Owner’s Costs were 

31.6% higher 
Electrical-$/SM $233.58/SM $206.67/SM Owner’s Costs were 

13.02% lower 
Mechanical & 
Electrical-$/SM 

$874.68/SM $702.78/SM Owners Costs were 
24.46% lower 

Table 1-Construction Costs 
 
In Non-Green construction the mechanical and electrical costs encompass 37.50% of the total 
cost; in the case of the dormitory facility this was a total of 27.97%. Interpolating between the 
percent of total costs and adjusting for the percentage decrease in the owner’s expenditure for 
mechanical and electrical items the owner paid roughly $0.57 on every $1.00 that was spent in 
a Non-Green application on mechanical and electrical items. The total cost per bed comparison 
indicated a much higher percent added cost of 46.11%, but based on the square foot cost the 
percent added cost was 5.9%.  The cost per bed seemed unusually high and this differential 
could be due to scope differences between the dormitory facility and RS Means’ data.  
 
Based on the dormitory (Current Amount) square meter costs, the facility is 5.90% higher in 
cost, indicating that for every $1.00 that was spent in traditional construction the owner spent 
$1.06. The green premium (added cost for building “green”) based on the results indicated 
above is $147.25 per square meter (5.9%). A leading researcher in the area of costs and 
benefits of green buildings, Gregory Kats, performed a study on the costs and benefits of 
building green offices and schools (constructed between 1994 and 2004) for the California 
Sustainable Building Task Force [5]. One of the findings indicated that the green cost premium 
ranged from 0.66 to 6.5 percent of the total cost of the facility. Based on the LCCA research 
presented herein, 5.9% falls within that range. Clients want to know how much added initial 
costs are associated with building sustainable buildings and this method provides them with the 
ability to track and measure these costs. Creating a historical database is also helpful in 
providing clients with the necessary information needed to estimate their initial added 
construction costs to build green. 
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Consumption Costs: Green and Non-Green Costs 
The consumption costs indicated in Table 2-Neutralized Consumption Unit Pricing, were 
extracted from the LEED Template data filed with USGBC: Energy and Atmosphere Credit 1, and 
Water Efficiency Credit 3: Water Use Reduction. 
 

Input Type of 
Energy 

Unit of 
Measure 

LEED 
Template 

U/P 

Owner’s Price 
U/P 

Other 
U/P 

Selected 
U/P 

Mechanical Natural Gas Therms $1.30 $0.23 (Nstar 
Gas) 

N/A $0.23 

Electrical Electricity kWh $0.14 $0.13 (National 
Grid) 

$0.16 $0.13 

Table 2-Neutralized Consumption Unit Pricing 
 
Mechanical Costs 
The baseline design case (BDC) and proposed design case (PDC) projected an annual energy 
usage (natural gas)  of 76,641.20, and 42,803.90 therms respectively; providing a percent 
savings of 44.15%. In the actual case (AC) the sustainable dormitory facility residents consumed 
33,665.00 therms, with a percent savings of 56.07% to the BDC and 21.35% to the PDC in costs 
and energy use.  
 
Based on a detailed view of 60 LEED rated buildings, green buildings result in a 25%-30% savings 
in energy, compared to non-green buildings [6].  Comparing the sustainable dormitory building 
to this range the building fell short by 3.65%. Even though the owner experienced lower 
savings, they still saved $0.11/SM/year.  Table 3-Mechanical Consumption Costs, below 
indicates the percent savings metrics per year. 
 
Case Comparison Percent Savings Comments Savings/yr 
AC v. BDC 56.07% BDC was 56.07% higher $0.65/SM/yr 
AC v. PDC 21.3% PCD was 21.35% higher $0.11/SM/yr 

Table 3-Mechanical Consumption Costs 
 
Electrical Costs 
The baseline design case (BDC) and the proposed design case (PDC) projected an annual 
electricity consumption of 2,606,107.80 and 2,076,781.60 kWh respectively generating a 
percent savings of 20.31%. In the actual case (AC) the sustainable dormitory residents 
consumed 1,102,800.00 kWh, a 57.68% savings to the BDC and 46.90% savings to the PDC in 
costs. Comparing the sustainable dormitory to industry range indicated above of 25%-30%, the 
owner surpassed it by 16.90%.  
 
46.90% is a substantial percent savings above the 25%-30% range, resulting in $8.72/SM/yr in 
savings.  Table 4-Electrical Consumption Costs, indicates the percent savings metrics per year. 
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Case Comparison Percent Savings Comments Savings/yr 
AC v. BDC 57.68% BDC was 57.68% higher $13.45/SM/yr 
AC v. PDC 46.90% PCD was 46.90% higher $8.72/SM/yr 

Table 4-Electrical Consumption Costs 
 
Water Costs 
The baseline design case (BDC) and the proposed design case (PDC) projected an annual water 
consumption of 9,079.5 CM/yr and 6,275.32 CM/yr respectively, generating a 30.89% percent 
savings in consumption. In actuality the sustainable dormitory residents consumed 12,368.64 
CM resulting in a 36.26% underestimation to the BDC and 97.15% underestimation to the PDC. 
  
This analysis resulted in no percent savings but percent added costs; a finding not supported by 
the claims of the USGBC and the work of Gregory Kats. Table 5-Water Consumption Costs, 
indicates the percent added cost metrics per year. 
 
Case Comparison Percent Savings Comments Savings/yr 
AC v. BDC -36.26% BDC was 36.26% lower $0.54/SM/yr 
AC v. PDC -97.15% PCD was 97.15% lower $1.08/SM/yr 

Table 5-Water Consumption Costs 
 
Based on further investigation of the unusually high water consumption; it was found that the 
sustainable dormitory actual water consumption included values excluded from the LEED 
template calculations. The LEED template calculations did not include: HVAC make-up water, 
washing machines, drinking fountains, service sinks (mechanical rooms), mechanical rooms, 
public toilets and wall hydrants (building perimeter and in parking lot). The designer suggested 
that a 20%-30% range reduction factor be applied. An analysis with 25% reduction in the actual 
consumption was generated for a more accurate comparative analysis between the LEED 
assumptions and the Actual Case.  
 
25% Reduction in the Actual Case Consumption Costs: When the Actual Case was reduced by 
25%, the BDC and PDC are still lower in their assumptions and therefore there are no savings 
realized. In the case of the BDC the added cost is too low therefore assumed to be negligible.  
Table 6-Water Consumption Costs, summarizes the percent savings and added cost values 
based on the findings: 
 
Case Comparison Percent Savings Comments Savings/yr 
AC v. BDC -2.19% BDC was 2.19% lower $0.00/SM/yr 
AC v. PDC -47.86% PCD was 47.86% lower $0.54/SM/yr 

Table 6-Water Consumption Costs (25% Reduction) 
 
Summary of the Consumption Costs 
It can be seen that the owner realized savings in the area of electricity and natural gas 
consumption but failed to do so in the area of water consumption. Due to this study along with 
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another one that was undertaken by the designers; the issue is currently under analysis.  
Owners benefit from such tracking and trending mechanism to understand when there is a 
problem and can take steps to remedy the problems. 
 
Operations and Maintenance Costs 
The operations and maintenance costs of the sustainable dormitory for the MEP components 
totaled $4.41 per year per square meter, the average value used for the three years that data 
was provided. The provided data indicated the following costs per year for yearly operations 
and maintenance: $5.27/SM, $4.31/SM & $3.88/SM for the years 2011, 2010 and 2009 
respectively. This indicates an upward trend in the costs spent in operating and maintaining the 
facility. The yearly operations and maintenance costs for the baseline same use comparable 
buildings were as follows: building MH: $4.63/SM/yr, $6.24/SM/yr, $6.03/SM/yr for the years 
2011, 2010 & 2009 respectively and building DH: $12.06/SM/yr, $6.24/SM/yr, $3.44/SM/yr for 
the years 2011, 2010 & 2009 respectively. This indicates a general upward trend in increased 
costs of operations and maintenance per year also in the case of the baseline buildings which 
have no green features. 
 
The baseline cases in this case were buildings MH & DH, these dormitory halls do not have any 
sustainability features however renovated in recent years. They are of similar use but different 
size therefore the information was adjusted to account for this size differential. The sustainable 
dormitory is 2.61 times larger than building MH and 2.81 times larger than building DH. When 
the operations and maintenance costs are increased by the same factor the following can be 
found in Table 7:  
 

Average Cost $/SM Building 
$4.41/SM Sustainable Dormitory 

$14.75/SM Building MH 
$20.45/SM Buildings DH 

Table 7-Operations and Maintenance Average Costs per Square Meter 
 
Based on the table above it can be deduced that the operations and maintenance costs of the 
sustainable dormitory are substantially lower than those of building MH & DH.  
The operations and maintenance costs were 4% of the total costs. Table 8 outlines the various 
percent savings comparing the sustainable dormitory to the baselines buildings discussed 
above. 
 

Comparison of Buildings Percent Saving % 
Sustainable Dormitory to Building MH-7% 25 years 8.59% 
Sustainable Dormitory to Building MH-5% 25 years 11.49% 
Sustainable Dormitory to Building DH-7% 25 years 12.16% 
Sustainable Dormitory to Building DH-5% 25 years 15.59% 

Table 8-Operations and Maintenance Percent Savings 
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Comparing the actual costs (percent of total analysis for the operations and maintenance 
portion) to findings in the work of Gregory Kats it can be seen that the overall O&M fell below 
the standard cost distribution [6]. Typically 5% of the total costs fall within the scope of the 
operations and maintenance in the case of the sustainable building it fell at 4%.  
 
Based on the work of leading researcher in the area of sustainable buildings and cost savings 
the typical O&M costs are 5% and of that 5% there should be a 16% reduction if the building is 
green [6].  In the case of the sustainable dormitory there was a 25% (4% O&M) reduction. 
 
 
Conclusions 
Based on the results it can be seen that creating a framework for owners to both track and 
understand the costs involved with building green can be easily established as long as the 
service provider is able to accurately track the pertinent information. Tracking and monitoring 
such information will provide owners with the historical data required to carry out such life 
cycle costs analyses. Owners may also want to measure and track different metrics which can 
easily be accommodated by the creation of subsystem LCCA runs or overall building LCCA runs. 
 
Based on the research that was carried out the framework provided the client with the ability 
to measure their benefits or added costs through the various energy and operations and 
maintenance parameters that were selected.  
 
In order to effectively carry out such an analysis there has to be a consensus between all 
stakeholders as to what parameters are to be measured and whether or not the data is readily 
available to do so and if not how the data may be organized. Data mining can be a cumbersome 
task and the owners need to have processes in place to ease the process such as bill tracking, 
easily accessible costing information from past projects, and their typical operations and 
maintenance costs. The benefit of this framework is that it is easily translatable between varied 
types of construction and can also be carried out on a more detailed sub-system level if the 
client wishes to do so. 
 
The sustainable dormitory building studied performed within the range of acceptable financial 
and consumption performance for a building with high performing sustainable features. The 
operations and maintenance costs were also acceptable as they were within the industry range 
as outlined by leading researcher [6].  The baseline cases of building MH & DH indicated higher 
spending per square meter to maintain the facilities versus the sustainable dormitory a LEED-
Gold building. These findings fortify the performance of green buildings as compared to their 
non-green counterparts in terms of financial costs and benefits. 
 
Some of the key ingredients in developing the inputs to generate metrics which result in 
trending and performance which should be adopted to run such LCCA analysis are as follows: 
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 Detailed information of the facility in question: Building type/use and characteristics, 
building modifications or potential changes, sources of energy and providers, any 
existing conservation/energy saving measures 

 Tracking of yearly consumption costs and usage (therms, kWh, CM) 
 Inventory of the various MEP building systems (HVAC, Heating Plant details, Cooling 

Plants, lighting systems and controls, renewable energy source or potential) 
 
Creating such an inventory will help owners in ensuring their facilities are efficient and if they 
are not; it provides a roadmap to what needs to be addressed. Of course projects may be 
phased and scored on their level of importance and client requirements. There are many 
resources available to generate quick back of the envelope metrics however as contractual 
language will change to hold designers and constructors to certain agreed upon performance 
standards the ability to track and measure building performance will become key in delivering 
on contractual obligations by service providers and industry professionals and meeting owner 
requirements. 
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