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2.0 Executive Summary 
 

Industrial buildings require a large amount of heating and ventilation 

equipment to maintain the indoor environment within acceptable levels for 

personnel protection and equipment protection.  The required heating and 

ventilation equipment is impacted by the amount of insulation installed in the 

exterior envelope of the building.  This research paper describes a method of 

determining the optimal level of insulation based on satisfying the client or project 

goals by minimizing the up front capital expenditures, minimizing energy use or 

maximizing return on investment.   

 

2.1 Background 

The purpose of this project is to evaluate the exterior insulation 

requirements for buildings with high internal heat gain at power generating 

facilities.  Currently, the majority of the industry provides insulation in 

conformance with the local energy code or doesn’t provide insulation at all.  The 

majority of the energy conservation codes have exemptions for buildings that 

serve a manufacturing or industrial process; therefore, insulation is not required 

by code. 

Eliminating insulation can result in increased ventilation and heating rates 

to maintain the desired space temperature conditions.  By properly selecting the 

insulation values for the exterior walls, while taking into consideration the 

resultant interior surface temperature of the wall (protection of occupants and 
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equipment), and the procurement and installation cost of the required heating 

and ventilation equipment, it is believed the total installed cost of the building can 

be dramatically reduced.  Total procurement cost for ventilated buildings at 

power generation facilities can exceed $3,000,000, with installation costs 

equivalent to or greater than procurement costs.  Reduction of the required 

equipment can have a substantial cost benefit per project. 

 

2.2 Summary of Analysis and Findings 

This paper analyzed a typical building that would occur at a power 

generation facility to determine the optimal mix of exterior insulation and the 

required mechanical equipment to maintain indoor design conditions.   Table 2-1 

summarizes the findings of the study. 

 
Table 2-1 

Alternate Construction Evaluation 
 Base Alternate 1 Alternate 2 Alternate 3 Alternate 4 

Description 

ASHRAE 90.1-
2004, R-19 
Roof, R-12 

Walls 

ASHRAE 90.1-
2007, R-13+R-

13 Roof, R-
13+R-5.6 Walls 

R-30 Roof, R-
19 Walls 

R-5.6 Walls, R-
30 Roof 

R-13 Roof, R-
13 Walls 

Installed Cost $99,400 $107,000 $97,100 $100,000 $96,000 
Annual Energy 
Use $21,400 $19,600 $19,000 $24,400 $22,800 

Payback, years N/A 8 0 Neg Return (5) 

 
 The base case is the outdated energy code requirement for insulation.  

Alternate 1 is the updated energy code requirement for insulation and the 

remaining alternatives were chosen for evaluation to determine which insulation 

system provides for the following three items: 
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 Lowest first cost 

 Lowest annual energy consumption 

 Payback analysis based on energy savings 

 

As shown in the table, Alternative 4 has the lowest installed cost of all of 

the options.  However, it has a negative rate of return overall when compared to 

the base case due to the higher annual energy consumption.  Alternate 1 is the 

updated energy code requirement and has an installed cost that is 4% higher 

than the base case, and 11% higher than the lowest cost option Alternative 4.  

Alternate 1 has an 8 year payback period.  Alternate 3 has a higher capital cost 

and a negative return due to a higher annual energy cost than the base case.  

A typical power generation facility building located in Kansas City, MO 

would have an installed cost 11% higher than the lowest cost option if the latest 

edition of the energy code is followed.   

The model developed as part of the study also results in engineering labor 

cost savings due to a standardized approach to the calculation.  The reduced 

labor is equal to $2,776 per building or $33,312 per project (on average, 

assuming 12 buildings per project), and the total project savings calculated is 

equal to $167,000 when compared to the latest edition of the energy code. 

Thorough evaluation of the design insulation values is required on a 

project specific basis to determine what the optimal level of insulation is based on 

the project objectives.   
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3.0 Introduction 
 

This section of the report provides background information related to the 

need for this research and the expected outcomes.  In addition, a brief discussion 

will address the overall scope and objectives of this research project. 

 

3.1 Background 

This study evaluates the exterior insulation requirements for buildings with 

high internal heat gain at power generating facilities.  Currently the majority of the 

industry provides insulation in conformance with the local energy code, or doesn’t 

provide insulation at all.  The majority of the energy conservation codes have 

exemptions for buildings that serve a manufacturing or industrial process; 

therefore, insulation is not required by code.   

Eliminating insulation can result in increased ventilation and heating rates 

to maintain the desired space temperature conditions.  By properly selecting the 

insulation values for the exterior walls, while taking into consideration the 

resultant interior surface temperature of the wall (protection of occupants and 

equipment), and the procurement and installation cost of the required heating 

and ventilation equipment, it is believed the total installed cost of the building can 

be dramatically reduced.  Total procurement cost for ventilated buildings at 

power generation facilities can exceed $3,000,000, with installation cost 

equivalent or greater than procurement costs.  Reduction of the required 

equipment can have a substantial cost benefit per project.   
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3.2 Scope and Objectives 

The scope of work for this project includes creating an Excel design 

template that will perform an optimization routine to determine the proper 

insulation requirements for the building based on the following design variables 

and constraints: 

 Building envelope components including wall and roof areas, insulation 

values, building orientation and architectural features 

 Design indoor temperatures including summer and winter design 

temperatures 

 Design outdoor ambient conditions including summer and winter extreme 

design temperature and American Society of Heating, Refrigeration and 

Air-conditioning Engineers (ASHRAE) summer and winter design 

conditions 

 Installation and procurement cost for ventilation fans, heating equipment, 

intake and exhaust louvers, intake and exhaust dampers, and building 

insulation 

Additionally, the optimization routine will be able to analyze the inputs 

based on the following economic considerations: 

 Minimizing overall first cost 

 Achieving a specified pay-back period based on an energy analysis 
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 Minimize energy consumption based on a user-input fixed price for the 

building components 

The optimization spreadsheet was used to create a design guide for use 

on future projects.  The design guide allows the engineer to select the 

appropriate parameters based on the following criteria: 

 Indoor heat gain per square foot 

 Envelope area 

 Exterior summer design temperature 

 Exterior winter design temperature 

The optimization model is validated in Section 6.2 of this report to verify 

the output from the model against a typical building. 
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4.0 Literature Review 
 

A brief literature review is included in the following sections.  Relevant 

industry applications are discussed including the limitations of available software.  

In addition, a review of applicable building code requirements is included to form 

the basis of the analysis. 

 

4.1 Existing Analysis Software 

Several programs are available to compute the energy consumption of air 

conditioned buildings and are widely used in the industry.  Some of the 

applicable programs are listed below: 

Trane Air Conditioning Economics (TRACE) 

 Trane TRACE is a widely used software package developed by a 

manufacturer of heating, ventilating and air conditioning equipment to analyze 

building loads.  The below excerpt is from the manufacturer [Trane, 2008]: 

“Trane Air Conditioning Economics, or TRACE™, is a design-and-

analysis tool that helps HVAC professionals optimize the design of a 

building’s heating, ventilating, and air-conditioning system based on 

energy utilization and lifecycle cost. Introduced in 1972, the program was 

the first of its kind and quickly became a de facto industry standard. A 

TRACE model can help establish the peak cooling and heating loads 

during the planning stage of a building project. At the design development 
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stage, it aids evaluation of energy saving concepts, such as the effects of 

daylighting, HVAC optimization strategies, and high-performance glazing. 

Near the end of the construction, when the design is finalized, the TRACE 

model can help document compliance with ASHRAE Standard 90.1-2004 

or validate the building’s eligibility for Leadership in Energy and 

Environmental Design (LEED®) certification.” 

EnergyPlus 

EnergyPlus was developed by the U.S. Department of Energy and is based on 

the backbone of DOE-2. The main difference between DOE-2 and EnergyPlus is 

a graphical user interface to simplify the input of information.  The below 

description is from the U.S. Department of Energy: 

“EnergyPlus models heating, cooling, lighting, ventilating, and other 

energy flows as well as water in buildings. While originally based on the 

most popular features and capabilities of BLAST and DOE-2, EnergyPlus 

includes many innovative simulation capabilities such as time steps of less 

than an hour, modular systems and plant integrated with heat balance-

based zone simulation, multizone air flow, thermal comfort, water use, 

natural ventilation, and photovoltaic systems.” 

DOE-2 

“DOE-2 is a widely used and accepted freeware building energy 

analysis program that can predict the energy use and cost for all types of 
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buildings. DOE-2 uses a description of the building layout, 

constructions, operating schedules, conditioning systems (lighting, HVAC, 

etc.) and utility rates provided by the user, along with weather data, to 

perform an hourly simulation of the building and to estimate utility bills. 

The “plain” DOE-2 program is a “DOS box” or “batch” program which 

requires substantial experience to learn to use effectively while offering 

researchers and experts significant flexibility; eQUEST is a complete 

interactive Windows implementation of the DOE-2 program with added 

wizards and graphic displays to aid in the use of DOE-2.” 

These programs are capable of computing the energy consumption of 

various building types and perform a more rigorous analysis than the 

spreadsheet developed in this project.  However, the above programs are mainly 

geared towards air-conditioned buildings and are have difficulty analyzing 

ventilated buildings.  These programs simply give a total airflow or heating load 

and are not capable of providing cost analysis or sizing individual components.  

In contrast, the purpose of this project is to develop a single tool capably of 

quickly estimating the annual energy use, perform cost analysis and size the 

required equipment.  These programs simply give a total airflow or heating load 

and are not capable of providing cost analysis or sizing individual components. 

4.2 Building Code Review 

The applicable building codes vary by region and should be reviewed on a 

project specific basis.  However, for the purpose of this study the building code 
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used will be the 2006 International Building Code (2006 IBC).  The 2006 IBC 

references the 2006 International Energy Conservation Code (2006 IECC) for 

energy requirements including the applicable building envelope requirements.  

The following is an excerpt from the 2006 IECC: 

 

“501.1 Scope. The requirements contained in this chapter are 

applicable to commercial buildings, or portions of commercial buildings. 

These commercial buildings shall meet either the requirements of 

ASHRAE/IESNA Standard 90.1, Energy Standard for Buildings Except for 

Low-Rise Residential Buildings, or the requirements contained in this 

chapter.” 

 

Typically buildings will be designed to meet the first option given in the 

above paragraph, ASHRAE Standard 90.1, Energy Standard for Buildings Except 

for Low-Rise Residential Buildings.  Section 2.3c of ASHRAE 90.1-2007 states 

the following: 

 

“The provisions of this standard do not apply to buildings or 

portions thereof that use energy primarily to provide for manufacturing, 

industrial or commercial purposes.” 

 

This section gives an exemption for industrial buildings studied in this 

paper.  Generally insulation is supplied according to the minimum recommended 
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values in the standard; however it is not specifically required.  The following 

figure from ASHRAE 90.1 is used to determine the insulation requirements. 

 

Figure 4-1.  ASHRAE 90.1-2007 Climate Zones 

 

This climate zone figure determines the minimum insulation requirements 

for industrial buildings that comply with the required insulation requirements for 

typical buildings.  Each of the six climate zones shown in the above figure have 

different requirements for insulation.  Appendix A includes a sample for climate 

zone 4 (including Missouri).  

As stated previously the purpose of this report is to determine whether the 

minimum insulation values listed in ASHRAE 90.1-2007 should be followed.  

Section 5 of this report will analyze economic and energy usage based on using 

or not using these insulation values. 
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4.3 ASHRAE Handbooks 

ASHRAE publishes four design handbooks that are considered the 

industry norm for design.  Each handbook is updated on a four year schedule.   

The 2009 ASHRAE Fundamentals Handbook details a degree-day method for 

analyzing the annual heating and cooling loads, and states it is applicable even 

though computer programs (such as those listed in Section 4.1) are capable of 

more rigorous computation routines.  This is the basis for using the degree-day 

method of annual energy consumption calculation in the Excel spreadsheet 

developed as part of this report.  The following is an excerpt from Chapter 19 of 

the 2009 ASHRAE Fundamentals Handbook: 

 

“Degree-day methods are the simplest methods for energy analysis 

and are appropriate if building use and HVAC equipment efficiency are 

constant. Where efficiency or conditions of use vary with outdoor 

temperature, consumption can be calculated for different values of the 

outdoor temperature and multiplied by the corresponding number of hours; 

this approach is used in various bin methods. When the indoor temperature 

is allowed to fluctuate or when interior gains vary, simple steady-state 

models must not be used. Although computers can easily calculate the 

energy consumption of a building, the concepts of degree-days and balance 

point temperature remain valuable tools. A climate’s severity can be 

characterized concisely in terms of degree-days. Also, the degree-day 



EMGT 835 
Field Project Report  Literature Review 
 

October 2010 16 Douglas E. Hughes 
 

method and its generalizations can provide a simple estimate of annual 

loads, which can be accurate if the indoor temperature and internal gains are 

relatively constant and if the heating or cooling systems operate for a 

complete season.” 

 

Section 6 of this report will discuss this method in greater detail. 
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5.0 Research Procedure 
 

This section of the report summarizes the procedure used to analyze the 

insulation requirements for industrial buildings with high internal heat gain.  The 

method used to evaluate the insulation requirements and required data is also 

discussed. 

 

5.1 Identification of Required Design Tool 

The objective of this project is to determine the optimal level of exterior 

envelope insulation to satisfy project or client needs.  Typical project budgets do 

not allow sufficient man-hours to do iterative evaluations of exterior insulation 

values and the subsequently required heating and ventilation equipment. For this 

reason a simple to use tool is required that will allow for a minimal amount of 

input time on the part of the engineer to determine the optimal mix of insulation 

and heating and ventilation equipment for a particular building. 

The design tool needs to have the ability to readily identify the following 

based on user input for the particular building: 

 Minimizing overall first cost 

 Achieving a specified pay-back period based on an energy analysis 

 Minimize energy consumption based on a user-input fixed price for the 

building components 
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An optimization model was developed as part of this project to allow for 

the above analysis to be completed.  The development of the optimization model 

is discussed in Section 6 of this paper. 

 

5.2 Data Collection 

The model requires various information regarding building size and 

location to allow for calculation of the required equipment, insulation, energy 

consumption and payback analysis.  To allow for a simple comparison a building 

that was built using standard design practices was used as the model building for 

the analysis.   

Insulation costs were collected from industry standard estimating 

databases to allow for an accurate cost estimate for the various levels of 

insulation.  Heating and ventilation equipment costs were obtained from vendors 

based on the calculated equipment requirements. 

 

5.3 Analysis of Model Output 

After the model was developed and all required information collected the 

model was executed for the subject building.  The analysis determined the mix of 

insulation and mechanical equipment that produced the lowest cost, the lowest 

energy consumption and the highest return on investment. 

In addition to material savings, the project should realize engineering man-

power savings.  The analysis included a determination of the man-hours that 

could be saved for a typical project due to the use of the optimization model.   
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6.0 Results 
 

To properly evaluate the insulation requirements for an industrial building 

with high internal heat gain an optimization tool is required.  This resulted in the 

development of an optimization model that will perform the required analysis.  

This section of the report discusses the development of the model and includes 

an analysis of the model output. 

 

6.1 Development of Optimization Model 

An optimization model was developed to analyze the required insulation 

and mechanical equipment for a typical ventilated and heated building.  The 

following sections discuss the operation of the model and functionality.  

 

6.1.1 Introduction 

A printout of the Excel model is included in Appendix B.  The model 

consists of twenty-two individual tabs to support the functionality of the model 

and has visual basic codes to perform some of the calculation routines.  The first 

tab is called “Envelope Information” and is where the majority of the user input 

occurs.  See Figure 6-1 below for a screen-shot of the envelope information tab. 

The ‘yellow’ cells in Figure 6-1 are for user input.  The physical attributes 

of the selected building are entered such as the dimensions, doors, insulation 

values, and quantity of louvers required.  The other spreadsheet pages pull 

information from this tab.   
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The second tab is the “Design Conditions” tab.  The user is required to 

input the outdoor design conditions, indoor design conditions, interior heat gain 

and location.  Figure 6-2 shows a screenshot of this tab.  The ‘yellow’ cells are 

the user input cells.  The values listed in Figure 6-2 are pulled from the latest 

edition of ASHRAE Fundamentals climatic design information for the location of 

the building. 

 

Figure 6-1.  Envelope Information Screenshot 
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Figure 6-2.  Screenshot of the Design Conditions Tab 

 

The first calculation tab is the “Heating Calc” tab shown in Figure 6-3.  All 

information on this page is pulled from the previous sheets with the exception of 

the quantity of unit heaters required.  After reviewing the calculated heat load and 

reviewing the layout of the building, the user must input the quantity of heaters 

required to provide adequate coverage of the building.  The total heat loss from a 

building is provided by Equation 6-1. 

 

( ) TmcAUAUAUAUq pDDLLRRww Δ×++++=   Equation 6-1 

 

where: 

q  = total heat loss, Btu/hr 
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UW = U-value for walls 

A = Area, ft² 

UR = U-value for roof 

UD = U-value for doors 

m = Mass flow rate of infiltration air, lb/hr 

cp = Specific heat of air 

∆T = Temperature difference indoor/outdoor 

 

 

Figure 6-3.  Screenshot of the Heating Calc Tab 

 

The “Vent Fan Sizing” tab calculates the required ventilation airflow to 

maintain indoor design conditions, and a screenshot is shown in Figure 6-4.   

Seven inputs are required on this page.  The minimum required air changes is 

typically a contract value or industry standard for the type of space being 
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evaluated.  The calculated ‘Total Airflow’ required is the greater of the minimum 

air change rate or the calculated airflow based on solar and other heat loads.  

The solar heat load calculation engine is included in Appendix B.   

 

Figure 6-4.  Screenshot of the Vent Fan Sizing Tab 

 

The airflow required to attain a specific airflow is determined by Equation 

6-2. 

 

V
ACHQ 60×

=     Equation 6-2 
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where: 

Q  = Airflow, CFM 

ACH = Air change rate 

V = Volume 

 

The calculated airflow based on heat dissipation is determined from 

Equation 6-3.   

Tc
qm

p Δ×
=                      Equation 6-3 

where: 

q  = Total heat gain, Btu/hr 

cp = Specific heat of air 

∆T = Temperature difference indoor/outdoor 

 

The resistance to airflow (static pressure drop determination in Figure 6-4) 

automates the calculation of the fan pressure required.  The user sets the 

minimum and maximum allowable velocity through the louver, incremental louver 

sizes and the aspect ratio.  A drop-down menu allows for selection of the louver 

model. 

To allow for automatic calculation of the pressure drop from the various 

components an equation is required for the damper.  Figure 6-5 is a plot of 

various pressure and velocity points from hard copies of vendor data.  This 

information was line-fit with a 2nd order polynomial to develop an equation.  This 

equation is used to calculate the pressure drop from the dampers. 
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Figure 6-5.  Graph of Damper Velocity vs Pressure Drop 

 

The louver calculation was developed in a similar manner to calculate the 

free area of the louver and the pressure drop through the louver free area.  

Louvers are more complicated than dampers because the free area must be 

determined.  The free area is the amount of a louver that is not blocked by the 

framing or louver blades.  The catalog data for four louver manufacturers was 

input into Excel with the free area for each size of louver tabulated.  A secondary 

table was created that calculates the louver free area based on an equation that 

takes into account the amount of area blocked by framing, and is shown in Table 

6-1.   

Solver was used to set the “Error Percentage” equal to zero by changing 

the free area blocked by the side, top, and bottom framing.  The error percentage 

is the difference between the calculated value and the tabulated value. 
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Table 6-1 
Louver Free Area Determination 

RS-5605 Pottorff ECV-645 
Free area blocked by side framing: 3.52 in Free area blocked by side framing:  2.42 in

Free area blocked by top/bottom: 4.08 in Free area blocked by top/bottom: 9.00 in

Free area percentage: 0.68   Free area percentage: 0.67   

Error Percentage: 0.02   Error Percentage: 0.00   

RUSKIN EME6625-805 CESCO A6S 
Free area blocked by side framing: 2.42 in Free area blocked by side framing: 3.00 in
Free area blocked by top/bottom: 9.00 in Free area blocked by top/bottom: 4.00 in
Free area percentage: 0.55   Free area percentage: 0.44   

Error Percentage: 0.00   Error Percentage: 0.00   

 

This equation allows for automated calculation of louver pressure drop 

and simplifies the development of the calculation.  Appendix B has a complete 

printout of the louver calculation routine. 

Figure 6-6 is a printout of the visual basic routine that is executed any time 

a value on the spreadsheet changes related to the louver size.  This routine 

automates the sizing of the louver based on allowable pressure drop, velocity, 

size constraints and aspect ratio. 
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Figure 6-6.  Visual Basic Routine for Sizing Louver 

 

The remainder of the model deals with calculating the installed cost, 

minimizing first cost, analyzing payback and minimizing energy use.  These will 

be discussed in more detail in the following sections.  

 

6.1.2 Minimize First Cost 

The ‘First Cost Optimization’ tab allows the user to size the insulation and 

ventilation to minimize the first cost of the installation.  This would typically be 
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used for lump sum projects.  The spreadsheet allows for four alternatives to be 

calculated against a base case scenario.  Typically the base case will be the 

minimum code required insulation values.  Table 6-2 shows the inputs required 

for the first cost optimization routine. 

Table 6-2 
First Cost Optimization 
Base Alt 1 Alt 2 Alt 3 Alt 4 

Description ASHRAE 
90.1-2004, 
Single layer 
R-19 roof and 
R-13 wall 

ASHRAE 
90.1-2007, 
Double layer 
R-13 roof, 
Single layer 
R-
13/Continuous 
R5.6 wall 

R-30 roof, 
R-19 walls 

R-5.6 walls 
with R-30 
roof 

R-13 roof, 
R-13 walls 

U-value 0.065 0.055 0.040 0.040 0.089 
Insulation cost/ft² 0.770 1.080 0.890 0.890 0.540 

R
oo

f 

Installation cost/ft² 0.290 0.420 0.340 0.340 0.210 
U-value 0.089 0.064 0.069 0.179 0.089 
Insulation cost/ft² 0.540 1.060 0.770 0.520 0.540 W

al
l 

Installation cost/ft² 0.210 0.630 0.290 0.420 0.210 

  Total First Cost $99,392 $107,047 $97,083 $99,943 $95,884 
 

The yellow cells represent the inputs required.  The insulation cost/ft² 

value is from RSMeans Building Construction Cost Data, 2010.  In the base case 

the insulation values are from the ASHRAE 90.1-2004 edition and represent the 

code required minimum insulation.  Alternate 1 represents the updated 2007 

edition of required insulation.  Alternates 2, 3 and 4 are user selected options to 

compare with the code required values.  As shown in the table, the updated 2007 

edition costs approximately 8% more than 2004 requirements and is 11% higher 

than Alternate 4.   

The first cost optimization works by calculating the required heating and 

ventilation equipment required for each case and comparing the total installed 
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cost of each option.  After entering information required for Table 6-2 the user 

clicks on the ‘First Cost Optimization” button which activates the visual basic 

routine shown in Figure 6-7. 

 

Figure 6-7.  Visual Basic Routine for First Cost Optimization 

 

The routine shown in Figure 6-7 runs through the calculations for each set 

of ventilation parameters and determines the equipment required and the first 

cost for each.  Figure 6-8 shows the calculation output for the base case and the 

lowest cost alternative option.  Each time the insulation values are changed the 
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alternate case fan, louver, and heater values are re-calculated.  The lowest first 

cost option is then entered into the table shown in Figure 5-8.  The inputs 

required by the user are shown in ‘yellow’ cells.  The cost for the base case is 

determined by the user and manually input.  The calculation routine uses these 

numbers and a linear calculation based on $/ft², $/cfm or $/kW to determine the 

cost for the alternate system.  As shown in the below table, the alternate has a 

higher ventilation and heating requirement due to the reduced insulation; 

however, the total installed cost for the building is lower due to the cost savings 

on the insulation. 

 

Figure 6-8.  First Cost Determination Output 
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6.1.3 Energy Analysis 

The second component of the spreadsheet is the energy analysis portion.  

This allows the user to calculate the energy consumption for the base case and 

each alternative.  After the previous sections are populated the only input 

required by the user is the energy rate in $/kW (Note:  If demand charges or 

ratchet rates apply a normalized rate is required) and the weather bin data.  The 

user then clicks the “Run Energy Model” button and the visual basic routing 

shown in Figure 6-9 is executed to calculate the monthly energy use based on 

bin data for the location indicating the number of hours at each temperature.  

Figure 6-10 shows sample output indicating the monthly kW of energy usage and 

the total energy cost for each alternative.     

The entire calculation methodology for energy consumption and 

calculation results are shown in Appendix B.  The program calculates the energy 

consumption for every occurrence of outdoor air temperature and multiplies it by 

the number of hourly occurrences of that outdoor air temperature. 
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Figure 6-9.  Visual Basic Routine for Energy Analysis 
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Figure 6-10.  Monthly Energy Use Sample Output for Each Alternative 

 

This calculation allows the user to select the insulation requirements that 

result in the lowest annual energy consumption for the building, regardless of first 

cost or payback.   Figure 6-11 shows a summary of the monthly energy use for 

each alternative. The next section of this report will discuss payback analysis. 
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Figure 6-11.  Monthly Energy Use for Each Alternative 
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6.1.4 Payback Analysis with Energy Model 

As discussed previously, the program is capable of calculating the lowest 

first cost and the lowest energy use design.  The final feature is to combine the 

previous items with a payback analysis to determine return on investment.  The 

only input required is the cost of capital.  Figure 6-12 shows the output of the 

payback analysis. 

 

Figure 6-12.  Payback Analysis 

 

The results in Figure 6-12 are based on the input discussed in the 

previous section.  Each option is compared against the base case and if the first 

cost is more than base case a negative value will appear in year one indicating a 

higher initial investment.  The program then looks at the increase (decrease) in 

energy cost for each alternative as an incremental cash flow and discounts it to 

the current year’s cash value using Equation 6-4. 
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NPVNPV −−

+
=    Equation 6-4 

 

where: 

NPVy  = Net present value for indicated year 

NPVy-1 = Net present value for previous year 

CFy = Incremental cash flow for indicated year in today’s dollars 

r = Cost of capital 

 

Alternate 1 shows a higher first cost with an anticipated payback in the 8th 

year based on a reduction in energy usage.  Alternative 4 was previously shown 

to be the lowest cost option; however, the higher energy use results in a negative 

return and a loss of money occurring in year 5. 

 

6.2 Validation of Optimization Model 

The output shown in Appendix B and previously in this report is based on 

a project that has previously been designed by the author.  To verify the output of 

the model and the accuracy of the calculation routing the model results will be 

compared against the verified calculations and design.   

The original design for the project called for 5 ventilation fans at 9,500 

CFM each, 16 unit heaters rated for 7.5 kW, and had insulation consistent with 

the ‘base case’ used in the previous examples.  Refer to Figure 6-13 for a 

drawing of the building. 
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Figure 6-13.  Water Treatment Building 
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The model output for the building indicates a requirement for 5 ventilation 

fans at approximately 10,000 CFM each and 16 unit heaters at 7.4 kW each, 

which is consistent with the original design.  The output from the model is 

considered valid based on the results indicated above. 

The project focus on the Water Treatment Building was to minimize the 

first cost of the building while building a code compliant structure.  As shown in 

Table 6-2 the lowest first cost option is Alternative 4.  The project was executed 

with the base case insulation which is the ASHRAE 90.1-2004 minimum 

requirement and results in a cost that is approximately 4% higher than Alternative 

4.  Using today’s energy code would result in Alternative 1 (ASHRAE 90.1-2007) 

and an approximate 11% increase over Alternative 4 in first cost. 

If the owner requested a design with the lowest energy consumption 

Alternative 2 would be recommended, as well as having the highest return on 

investment as shown in Figure 6-11.   

 

6.3 Exterior Insulation Recommendation  

Depending upon the project constraints and objectives the model indicates 

a necessity for analyzing various insulation options versus using the minimum 

code required values.  A national trend and legislation aimed at reducing building 

energy consumption has resulted in increasing requirements for insulation in new 

buildings.  However, these codes are mainly geared toward air conditioned 

commercial buildings and careful analysis must be performed to determine the 

appropriate level of insulation for high internal heat gain ventilated buildings.  As 
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demonstrated in the example using the updated insulation standard would result 

in approximately an 11% increase in building cost compared to the lowest cost 

option. 

 

6.4 Reduction in Design Man-hours 

The original SCPP Water Treatment Building design required 

approximately 30 man-hours to complete the calculation and verification process.  

The spreadsheet developed required only 6 hours for a technician to develop a 

calculation and 2 hours for an engineer to verify the calculation. 

The application of this tool, using a billing rate for a Senior Engineer of 

$112 per hour and a billing rate for a technician of $60, results in a savings of 

$2,776 per similar building.  Typical projects have on average 12 separate 

buildings that would be applicable, resulting in a total project labor savings of 

$33,312. 

 

6.5 Reduction in Procurement and Installation Cost 

The standard energy code in place for projects is ASHRAE 90.1-2007 

edition.  Section 6.1.2 showed a savings from Alternate 1 (ASHRAE 90.1-2007) 

to Alternate 4 of $11,163.  Multiplying this by 12 buildings results in a total project 

savings of approximately $134,000.   

The example shown in this paper was for Kansas City, MO; which is a 

fairly mild climate.  Extreme climates would result in higher savings due to the 
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increased cost of equipment required in the base case to account for the higher 

ventilation and/or heating loads. 

 

6.6 Total Savings 

The total savings for equipment procurement, equipment installation and 

labor expenditures is approximately $167,000 per project.  In addition to the cost 

savings, the engineering schedule can be reduced by 2 ½ days per building due 

to the increased efficiency of the standard calculation. 

The tool also allows for simultaneous calculation of energy consumption 

and payback analysis which typically would not be completed for the project.  

This additional analysis allows for a more thorough understanding of the 

interrelation between the envelope insulation and the mechanical systems 

required. 
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7.0 Suggestions for Additional Work 
 

The optimization model developed as part of this research project is 

helpful for analyzing a particular segment of buildings encountered on typical 

projects.  Additional research should be carried out to fine tune the model and 

allow for analysis of additional building types. 

 

7.1 Air-conditioned Control Buildings 

The model is currently designed to handle ventilation loads and can not 

calculate air conditioning loads.  Modification of the tool to allow for standardized 

calculation of air conditioning loads, energy consumption, and payback would 

allow for additional savings to be realized on projects.   

 

7.2 Analysis of Stack Effect on Heating Load 

Stack effect is determined by building height and differential temperatures 

from inside to outside.  The taller the building and greater the temperature 

difference results in a higher stack effect.  Higher stack effect results in a lower 

negative pressure in the lower portion of the building and higher positive 

pressure in the upper portion of the building; thereby inducing more outside air 

infiltration.  The model currently assumes a user entered air change rate for 

infiltration airflow.  A more accurate model would address the stack effect and 

calculate the actual infiltration airflow based on the stack effect. 
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Appendix A:  Climate Zone 4 
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