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The Kansas Department of Health + Environment’s (KDHE) new 
laboratory facility will address the need for growth in spacial and 
equipment requirements, and ensure the goals of safety, quality of 
results, and effi  ciency are met while paying special attention to principles 
of sustainable design.

This document is produced by The Clark Enersen Partners for the Kansas 
Department of Health and Environment and the State of Kansas. No part 
of this document may be reproduced without the consent of KDHE, the 
State of Kansas, and The Clark Enersen Partners.
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Executive Summary 
This report will evaluate the current proposed design of the new KDHE facility using a total 
building energy modeling software package. Total building annual energy use and 
annual energy cost will be evaluated and compared to the ASHRAE 90.1-2010 baseline 
according to Energy and Atmosphere – Prerequisite 2 (Minimum Energy Performance) 
and Credit 1 (Optimize Energy Performance) of the LEED Reference Guide for Green 
Building Design and Construction – Version 4. 

The building’s area includes laboratories, classrooms, offices, and support spaces 
totaling approximately 113,000 square feet. The schematic design drawings and 
discussions with the project team served as the basis of this modeling effort. Energy 
conservation measures (ECMs) have been tested in the energy model and optimized 
building performance solutions have been suggested based on this testing.  
 
Based on the optimization analysis, a Proposed Case model has been developed that 
includes the following high performing, yet reasonably attainable, design 
characteristics: 
 

 Exterior wall construction assembly: U-0.042 (R-25) 
 Roof construction assembly: U-0.025 (R-40) 
 40% window-to-wall ratio, no shading 
 Fenestration assembly: U-0.30, SHGC-0.40 
 Lighting power density = 0.8 W/sf with continuous dimming daylighting controls 
 Mechanical: Chilled water cooling system, condensing boiler, designed outdoor 

air quantities and airflows included in model 
 Utility rates based on utility data provided by project team 

 
With these characteristics, the Proposed Case building has an energy cost savings 
potential of 11.1 % compared the Baseline Case building. 

Baseline Case:  
Annual Estimated Energy Cost:      $256,053 
Site Energy Use Intensity (EUI):      123 kBTU/ft2/yr 
 
Proposed Design:  
Annual Estimated Energy Cost:      $227,740 
Site Energy Use Intensity (EUI):      104 kBTU/ft2/yr 
% Energy Cost Savings:       11.1% 
Potential LEED EAc1 Points:       3 points 
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For reference, an energy model scenario using the optimal solution has been run. This 
model includes the following design characteristics: 
 

 Exterior wall construction assembly: U-0.037 (R-27) 
 Roof construction assembly: U-0.020 (R-50) 
 30% WWR, 3’ shading 
 Fenestration:  Assembly U-0.30, SHGC-0.40 
 Lighting Power Density = 0.7 W/sf with continuous dimming daylighting controls 

 
Optimal Solution Design:  
Annual Estimated Energy Cost:      $217,916 
Site Energy Use Intensity (EUI):      99.7 kBTU/ft2/yr 
% Energy Cost Savings:       14.9% 
Potential LEED EAc1 Points:       5 points 
 
Note that the energy cost difference between the Proposed Case model and Optimal 
Solution is about $10,000/year.      
 
 
Additionally, for reference and comparison, the existing building has the following 
performance characteristics: 
 
Total Measured Energy Cost:      $272,127 
Site Energy Use Intensity (EUI):      215 kBTU/ft2/yr 
 
While the total energy cost does not significantly change between the existing and 
Proposed Case building, the building’s EUI (actual energy use) meaningfully reduces with 
the new design. This is because the heating energy use will significantly reduce in the 
Proposed Case building; however, because the current natural gas rate is fairly low, the 
building’s utility cost total is not showing as drastic of a change. 
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Purpose of Document 

1. Establish the ASHRAE 90.1-2010 Baseline Case Performance 
The Baseline Case is a theoretical building energy model compliant with the 
requirements of ASHRAE 90.1-2010 Appendix G (ASHRAE 90.1). The Baseline Case 
energy model establishes the theoretical minimum energy performance for use as 
a basis of comparison between the requirements of ASHRAE and the proposed 
design. 
 

2. Establish the Building Performance of the Proposed Design  
Also compliant with the requirements of ASHRAE 90.1-2010, the performance of 
the Proposed Design is compared to the performance of the Baseline Case to 
establish the extent of energy saved and reduction in energy related operating 
costs. 
 

3. Report the Status of the Energy Modeling Effort to Date 
The summary overview is intended to be a status report of the energy modeling 
efforts and not the final energy model document. Presently, the energy modeling 
effort is based on the schematic design drawings provided November 2019. 
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Performance Results 

The following tables and graphs summarize the Proposed Design and Baseline Case 
energy performance.   

Table 1. Energy Summary by End Use 

End Use Energy Type Baseline Case 
[MMBtu] 

Proposed Design 
[MMBtu] 

Lighting - Interior Electricity 991.6 841.5 
Lighting - Exterior Electricity 14.9 14.9 
Space Heating Gas 5541.6 4072.2 
Space Cooling Electricity 1154.0 1065.0 
Pumps Electricity 2165.9 1957.5 
Heat Rejection Electricity 402.1 384.3 
Fans Electricity 1718.9 1425.1 
Service Water Heating Gas 134.4 134.4 
Misc. Equipment Electricity 1805.7 1805.7 
Consumption subtotal  13,929.0 11,700.6 
On-site Renewables  0 0 
Total Consumption  13,929.0 11,700.6 
    
Energy Consumption Savings   16% 

 

 
Table 2. Energy Cost Summary by Utility 

Type Baseline Case 
[$] 

Proposed Design 
[$] 

Electricity $227,503 $206,581 
Natural Gas $28,550 $21,159 
Total Cost $256,053 $227,740 
   
Energy Cost Savings  11.1% 
LEEDv4 Optimize Energy Performance Points  3 
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Graph 1. Annual Energy Consumption by End Use 

 

Graph 2. Annual Energy Cost by Utility 
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Engineering Analysis 

The modeling effort represents the building as described in the schematic design 
drawings provided November 2019. The building data has been input into the energy 
modeling software and evaluated in an effort to calculate and compare the annual 
energy cost savings associated with various energy conservation measures. A genetic 
algorithm was used to evaluate a range of envelope, fenestration, and lighting attributes 
and their collective performance in various combinations.  

 

Optimization is a technique used to identify the design option combination that best 
achieves key performance objectives. While similar to parametric analysis which uses 
design curves to describe building performance changes resulting from a single ECM, 
optimization tests multiple ECMs at the same time to find the “sweet spot” for each 
method within a single design. Almost 1,200 iterations have been run in the energy 
modeling software to determine the optimal solution for this building. The project team 
has communicated that they are most interested in seeing the results organized by 
annual energy consumption and energy cost. The options with the optimal designs will 
appear near the left-bottom corner of the graphs that follow.   

 

The Baseline Case has been established using ASHRAE 90.1-2010. In the absence of 
design details, several building parameters have been modeled in accordance with the 
code minimum. 

 Massing & Geometry:  Model reflects the geometry, floor plan, and fenestration 
layout defined in the BIM model 

 Lighting power:  Baseline LPD= 0.99 W/ sf  
 Baseline HVAC System:  ASHRAE 90.1-2010 System 7 Chilled water VAV with hot 

water reheat 
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The parameters tested in this optimization analysis are organized in the table below. The 
tested values have been established with the project team to represent realistic and 
attainable design constraints. 

 

Parameter Minimum Maximum Step 

Window to wall ratio 30% 45% 5% 

Exterior wall insulation Steel-frame, R-13 
+ 7.5 ci 

Steel-frame, R-13 
+ 19 ci 

4 levels of insulation 

Roof Insulation R-20 R-50 4 levels of insulation 

Fenestration SHGC 0.20 0.60 0.05 

Fenestration U-value 0.3 0.5 0.1 

Fenestration shading No overhang 6.0 ft overhang 3.0 ft 

Lighting power density 0.70, with daylight 
control 

0.90, with daylight 
control 

0.10 W/sf 
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Envelope Performance Study 

Wall Performance 

The first graph illustrates the results of all iterations of the model ran with the four exterior 
wall construction types.  Based on the data point cloud shown in Figure 3, a wall 
construction R-value of at least 23 is preferred for optimal performance for this building.   

 

Figure 3. Exterior Wall Construction Options 
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Roof Performance 

Figure 4 illustrates the results of all iterations ran with the four exterior roof options:   

Based on the data point cloud shown in the figure, a high roof construction R-value (R-
40+) is preferred for optimal performance for this building. The roof square footage on 
this building is large with regards to the total building envelope percentage, so the 
impact of increasing roof insulation is meaningful. This is not always the case for tall 
buildings with a small footprint and reduced roof area. 

 

Figure 4. Roof Construction Options 
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Fenestration Performance 

Figures 5, 6, and 7 illustrate the effect of varying the window characteristics:  total 
window-to-wall ratio (WWR), fenestration solar heat gain coefficients (SHGC), and 
thermal conductivity (U-value). 

Iterations with the lowest WWR are unsurprisingly performing well. It is recommended 
that this ratio be design as low as possible for the best energy performance  

The results for the fenestration SHGC are interesting in that some of the higher 
performing options have high SHGC (0.50) and low U-values. However, if this scenario is 
pursued, please note that at least a 3’ shading device must be used to reduce solar 
gains in the summer. The higher SHGC also contributes to the number of hours that 
daylighting controls are useful. However, if significant shading is not planned for this 
building, generally a window with a SHGC between 0.30 and 0.40 is recommended. 

Based on the thermal conductivity results, a designed fenestration U-value as low as 
possible (U-0.30) is recommended for this building.  
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Figure 5. Fenestration Options – WWR 
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Figure 6. Fenestration Options – SHGC 
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 Figure 7. Fenestration Options – U-value
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Lighting Performance 

Figure 8 describes the result of testing three lighting power densities in all areas of the 
building. As expected, lower lighting power densities in the building results in lower 
energy use.  Including daylighting controls only improves the building’s performance. 
Presently, the daylighting controls are modeled as continuous dimming in the Proposed 
Case. 

 

Figure 8. Lighting Performance Options 
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Optimized Performance Results 

The results consider a wide variety of fenestration types in combination with varying wall 
constructions, roof constructions, and lighting scenarios. In order to provide useable 
feedback for the project team, the data has been consolidated to report only the 
combinations of ECMs that demonstrate the lowest energy consumption and energy 
cost. These fourteen optimal options reside at the bottom left corner of Figure 9. This area 
of the graph has been enlarged, see Figure 10. These iterations reflect design bundles 
that result in a similar annual energy cost. See Table 3 for details about each optimized 
iteration. If 0.7 W/sf of lighting is too low of an assumption for this facility, Table 4 has been 
provided and outlines the highest performing iterations using 0.8 W/sf of lighting.  

 

Figure 9. All Performance Options 
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Figure 10. Optimized Performance Options 
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Table 3. Optimized Performance Options - Design Parameters 

 

 

 

 

 

Iteration Exterior Wall 
Construction 

Roof 
Construction 

Fenestratio
n, U-value 

Fenestration, 
SHGC 

WWR Lighting Shading 

1007 R-13+R-19c.i., 
U-0.037 

R-50, U-0.020  U-0.30 SHGC-0.40 30 0.70 W/sf, 
Daylight 

3.0ft 
Overhang 

545 R-13+R-19c.i., 
U-0.037 

R-50, U-0.020  U-0.30 SHGC-0.30 35 0.70 W/sf, 
Daylight 

3.0ft 
Overhang 

607 R-13+R-19c.i., 
U-0.037 

R-50, U-0.020  U-0.30 SHGC-0.30 30 0.70 W/sf, 
Daylight 

3.0ft 
Overhang 

650 R-13+R-19c.i., 
U-0.037 

R-40, U-0.025  U-0.30 SHGC-0.30 35 0.70 W/sf, 
Daylight 

3.0ft 
Overhang 

418 R-13+R-19c.i., 
U-0.037 

R-50, U-0.020  U-0.30 SHGC-0.30 40 0.70 W/sf, 
Daylight 

3.0ft 
Overhang 

401 R-13+R-19c.i., 
U-0.037 

R-40, U-0.025  U-0.30 SHGC-0.30 30 0.70 W/sf, 
Daylight 

3.0ft 
Overhang 

768 R-13+R-19c.i., 
U-0.037 

R-50, U-0.020  U-0.30 SHGC-0.30 30 0.70 W/sf, 
Daylight 

0.0ft (No 
shading) 

908 R-13+R-19c.i., 
U-0.037 

R-50, U-0.020  U-0.30 SHGC-0.50 30 0.70 W/sf, 
Daylight 

3.0ft 
Overhang 

777 R-13+R-15c.i., 
U-0.042 

R-50, U-0.020  U-0.30 SHGC-0.30 30 0.70 W/sf, 
Daylight 

3.0ft 
Overhang 

397 R-13+R-19c.i., 
U-0.037 

R-30, U-0.032  U-0.30 SHGC-0.40 30 0.70 W/sf, 
Daylight 

3.0ft 
Overhang 

375 R-13+R-19c.i., 
U-0.037 

R-40, U-0.025  U-0.30 SHGC-0.30 30 0.70 W/sf, 
Daylight 

0.0ft (No 
shading) 

324 R-13+R-15c.i., 
U-0.042 

R-40, U-0.025  U-0.30 SHGC-0.30 35 0.70 W/sf, 
Daylight 

3.0ft 
Overhang 

480 R-13+R-15c.i., 
U-0.042 

R-40, U-0.025  U-0.30 SHGC-0.30 30 0.70 W/sf, 
Daylight 

3.0ft 
Overhang 

1096 R-13+R-19c.i., 
U-0.037 

R-50, U-0.020  U-0.30 SHGC-0.25 40 0.70 W/sf, 
Daylight 

3.0ft 
Overhang 
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Table 4. Optimized Performance Options – Includes 0.8 W/sf options only 

 

 
 

Iteration Exterior Wall 
Construction 

Roof 
Construction 

Fenestratio
n, U-value 

Fenestration, 
SHGC 

WWR Lighting Shading 

729 R-13+R-19c.i., 
U-0.037 

R-40, U-0.025  U-0.30 SHGC-0.30 35 0.80 W/sf, 
Daylight 

3.0ft 
Overhang 

491 R-13+R-19c.i., 
U-0.037 

R-50, U-0.020  U-0.30 SHGC-0.30 30 0.80 W/sf, 
Daylight 

3.0ft 
Overhang 

1111 R-13+R-19c.i., 
U-0.037 

R-50, U-0.020  U-0.30 SHGC-0.50 30 0.80 W/sf, 
Daylight 

3.0ft 
Overhang 

1001 R-13+R-19c.i., 
U-0.037 

R-50, U-0.020  U-0.30 SHGC-0.30 30 0.80 W/sf, 
Daylight 

0.0ft (No 
shading) 

396 R-13+R-19c.i., 
U-0.037 

R-30, U-0.032  U-0.30 SHGC-0.40 30 0.80 W/sf, 
Daylight 

3.0ft 
Overhang 

426 R-13+R-19c.i., 
U-0.037 

R-40, U-0.025  U-0.30 SHGC-0.30 30 0.80 W/sf, 
Daylight 

3.0ft 
Overhang 

15 R-13+R-15c.i., 
U-0.042 

R-40, U-0.025  U-0.30 SHGC-0.30 35 0.80 W/sf, 
Daylight 

3.0ft 
Overhang 

705 R-13+R-19c.i., 
U-0.037 

R-30, U-0.032  U-0.30 SHGC-0.30 40 0.80 W/sf, 
Daylight 

3.0ft 
Overhang 

241 R-13+R-15c.i., 
U-0.042 

R-40, U-0.025  U-0.30 SHGC-0.30 30 0.80 W/sf, 
Daylight 

3.0ft 
Overhang 

1090 R-13+R-19c.i., 
U-0.037 

R-40, U-0.025  U-0.30 SHGC-0.30 35 0.80 W/sf, 
Daylight 

0.0ft (No 
shading) 

293 R-13+R-15c.i., 
U-0.042 

R-50, U-0.020  U-0.30 SHGC-0.25 40 0.80 W/sf, 
Daylight 

3.0ft 
Overhang 

159 R-13+R-19c.i., 
U-0.037 

R-30, U-0.032  U-0.30 SHGC-0.30 30 0.80 W/sf, 
Daylight 

3.0ft 
Overhang 

846 R-13+R-19c.i., 
U-0.037 

R-50, U-0.020  U-0.30 SHGC-0.20 40 0.80 W/sf, 
Daylight 

3.0ft 
Overhang 
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Appendix A 

Table 5: General Information 

Building Element Baseline Case 
Modeling Software Design Builder, version 6.0.1.019  

Weather File USA_KS_TOPEKA MUNICIPAL AP_TMY3 

Climate Zone  Zone 4A 

Virtual Electric Rate $0.094/kWh 

Virtual Natural Gas Rate  $ 0.503/therm 

Operation Schedule Typical Office Schedule  

 
 
Table 6: Envelope 

Building Element Baseline Case 
Roof Construction Description Insulation Entirely Above Deck 

Insulation R-20 ci 

Assembly U-value U-0.048 

Exterior Wall 
Construction 

Description Steel-Framed 

Insulation R-13 + R-7.5 ci 

Assembly U-value U-0.064 

Slab-on-Grade 
Floor Construction 

Description Unheated 

Insulation NR 

Assembly F-factor F-0.730 

Window-to-gross 
Wall Ratio 

North % 40% 

East % 40% 

South % 40% 

West % 40% 

Fenestration Description Metal framing 

Assembly U-value U-0.55 

SHGC 0.4 

Shading Devices Description Not required 
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Table 7: Electrical Systems 

Building Element Baseline Case 

Interior Lighting 
Power 

LPD Method Building Area: School 

Avg. LPD W/ft2 0.99  

Misc. Equipment 
Power Density 
(W/ft2) 

Laboratory 4.0 W/sf 

Office 1.0 W/sf 

IT 5.0 W/sf 

 

Table 8: Air-side Mechanical Systems 

Building Element Baseline Case Proposed Case 

HVAC 
System 

Tag 
System 7: Variable Air Volume with 
HW reheat  
ASHRAE 90.1-2010 compliant system  

 
VAV system served by water-cooled chiller 
(6.1 COP) and condensing hot water boiler 
(96% efficiency) 
 
Lab AHU: 58,200 cfm 
100% OA w/ 50% eff heat pipe 
 
BSL3 AHU: 5,000 cfm 
100% OA w/ 50% eff heat pipe 
 
Office AHU: 36,800 cfm 
23% OA 
 

Type 

VAV system served by water-cooled 
chiller (6.1 COP) and hot water boiler 
(80% efficiency) 
 
Ventilation modeled identical to 
Proposed Case 
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