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EXECUTIVE SUMMARY 

The Iowa Utilities Board and Office of Consumer Advocate (IUB/OCA) office building is 
located in Des Moines, Iowa, with 44,640 square feet of gross area. It is LEED® Platinum and 
ENERGY STAR® (scored 100) rated, and one of the top high-performance buildings in the 
United States. The objectives of this case study are to 1) describe the energy efficient design 
features and integrated building design process; 2) evaluate the actual building energy use and 
compare with the design intent; 3) calibrate and compare the building energy simulation design 
model to a calibrated as-built model; and 4) conduct a post-occupancy occupant comfort 
evaluation. The overarching goal is to increase public awareness and understanding of high 
performance building design and operations through research, analysis, demonstration, and 
information dissemination. 
 
The IUB/OCA office building was designed and built to demonstrate the effectiveness of energy 
efficient high performance design features in a Midwest climate and to achieve energy use 
intensity (EUI) of 28 kBtu/sf-yr. 
 
The effective strategies for increasing energy efficiency, performance and lowering operational 
costs include but are not limited to: high performance building envelope to eliminate thermal 
bridging; high performance glass tuned to each elevation’s exposures; optimized solar 
orientation; skylights at the building core to allow daylight-harvesting; sunscreens to block 
summer solar heat gain while allowing winter passive heating; a geothermal well field with dual-
stage heat pumps; total energy recovery ventilator (ERV) and roof-mounted 45 kW photovoltaic 
(PV) array providing on-site renewable energy production and peak demand reduction.  
 
The overall energy performance of IUB/OCA office building was analyzed based on the data 
collected in 5-minute and 15-minute time intervals for one full operating year starting in April 
2012 through March 2013. The results are shown in the following figure. 
 



x 

 
The building’s total annual energy consumption for the evaluation period was 21.5 kBtu/sf-yr. 
The photovoltaic energy production accounted for 4.5 kBtu/sf-yr and provided enough energy to 
address approximately 21% of the total building energy use. 
 
The net annual building energy use was approximately 17.0 kBtu/sf-yr. The building’s net 
energy usage represents a 74% net reduction in energy use compared to the ASHRAE 90.1-2004 
Appendix G baseline building’s energy consumption of 65.0 kBtu/sf-yr. 
 
The As-Designed building energy simulation model was calibrated based on the actual building 
energy performance data to an As-Operated model, which allowed for the calculation of the As-
Operated energy savings. The As-Operated energy savings are 13% greater than the As-
Designed energy savings that were predicted in the design process. This difference is largely due 
to differences in the plug loads in the building, which are much lower than the assumptions made 
at the design stage. 
 
The IEC developed a twenty-three question survey on occupant comfort covering temperature, 
humidity, air flow, lighting, noise, privacy and overall satisfaction. The survey was distributed to 
both Iowa Utilities Board and Office of Consumer Advocate employees. Occupant surveys rarely 
result in uniformity but in a general sense, 80% of those surveyed were overall satisfied with 
their physical environment. 
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1. INTRODUCTION 

1.1. Background 

Based on the 2011 U.S. Department of Energy Building Energy Data Book, commercial 
buildings in the U.S. are responsible for 19% of primary energy consumption and 35% of 
electrical consumption. The top four end uses: space heating, space cooling, water heating, 
and lighting accounted for close to 70% of site energy consumption. While implementation 
of the latest energy efficiency measures in existing buildings is very important in reducing 
building energy use and cost, utilizing innovative integrated high-performance, sustainable, 
green building design and construction techniques and processes for new buildings is also 
essential. 
 
The leadership of Iowa Utilities Board, Office of Consumer Advocate and the State of Iowa 
established a vision to design and build an exemplary high-performance state government 
owned building for the organizations that regulate Iowa utility companies and represent 
consumer interests regarding these utilities. The overall project goal was to lead by example 
and use the building to showcase the integrated building design process, high-performance 
energy efficient technologies, cost effective operations, and to maintain a comfortable and 
productive work environment. 
 
Since 2009, Iowa Energy Center has partnered with IUB/OCA and the building project 
design team in the design, construction, analysis and monitoring of its new building at the 
State of Iowa Capital Complex in Des Moines, Iowa. From the onset, a site energy use goal 
of 28 kBtu/sf-yr was established, which is quite aggressive when compared to a typical office 
building national average of 93 kBtu/sf-yr [1]. 
 
The two-story office building design and construction process started in 2008 and it has a 
gross area of 44,640 square feet. The building was officially occupied on January 17, 2011 
with approximately 90 occupants. In 2012, the building was certified a LEED® Platinum 
building. The ENERGY STAR® score was 100 based on the 2013 energy use data. 
 
As part of the LEED® building application process, the Iowa Energy Center was involved 
with the planning and implementation of the Measurement and Verification Plan. One of the 
goals of the Measurement and Verification Plan was to provide guidelines to verify the 
effectiveness of the energy efficiency strategies implemented in the building. 

 
The Iowa Energy Center’s mission is to advance Iowa’s energy efficiency through research, 
demonstration, and education. The purpose of this case study is to monitor and compare the 
actual energy performance of the completed building, to document effectiveness of the 
design approach, analyze energy use patterns, provide hard data on system performance, and 
confirm target energy use goals are being met. This document is also part of the Iowa Energy 
Center’s ongoing efforts in disseminating information through seminars, facility tours, 
presentations, and technical papers. Figure 1 is a recent photograph of the IUB/OCA 
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building. 
 
 

   

 
Figure 1. IUB/OCA Office Building 

1.2. Objectives 

The primary objectives of this case study are: 
• Highlight the integrated building design process and describe the energy efficient design 

features. 
• Evaluate and compare the actual building energy use and overall performance with the 

original design intent. 
• Compare the building energy simulation design model results to actual building 

performance, and calibrate the Design Model to an As-Built Model. 
• Evaluate occupant comfort. 
• Document the results and findings. 
 
The Measurement & Verification Plan served as the basis for this case study with key 
objectives being: 
• Verify the effectiveness of key employed energy strategies to determine those strategies 

that can be emulated and implemented in other State owned facilities across Iowa. 
• Improve the post-occupancy performance and satisfaction by identifying operational 

problems that may otherwise go unnoticed. 
• Monitor entire building performance as well as performance of individual systems and 

sub-systems. 
• Achieve the LEED® NC v2.2 Energy and Atmosphere Credit 5. 
 
The case study serves as a comprehensive document highlighting the entire building history 
from the initial design intent through annual operation. The information contained with this 
report could serve as a useful resource for those researchers focused on high performance 
buildings. The report incorporated several documents and reports from the design team 
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sponsored by the building owner (IUB/OCA) and the utility servicing the building 
(MidAmerican Energy Company). 

 
1.3. Scope of Work 

The Iowa Energy Center worked with the building design team in the following areas: 
 
• Benchmarking and Verification 

Installation compliance and initial system performance was verified by the design team 
and commissioning agent through job site observations and performance testing of the 
building systems. Job site observation reports and a final commissioning report were 
issued to the owner. Expected energy usage was modeled using a DOE-2 based energy 
model, the same as used for the LEED® submittal, but adjusted for as constructed 
conditions. 

 
• Calibrating the Performance Simulation Model 

The performance simulation model was based on actual weather data obtained from the 
local weather station and the owner’s expected occupancy schedule and plug load use. 
Actual energy use data were totalized and compared to the performance simulation model 
on a monthly basis. Monthly reports were written to describe the actual energy usage and 
calibrations made to the simulation model. 
 

• Facility Case Study 
In addition to developing the benchmark energy performance simulation model and 
comparing actual versus expected energy use, the Iowa Energy Center will document the 
energy performance of this facility for educational and research purposes. These activities 
may include preparation of general information for distribution to the general public, 
presentations to interested parties, and publication of technical articles and reports. 
 

This technical report is the facility case study mentioned above. A survey of occupant 
comfort was completed in 2013 with results included in this report. The following report 
focuses on the whole-building performance and additional subsystem analysis featured in the 
building design. Detailed analyses of specific zones are not part of this case study. Additional 
aspects of sustainable and green building design features such as water conservation, storm 
water management, and construction materials recycling are not included in this report. 
 
The remainder of the technical report is organized as follows: Section 2 describes the 
integrated high performance building design process and energy efficiency and sustainable 
design features; Section 3 documents the building energy measurement and verification 
process and the energy performance metrics for the building and its subsystems; Section 4 
focuses on the building energy simulation calibration process and subsequent model 
revisions; and Section 5 presents the post-occupancy survey results. 
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2. DESCRIPTION OF LOW ENERGY AND SUSTAINABLE DESIGN FEATURES 

2.1. Building Energy Design Goal 

The IUB/OCA building was originally designed and built with the overreaching goal to 
demonstrate the feasibility and impact of energy efficient features on building energy 
consumption. A critical component in reaching the energy goal was the active participation 
and leadership of the building owner in all phases of the project from initial conception 
through occupancy.  

 
An anticipated building energy usage goal of 28 kBtu/sf-yr was established early in the 
development stage of the project. The goal was quite aggressive considering a typical office 
building has a national EUI average of 93 kBtu/sf-yr. The 28 kBtu/sf-yr goal was in part set 
due to the Iowa Association of Municipal Utilities (IAMU) office building, a high-
performance building in Iowa with an EUI of 28 kBtu/sf-yr when it was built approximately 
ten years prior. The Iowa Energy Center was also involved in the IAMU building design 
process, energy monitoring as well as the measurement and verification process. A technical 
report [2] and several papers [3][4] for the IAMU building were published. 

 
2.2. Integrated High Performance Building Design Process 

2.2.1. The Design Team 

The design process was led by BNIM Architects who specialize in high-performance, 
sustainable, green building design. The complete design team included: 

• Architect: BNIM Architects 
• Landscape Architect: BNIM Architects 
• Building Energy Modeling: The Weidt Group 
• Structural: Charles Saul Engineering 
• Mechanical: KJWW Engineering Consultants 
• Electrical: KJWW Engineering Consultants 
• Civil: Snyder & Associates, Inc. 
• Building Automation: Siemens Building Technologies 
• Energy Monitoring: Schneider Electric 
• Energy Efficiency Advisor: Iowa Energy Center 

 
2.2.2. The Design Process 

The design team worked closely with the building owner during the entire design process. 
Major design decisions were made within the context of the 28 kBtu/sf-yr EUI project 
energy goal. The targeted EUI is approximately 56% better than the 65 kBtu/sf-yr EUI 
baseline building design. The building energy model was integrated and was a key factor 
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during each phase of the design process to help keep the performance goals on track. 
Figure 2 shows an integrated design process flow diagram. 

 

Figure 2. An Integrated Building Design Process Flow Diagram 
 

2.2.3. Site Selection and Preliminary Building Architectural Design 

The IUB/OCA building is located at 1375 East Court Avenue in Des Moines, Iowa. The 
building site is on the southeast corner of the Iowa State Capital Complex. Preliminary 
architectural design of the building first involved the building energy modeler assessing 
the energy impact of different building shapes, sizes, heights, and orientations. The two-
story IUB/OCA office building consists of 44,640 square feet of gross area and is 
composed of two separate wings connected by a link section. Figure 3 shows the general 
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footprint and orientation. The building is optimally aligned in an east-west orientation. 
Table 1 summarizes the preliminary building design characteristics [5]. 

 

Figure 3. IUB/OCA Building Schematic Site Plan 
 

Table 1. Building Summary in Preliminary Design 
Building type Office 
Location Des Moines, Iowa 
Building area 44,640 sq. ft. 
Number of stories 2 

Building organization 
2 level offices in North Wing. Conference rooms on 1st floor, offices on 
2nd floor of South Wing. Lobby connector link. Lower level mechanical 
room. 

Windows 

Significant north and south glazing elements. Light tube skylights to 
allow deeper daylight penetration. South glazing has exterior shading 
devices. Minimal east and west glazing. 
Window to floor area ratio: 18.3%; Window to wall area ratio: 34.6% 

Areas heated All 
Areas cooled All 
Electric utility MidAmerican Energy 
Gas utility - 
Approx. construction document 
completion date January 2009 

Approx. construction start January 2009 
Approx. occupancy start November 2009 
Other notes Energy intensity goal of 28 kBtu/sf-yr (site energy) 

(Courtesy of The Weidt Group) 
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2.2.4. Evaluating Energy Efficiency Strategies 

After the preliminary architecture of the building was agreed upon, the design team 
considered various energy efficiency design strategies. The team focused on the main 
categories of building envelope, mechanical systems and equipment, lighting options and 
renewables. The following is a more descriptive and detailed summary of strategies 
considered: 

• Building envelope insulation strategies: various R-values (°F-sf-h/Btu) for walls, pre-
cast insulated panels, roofs, and different colors for roofing, such as white. 

• Window glazing strategies: various window glazing options as well as different 
window-to-wall ratios. 

• Window design strategies: exterior shading devices and reduced sill height.  
• Daylighting control strategies: automatic stepped daylighting control, automatic 

continuous dimming control for electric lighting at different zones. 
• Lighting control strategies: one and two-level occupancy sensor control, dual level 

switching and manual dimming options for offices. 
• Building-wide lighting density strategies: 1.00 W/sf, 0.75 W/sf, and 0.50 W/sf 

alternatives. 
• Lighting technology strategies: super T-8 lamps, extra efficient ballasts, efficient 

fixtures, high Kelvin lamps, and highly reflective interior surfaces options. 
• Heat pump efficiency strategies: 1-stage high efficiency water to air heat pump, 2-

stage high efficiency water to air heat pump, water to water ground source heat pump 
and well field and VFDs for system pumps. 

• Fan and pump strategies: premium efficiency supply/return fan motors and premium 
efficiency pump motors. 

• Conditioning of outside air strategies: demand controlled ventilation, underfloor air 
delivery system, room-level heating/cooling setpoints equal to 70/74°F, four-day/10-
hour per day work week, and total heat recovery. 

• Plug load strategies: occupancy control of office equipment and removal of data 
center. 
 

Many of the proposed strategies are considered mature, “off-the-shelf” type technologies 
that have been successfully applied in many other building projects. The team utilized a 
balanced approach by choosing the best combination of strategies to maximize the project 
energy and sustainability goals with the economic and financial considerations of the 
project budget. 

Considerable effort was involved in determining the projected energy savings for the 
different energy strategies. The building energy modeler simulated the individual 
strategies independently to determine the estimated energy usage and cost savings 
associated with each strategy. Table 2 shows the estimated annual cost savings for the 
key strategies compared to an energy code compliant base case building. 
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Table 2. Estimated Annual Cost Savings for Individual Strategies 

Strategy Description How does this strategy save energy 

Estimated 
Annual 

Cost 
Savings 

High efficiency ground source 
heat pump, water to air 

Ground heat pump savings are extended 
by adding variable speed drives to pumps $21,681 

Total heat recovery 
Heating and cooling energy are reduced 
by recovering heat from building exhaust 
air 

$8,179 

CO2 control of outside air 
Heating and cooling energy are reduced 
by lowering ventilation rates during times 
of reduced occupancy 

$8,164 

Max envelope 
Heating and cooling load is reduced by 
increasing insulation levels and window 
characteristics  

$4,985 

All: 3 element Visionwall – 
clear 

Heating and cooling energy are reduced 
by using low e coatings to reduce heat 
loss and block heat gain 

$4,339 

Lowest wattage lighting 
design 

Lighting wattage is saved by reducing 
light level or increasing lighting system 
efficiency 

$4,336 

Remove data center 
Computer energy is reduced by 
occupancy sensors that turn equipment to 
reduced levels 

$3,408 

Daylighting control 
Lighting energy is reduced by turning 
lights down or off automatically in 
response to daylight 

$3,199 

Occupancy sensor control of 
lighting 

Lighting energy is saved by turning lights 
off when applicable spaces are empty $1,706 

Plug load occupancy sensor 
control of office equipment 

Computer energy is reduced by 
occupancy sensors that turn equipment to 
reduced levels 

$1,215 

(Courtesy of The Weidt Group) 
 

The findings suggest high efficiency ground source heat pumps offer the highest energy 
cost savings followed by a total heat recovery unit and CO2 control with outside air. 
Envelope improvements and lighting strategies also present significant energy cost 
savings. 

 
2.2.5. Energy Efficiency Options Selection 

Following the analysis of these individual energy efficiency options, the design team 
developed five “bundles” for additional modeling and evaluation to help finalize the 
project design. The idea was to bundle together various combinations of the individual 
energy saving strategies into comprehensive building design alternatives.  

Bundle 1: 
• Pre-cast insulated wall panel, total assembly R-23. 
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• Total roof assembly R-30. 
• White roof at 65% reflectance. 
• North, east, and west glazing, Solarban 60 clear glazing in thermally-broken 

aluminum frame (Unit U-factor 0.42, COG U-factor 0.29, Solar Heat Gain 
Coefficient 0.38, Visible Transmittance 0.70), south glazing Sungate® 500 
(Unit U-factor 0.48, COG U-factor 0.35, Solar Heat Gain Coefficient 0.62, 
Visible Transmittance 0.74). 

• Exterior sun screen on the south. 
• Automatic dimming daylighting control with cutoff in open offices, private 

offices, and conference and hearing room spaces. 
• Automatic dimming daylighting control of lobby/corridors. 
• Occupancy sensor control of electric lights in lobby/corridors, storage rooms 

and copy rooms, rest rooms, mechanical/electrical rooms, open offices, 
private offices, and conference and hearing room spaces. 

• Dual level switching and manual dimming of electric lights in the conference 
room. 

• Average lighting density of 0.75 W/sf building wide including task lights. 
• Water-to-water heat pumps serving VAV air handling unit. 
• Premium efficiency fan and pump motors. 
• Underfloor air delivering system. 
• CO2 control of outside air. 
• Total heat recovery at 70% sensible and 60% latent effectiveness. 
• Occupancy sensor control of plug load office equipment. 

 
Bundle 2: Bundle 1 strategies with the following changes: 

• Change from water-to-water heat pumps to high efficiency 2 stage water-to-
air heat pumps – 1st stage 14.3 EER, 3.5 COP and 2nd stage 17.0 EER, 3.5 
COP. 

• Remove the underfloor air delivering system. 
 

Bundle 3: Bundle 2 strategies with the following changes: 
• Remove the on-site data center. 

 
Bundle 4: Bundle 2 strategies with the following changes: 

• Change all glazing to 3-element Visionwall glazing (Unit U-factor 0.26, COG 
U-factor 0.20, Solar Heat Gain Coefficient 0.29, Visible Transmittance 0.49). 
 

Bundle 5: Bundle 2 strategies with the following changes: 
• Allow heat pump fans to cycle (fan operates only when there is call for 

heating or cooling). 
 

Figure 4 shows the simulation results in kBtu/sf for each of the bundles and for the code 
compliant base building. 
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(Courtesy of The Weidt Group) 

Figure 4. Simulated Annual Total Energy Use During Design (kBtu/sf) 
 

A simple payback analysis was conducted which included the incremental construction 
costs and utility incentives. Figure 5 highlights the simple economic analysis for each 
bundle compared with the code base building. The annual energy cost savings for the five 
bundles range between $34,153 and $36,221 with the paybacks ranging from 9.3 to 26.4 
years. 

 

 
 (Courtesy of The Weidt Group) 

Figure 5. Bundle Construction Costs & Simple Paybacks with Utility Incentives 
 

The design team decided to use Bundle 5 as the basis of design and the analysis shows it 
is the optimal economic choice with the highest amount of energy cost savings and nearly 
the lowest simple payback period. 
 

2.3. Building Envelope 

During the preliminary design twelve building envelope strategies were investigated: six 
focused on the insulation rating of the walls and six on the roof. Two of the building 
envelope strategies included the code minimum insulation R-values as determined by the 
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2004 ASHRAE 90.1 Appendix G methodology. The code compliant strategies have R-8.1 for 
the walls and R-15.9 for the roof. 

The remaining strategies focused on different wall and roof construction with increasing R- 
values; the wall R-values ranged from R-16 to R-23 and the roof R-values ranged from R-24 
to R-50. Two different precast insulated panels and a white roof were also considered in the 
analysis. The design team ultimately selected R-23, precast insulated panels for the walls and 
a built up R-30 white roof for the basis of design [5]. 

The building envelope walls are comprised of pre-cast insulated concrete panels. The design 
team implemented a strategy that allowed continuous insulation to wrap from the roof into 
the thermal wythe of the wall panel and then down and around the foundation system and 
across the underside of the slab-on-grade (Figure 6). This configuration increases thermal 
mass and decreases the likelihood of thermal bridging within the walls. The walls behave as a 
continuous insulated assembly with overall better heat transfer characteristics than a more 
traditional built-up framed wall. The roof of the IUB/OCA is also very well insulated and has 
an exterior white surface to reduce solar gain and improve thermal performance. 

 

(Courtesy of BNIM Architects) 

Figure 6. Continuously Insulated Building Envelope 
 

2.4. Window Glazing and Operable Windows 

Eleven different glazing strategies were investigated for the fenestration component of the 
building. The analysis investigated the following common performance metrics of windows: 
the overall heat transfer coefficient of the window assembly (U factor); the center of glass 
(COG) U factor; the solar heat gain coefficient (SHGC); and the visible transmittance (VT).   
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The metrics of window assemblies, windows, and glazing can be complicated so a further 
explanation of the terminology is warranted. The overall unit or assembly U factor includes 
the window framing and window pane as a complete unit. The COG U factor is only for the 
window pane and represents a one square inch area located at the center of the glass. The 
SHGC is the fraction of incidental solar radiation passing through a window. The VT fraction 
is the visible portion of the spectrum passing through the glazing. 
 
Iowa’s climate is heating dominant and therefore typically higher solar heat gains are desired, 
meaning glazing with a higher SHGC is preferred. It is normally desirable to have higher VT 
values to increase the daylighting capability within the space, especially in commercial office 
spaces where artificial lighting can represent a considerable fraction of energy consumption 
[6].  
 
The IUB/OCA building has a window to gross wall area ratio equal to 34.6%. The ASHRAE 
90.1 Appendix G base building has a window to wall ratio between 30 and 40%. The base 
building fenestration performance requirements are determined by the climate zone as well as 
window to wall percentages. In addition to the base building envelope R-values, Table 5.5-5 
in ASHRAE 90.1 states the required U-factors, SHGCs and VTs. 
 
The IUB/OCA windows were specified as operable to utilize natural ventilation (Figure 7). 
The building automation system identifies favorable outside conditions, and sends an email 
to occupants when windows can be opened and when they should be closed. The control 
system automatically shuts down the associated zone’s heat pumps when windows are 
opened. These windows are also installed within 15 feet of 53% of the interior spaces to 
maximize the use of natural daylight. 

 
(Courtesy of BNIM Architects) 

Figure 7. Operable Windows Allow Natural Ventilation 
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2.5. Geothermal Heat Pump System 

Heat pump systems move thermal energy very efficiently to and from the building via a 
reservoir or heat sink. The basic heat pump unit utilizes a vapor compression cycle with a 
reversing valve to provide warm air during the heating season and cool air during the 
summer. During the cooling cycle the heat pump system absorbs heat from the building and 
rejects it to the source, while in the heating cycle the system absorbs heat from the source and 
rejects it to the building. Forced air systems that consist of air handling units and terminal 
units primarily transfer energy through air streams, while geothermal heat pump systems 
transfer energy through water or other liquid heat transfer fluids. Heat transfer by liquid 
fluids is typically more energy efficient than by air.  
 
During the winter and fall seasons, southern and northern zones may have different cooling 
and heating demands. Heat pump systems are ideal under simultaneous heating and cooling 
conditions as the loop water allows for rejecting heat absorbed from the southern zones to the 
northern zones. 
 
The design team focused on the mechanical heating and cooling strategies based on a heat 
pump system configuration, since the building simulation model results demonstrated using a 
forced air system would not meet the building energy performance goal of 28 kBtu/sf-yr. The 
heat pump strategies considered included one and two stage units, constant and variable 
pump flow control, and unit fan cycling. In the final design, dual stage water-to-air heat 
pumps were selected.  
 
The As-Built documents list 42 water-to-air units varying in capacity from 1.5 tons to 5 tons 
with minimum EERs ranging from 11.5 to 15.5. The two water-to-water units used for 
radiant heating system for perimeter zones during winter period have a minimum COP equal 
to 3.21. Figures 8 and 9 show simplified schematics of the geothermal heat pump system 
design. 
 
The heat pumps utilized in the IUB/OCA building are served from a horizontal geothermal 
well field west of the building (Figure 10). Such a system is commonly referred to as 
geothermal heat pump system. The horizontal closed loop well field contains U-shaped 
piping where pairs of pipe in each bore hole are connected to manifolds in a geo vault. The 
645 feet long geothermal loop is the longest known Horizontal Direct Drilling (HDD) 
geothermal loop ever installed in the United States. 
 
The temperature below the ground in Des Moines remains relatively constant, ranging 
between 50 and 60°F, throughout the year. Variations are due primarily to climate and 
latitude, but soil composition also affects heat transfer characteristics. The ground 
temperature 20 feet below the surface is approximately equal to the mean annual air 
temperature. The energy exchanged by a geothermal system is mainly due to the solar energy 
absorbed by the ground. 
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Space cooling is provided by the geothermal heat pump system when the refrigerant absorbs 
heat from an indoor air supply through evaporation and rejects it to an underground water 
loop. Space heating occurs when the refrigerant absorbs heat from the ground loop and 
rejects it into the indoor air supply. Because the ground is both the source and the sink for the 
energy required for heating and cooling, the overall system is very energy efficient. While 
the operational energy costs of a ground source system are typically lower than that of 
conventional mechanical HVAC systems, the initial capital costs can often be higher. Utility 
companies typically provide incentives to recover some of these increased incremental costs 
in order to encourage energy efficient building design. 
 
 

 
Figure 8. Simplified Schematic of Geothermal Heat Pump System 
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Figure 9. Simplified Schematic of Radiant Heating System 
   
Building energy simulation determined geothermal heat pumps with variable pumping have 
the greatest comparative energy saving potential of all the energy efficiency strategies 
studied. The original base case simulation resulted in annual electricity consumption equal to 
949,000 kWh while Bundle 5 consumed 358,000 kWh. The base case mechanical system 
determined by ASHRAE 90.1-2004 Appendix G consists of a packaged VAV system with 
parallel fan-powered electric reheat boxes. The system cooling is direct expansion and the 
heating is electric resistance. 
 
The IEC commissioned two studies that expanded the energy modeling for the project. There 
were two factors that were not easily modeled using the overall energy tools, but needed a 
more specific evaluation to determine the best option. First, the variation in manufacturer 
heat pump efficiencies was evaluated at a detailed level, to determine if there was sufficient 
variation to warrant a different procurement strategy. The differences in efficiencies were 
sufficient that alternatives were added to the project specifications such that the additional 
cost of the most efficient units could be evaluated.  During analysis of the bids, the most 
efficient manufacturer units were within the budget and were selected for the project. 
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Second, the determination of the most efficient pumping system is not well handled by the 
overall global energy modeling tool being used on the project.  A more detailed spreadsheet 
analysis was developed to fully understand the dynamic between centralized variable flow 
pumping versus fully distributed constant volume pumping. Many variations and alternatives 
were explored, with the lowest energy version being selected; a hi-bred system of centralized 
pumping with constant flow for larger loads was selected for the building. Note that in Figure 
8 and Figure 9 the majority of the heat pumps are served by a centralized variable flow 
system. The individual heat pumps have two position valves so they are open to the loop only 
when the compressor is running and loop water is needed. By controlling the loop flow based 
on pressure required to serve the heat pumps, significant pumping energy is saved. 
 
However, the two large loads, the ERV and Radiant Heating system, represent a large flow 
requirement and pressure drop.  They also need a constant flow for best performance.  
Therefore these loads have separate constant flow pumps that only run when those units’ 
compressors operate, and the central pumps then respond to provide the right flow. 
 

 
Figure 10. Simplified Site Plan with Geo-well Field 
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2.6.  Total Energy Recovery Ventilator 

To further reduce energy consumption and provide the necessary fresh air for ventilating and 
improving indoor air quality, the design team investigated several strategies to condition the 
outside air. Five strategies were examined: CO2 monitoring and control, an underfloor air 
distribution system (UFAD), varying the thermostatic setpoint and setback temperatures, 
operating under a four-day, 10-hour per day work week, and utilizing a total heat recovery 
unit. 
 
Schedule changes and varying the building’s temperature settings are conceptually 
straightforward and do not require the addition of new technologies. An underfloor air 
distribution system simply provides the conditioned air via a series of channels or ductwork, 
terminal units and diffusers installed within a raised floor system. A UFAD can improve a 
mechanical system’s overall ventilation effectiveness and normally allows operation with 
higher cooling temperatures and lower heating temperatures; however, often space 
constraints and restrictions prevent it from being a viable alternative and energy savings can 
often be overstated.  More research is being done to fully determine the efficiency of this 
system type. 

 
ASHRAE Standard 62.1 provides the basis of determining the appropriate ventilation rates 
for when the building is occupied. A building can be occupied but a certain room or space 
might only experience periodic usage. Providing ventilation air based on CO2 levels can offer 
significant energy savings by allowing the ventilation system to operate intermittently instead 
of continuously.  
 
There are two basic types of air-to-air energy recovery units typically utilized in building 
HVAC systems. A heat recovery ventilator (HRV) usually refers to a device that transfers 
sensible heat or energy from the exhaust air stream to the supply air stream. The heat transfer 
raises the incoming outdoor air temperature in the winter and lowers it in the summer. A total 
energy recovery ventilator (ERV) is a device that can transfer both sensible and latent heat 
between air streams and allows for some moisture to be exchanged, potentially raising the 
humidity of the incoming outdoor air in the winter and lowering it during the summer. 
 
Utilizing an energy recovery ventilator can have significant implications on the operational 
costs of the HVAC system. Mechanical humidification is energy intensive and requires an 
additional 1,100 Btu/lb of energy to change phase to increase the airstream humidity and 
generally requires overcooling the supply air to wring the excessive moisture out but may 
result in the need for reheating it [7]. The ERV is a cost effective means of conditioning the 
outdoor air to provide better indoor air quality and lower energy and operational costs. 

 
The selected design features a 6,000 CFM total energy recovery ventilator with a design 
specified 62% summer effectiveness and 68% winter effectiveness (Figure 11). The final 
system design does not include an underfloor air distribution (UFAD). The total heat 
recovery ventilator represents the second largest energy cost savings potential of all the 
energy efficient strategies examined and the CO2 control was the third largest in terms of 
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potential energy cost savings. 
 
 

 
Figure 11. Total Energy Recovery Ventilator 

2.7.  Lighting System 

Energy efficiency strategies involving lighting can include the lighting design in terms of the 
lighting power density, i.e. the allowable wattage per square-foot, the lighting technology 
such as lamps, ballasts and fixtures, and lighting control by switching, sensors or scheduling.   
 
ASHRAE 90.1-2004 has different allowable maximum lighting power densities based on 
space function and or typical building usage. The minimum code compliant or base case 
building has a lighting power density equal to 1.30 W/sf. The design team investigated three 
different building wide densities: 1.00, 0.75 and 0.50 W/sf, respectively. In addition to the 
lighting power densities, the team also examined lighting technology and control strategies. 
The technology strategies included super T8 lamps, extra efficient ballasts, high Kelvin 
lamps, and highly reflective interior surfaces. The control strategies included dual level 
switching and occupancy sensors.  
 
Higher Kelvin temperatures, ranging from 3,600-5,500K, correspond to cooler and lower 
color temperatures. Color temperatures within the range of 2,700-3,000K are referred to as 
warm. A cool lamp refers to colors close to blue and green and warm indicates colors in the 
yellow and red range. A color temperature of 2,700-3,600K is usually recommended for 
indoor task lighting. 
 
Both a super T8 lamp and a standard T8 lamp consume about 32 W of power; however, the 
super T8 lamp provides 3,100 lumens, while the standard T8 provides 2,800-2,950 lumens. 
The efficacy for super T8 lamps is 93-98 lumens per watt and standard T8 lamps is 83-90 
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lumens per watt. Additional lighting technologies examined include reduced wattage T8, T5, 
and T5HO lamps which have efficacies of 88-92, 85-91, and 80 lumens per watt, 
respectively. 

 
The design team determined in certain zones a lower than code lighting system allowed for 
power density equal to 0.75 W/sf and occupancy sensor controlled lighting provided 
sufficient energy cost savings to be included in the building design strategies. Dual level 
switching and manual dimming of electric lights were also designed into the conference 
room. 

 
2.8. Daylighting Design and Control 

Daylighting control is an attempt to bring daylight into interior building spaces by means of 
windows, skylights, light tubes and shelves. A space that can be properly illuminated with 
daylight can reduce the need for artificial lighting and may even reduce heat gain into the 
space. A well designed daylighting control strategy can lower lighting energy usage and 
operating costs as well as possibly reduce the building’s HVAC cooling load. 
 
In the northern hemisphere, effective daylighting is accomplished by means of south-facing 
windows which allow the most winter sunlight in and with proper shading to minimize the 
direct summer season sunlight entering the space. Daylighting on north facing windows 
admits a relatively even lighting level with minimum glare and nearly no direct solar gain 
during the cooling season. Ideally, daylighting from the east and west exposures should be 
minimized to prevent excessive glare common during the morning and afternoon, and 
because there is little opportunity for solar heat gains in the winter. 
 
The design team first selected a building with a wide east-west orientation and a narrow 
north-south configuration. The orientation provides the most appropriate daylighting and 
natural ventilation opportunities. Exterior louvered sunscreens were installed with horizontal 
blades and vertical fabric panels on the southern exposure of the building. The screening 
redirects daylight deep into the office interior space during all seasons and blocks summer 
solar heat gain while allowing passive winter heating. Low profile furniture panels with 
translucent upper panels were selected for the open office spaces; the translucent panels 
facilitate daylight harvesting. Light tube skylights installed in the building core deliver 
additional daylighting. On the northern exposure the exterior windows were also positioned 
to maximize daylighting by capturing the diffuse north side light. Figure 12 and Figure 13 
illustrate the daylighting design features discussed above. 
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(Courtesy of BNIM Architects) 

Figure 12. Daylighting Design Features 1 
 

The design team also investigated various daylighting control strategies focused on dimming 
the fluorescent lighting within the spaces. The dimming was either stepped or continuous and 
was examined for the open offices, private offices, conference room, and lobby/corridor 
areas. To maintain an adequate level of lighting in the open and private offices, daylighting 
photo sensors are used for continuous dimming control. The building perimeter daylight zone 
depth is between 15 and 20 feet and comprises 30% to 60% of the total floor area. As a 
general rule, there is a potential of 30% to 60% savings in lighting energy. 
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Figure 13. Daylighting Design Features 2 

 
2.9. Plug Loads 

The energy consumed by plug loads can be substantial. In 2003 the EIA reported, based on 
results from the Commercial Buildings Energy Consumption Survey, plug loads can account 
for up to 19% of electrical energy consumption in commercial buildings [1]. 

 
In building simulation models, plug loads represent receptacle loads, miscellaneous loads, 
unregulated loads, or process energy loads in industrial applications. Plug load is the energy 
used by loads connected to ordinary electrical outlets and do not include any HVAC system, 
lighting system, or water distribution system. Office equipment such as computers, monitors, 
printers, copiers and even refrigerators and cooking equipment are considered plug loads. A 
non-outlet example of a plug load is the electrical motor for a building elevator. 
 
The design team investigated two plug load strategies, one using occupancy sensors to 
control office equipment and the other possibly replacing the data center space with a copier 
and storage space. At the time of design, and even into early construction, the state was 
unsure if there was going to be a centralized data center, or if this building was going to have 
to provide that function.  So the initial system design included both a Computer Room Air 
Conditioning (CRAC) unit and a heat pump for the space that was designated as a data 
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center.  The design team tried to make the room flexible and use the least energy with either 
option.  A central data center was constructed, but this room is now just a data hub with very 
low loads, and the CRAC unit has been shut off and the room conditioned by the heat pump. 
Eventually the team implemented occupancy sensor controls for the office equipment. The 
occupancy sensor control is a significant improvement over the code minimum requirement 
of manual control. 

 
2.10. Photovoltaic System 

The IUB/OCA office building was designed with a photovoltaic (PV) system to operate in 
parallel with the electricity power grid. The electricity generated on-site by the PV system 
allows the building to reduce operating energy costs, or provide excess generation that goes 
back into the Capital Complex electrical system and reduces overall energy purchased from 
the utility. The PV system also provides an opportunity for LEED® 2.2 certification credits 
and helped the building reach Platinum Level. 

In the northern hemisphere, to maximize the utilization of solar energy, a photovoltaic panel 
should face true south but it is also important to attempt to optimize the tilt angle of the 
panel. The tilt angle of the panel is with respect to the horizontal roof line and for the Des 
Moines climate is optimal at 41 degrees. Project constraints, limitations and trade-offs 
sometimes prevent the optimal configuration.  

The PV system for the IUB/OCA office building consists of a total of 198 roof-mounted, 
fixed-tilt panel modules. The panels cover most of the north and south wing roofs and are 
installed with a 15 degree tilt angle orientated 12 degrees of due south. The photovoltaic 
array was designed with a DC rating of 45.5 kW, an AC rating of 35.1 kW, and with a 
minimum system performance of 55,633 kWh annually. Figure 14 shows a photo of the north 
wing PV panels. 
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Figure 14. Photovoltaic System 

(Courtesy of IUB/OCA)  
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3. ENERGY PERFORMANCE EVALUATION 

3.1. Building Energy Performance Evaluation Methodology 

To study and monitor the energy performance of a commercial building, it is necessary to 
develop a system in which a comparison can be made between the actual energy 
consumption and the energy consumed by a typical comparable building. There have been 
many research projects conducted by the U.S. Department of Energy (DOE) on development 
of performance metrics for measurement and standardization of energy consumption for 
commercial buildings. It is important to identify performance metrics with the highest 
reliability and ease of measurement, especially if they are to be adopted by industry 
professionals. Numerous government agencies and private organizations have been involved 
with the development of energy performance metrics over the past several years and have 
done case studies evaluating high performance buildings’ performances [8][9]. Some of the 
nationally recognized guidelines and standards used in building performance benchmarking, 
measurement and verification are listed below: 
 
• Guideline 14, Measurement of Energy and Demand Savings: ASHRAE 2002 
• Standard 105, Standard Methods for Measuring, Reporting, and Comparing Building 

Energy Performance: ASHRAE 1999. 
• Protocols for measurement and verification projects (IPMVP 2010). 
• ENERGY STAR® program for determining energy performance (EPA 2005).  
• Leadership in Energy and Environmental Design (LEED®) rating systems for promoting 

sustainable building design (USGBC 2005). 
 
In this report, the above guidelines, standards, or benchmarking system are referenced in 
evaluating the whole-building performance of the IUB/OCA building. 
 
More than 1,000 data points were collected at 5-minute or 15-minute intervals by the 
building automation system at the IUB/OCA building. These data are used to compile and 
analyze actual building energy performance. The actual building performance is evaluated at 
both the whole building and sub-system levels by comparing the results to design parameters 
in this chapter. The results for whole-building analysis included annual site energy use 
intensity, measured PV production, seasonal load shape profile, ENERGY STAR® rating, 
and LEED® rating. Detailed end uses on specific sub-systems are also analyzed. 
 
The As-Designed simulation model was calibrated against measured performance, actual 
occupancy and operation schedules, and actual weather data to create an As-Operated model 
by the Energy Modeler (The Weidt Group). In Chapter 4, the As-Operated model results are 
compared to the As-Operated Baseline model (based on ASHRAE 90.1-2004 Appendix G) to 
determine energy savings over the evaluation period for the whole building and the sub-
systems. 
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3.2. Evaluation Period 

The IUB/OCA building was dedicated on April 28, 2011. In the first year of occupancy, the 
PV panels were partially activated. The overall energy performance of IUB/OCA office 
building was analyzed based on the data collected in 5-minute and 15-minute intervals for 
one full operating year starting on April 1, 2012 and continuing through March 31, 2013. 
It is planned that the building energy data set be continuously collected for the following four 
years. 

 
3.3. Building Energy Measurement Data 

Since March 2012, more than 1,000 building energy measurement data points have been 
collected in 5-minute intervals by the Building Automation System (Siemens Apogee, Figure 
15) and in 15-minute intervals by the Power Monitoring System (PowerLogic). Data were 
categorized based on different subsystems and output daily to 27 Comma-Separated Value 
(CSV) files. Table 3 shows these file names and the number of points for each file. These 
data points were selected to cover all power and energy consumptions at the individual 
circuit/breaker level, plus key points in sub-systems’ monitoring, control, and energy 
calculations (temperature, air flow, water flow, CO2 level, occupancy, operable window 
status, and weather, etc.). 
 
All temperature and flow sensors were calibrated during the commissioning process. All data 
are archived on the owner’s energy management data storage system and the above select 
data were automatically placed on the Iowa Energy Center FTP server daily. For the power 
and energy consumption measurement, the accuracy of branch current monitors used to 
measure and collect breaker circuit current data is 2% of reading and the accuracy of 
electrical power meters is 1% of reading. The temperature, humidity and pressure 
instruments were specified to be at least ±2% full scale accuracy and the airflow measuring 
stations at ±5% accuracy. The control and monitoring points were all verified during the 
commissioning process. 
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Table 3. Building Energy Measurement Data Files 

# File Names File Description # of 
points 

1 Building_Lighting_KW.CSV Building general lighting power & consumption 68 
2 Data_Center_KW.CSV Data center power & consumption 76 
3 Domestic_HW_KW.CSV Domestic hot water power & consumption 76 
4 Elevator_KW.CSV Elevator power and consumption 2 
5 Fire_Security_KW.CSV Fire & security power and consumption 20 

6 HVAC_CRU_Energy.CSV HVAC computer room unit temperatures and 
water flow 5 

7 HVAC_CRU_KW.CSV HVAC computer room unit power and 
consumption 6 

8 HVAC_ERV_Energy.CSV HVAC energy recovery ventilator temperatures 
and air flow 37 

9 HVAC_ERV_KW.CSV HVAC energy recovery ventilator power and 
consumption 6 

10 HVAC_Geo_Circ_Pump_KW.CSV HVAC geothermal circulating pump power and 
consumption 42 

11 HVAC_Geo_Heat_Pump_KW HVAC geothermal heat pump power and 
consumption 214 

12 HVAC_GeoExchange_Energy.CSV HVAC geothermal exchange temperatures and 
water flow 16 

13 HVAC_Glycol_Feed_KW HVAC glycol feed power and consumption 2 
14 HVAC_Others_KW.CSV HVAC miscellaneous power and consumption  70 
15 HVAC_Sump_Pump_KW.CSV HVAC sump pump power and consumption 8 

16 HVAC_WWHP_Energy.CSV HVAC water-to-water heat pump temperatures 
and water flow 8 

17 Main_KW Main power meter readings 2 
18 Meeting_RM_CO2.CSV Meeting room CO2 levels 3 
19 Meeting_RM-OCC.CSV Meeting room occupancy 3 
20 Office_Scheduled_OCC.CSV Office scheduled occupancy 3 
21 Photovoltaic_KW Photovoltaic power and consumption 2 
22 Plug_Loads_KW.CSV General plug loads power 148 
23 Plug_Loads_KWH.CSV General plug loads consumption 148 
24 Site_Lighting_KW.CSV Building site lighting power and consumption 6 
25 Task_Lighting_KW.CSV Building task lighting power and consumption 38 
26 Weather.CSV Weather points 5 
27 WINDOWS.CSV Operable windows open/close status 23 

Total# of Points 
 

1,037 
 

 



 

27 

 
(Courtesy of Iowa Department of Administrative Services Facility Management) 

Figure 15. Building Automation System Screen Shot 
 
By recording energy end use at the circuit level, aggregated energy consumption in the sub-
categories such as HVAC, lighting, and plug loads, etc. can be calculated. The key energy 
and indoor-air quality related data allows detailed evaluation of subsystem performance and 
helps with the investigation of any operation problems. The data can also be used to calculate 
actual sub-system performance metrics which can then be compared with design parameters 
or specifications. 

 
3.4. Whole Building Performance 

The most common and prevalent metric used in evaluating a building’s performance is the 
energy use intensity (EUI). The EUI is a building’s energy consumption for an entire year 
and has the units of kilo Btu per square feet per year, or kBtu/sf-yr. In addition to the 
building’s EUI, it is helpful to examine EUIs for various building sub-systems, such as the 
HVAC, lighting, plug loads, etc. Table 4 summarizes and Figure 16 illustrates the annual 
energy use intensity of the IUB/OCA, and categorizes by its subsystems based on data 
collected from April 1, 2012 through March 31, 2013. 
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Table 4. Energy Consumption Breakdown 

Main Category Sub Category EUI, kBtu/sf-yr Percentage of 
Consumption 

HVAC 

Water to Air Heat Pumps 3.30 15% 
Water to Water Heat Pumps 2.81 13% 
ERV 3.20 15% 
CRAC unit 0.00 0% 
HVAC Others 0.42 2% 
Total Pumps 2.02 9% 
Sub-total 11.75 54% 

Lighting 

Building Lighting 3.95 18% 
Task Lighting 0.10 0% 
Exterior Lighting 0.52 2% 
Sub-total 4.57 21% 

Plug Loads & 
Others 

Plug Loads 2.82 13% 
Data Center 2.51 11% 
Domestic Hot Water 0.06 0% 
Sump and Surge Pumps 0.00 0% 
Elevator 0.01 0% 
Fire and Security 0.15 1% 
Sub-total 5.53 25% 

Summation 21.88 
 

 PV 4.52 21% 
Building Main Meter 16.95 79% 
Building Total 21.47 
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Figure 16. Energy Consumption Breakdown 

 
The net building energy consumption, attained by summing the sub-meters, is calculated at 
21.9 kBtu/sf-yr. The EUI calculated with the main meter reading is 21.5 kBtu/sf-yr. The 
difference of approximately 2% could be related to the uncertainties of power meters and the 
accumulation of errors from all individual meters. 
 
The HVAC system clearly consumes the most energy, accounting for 54% of the total energy 
consumed. Lighting accounts for 21% of the total, the plug load comprises 13%, and the data 
center, domestic hot water, fire and security, and elevator make up the remaining 13%. 
 
How does the 21.5 kBtu/sf-yr value compare to similar buildings nationally? Based on the 
Iowa Department of Administrative Services Capitol Complex facility management, the 
IUB/OCA office building’s EPA Portfolio Manager ENERGY STAR® rating as of August 
2013 is 100. This building is one of very few ENERGY STAR® 100 buildings and is one of 
the most energy efficient office buildings in the United States. The IUB/OCA building was 
also certified by the U.S. Green Building Council (USGBC) with LEED® Platinum rating in 
2012 for its energy efficient and sustainable building design and operations (Figure 17). The 
mechanical system design won a second place International Technology Award from 
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ASHRAE in 2013, and the architectural design received an American Institute of Architects 
(AIA) COTE Top Ten Plus Award in 2014. 
 

 
Figure 17. LEED Platinum Plaque for IUB/OCA Building 

 
Compared to the ASHRAE 90.1-2004 Appendix G baseline model prediction of 65.0 EUI, and 
considering the PV array energy contribution, the proposed design building performance EUI of 
28.5 represents a 56% net reduction in energy use, and the actual verified building performance 
EUI of 16.9 is 74% net reduction in energy use (Figure 18). 
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Figure 18. Building Energy Performance Comparison 

 
3.5. Electric Load Shape Profile 

The weekday electric consumption load profile is illustrated in Figure 19 and shows the 
average daily load profile for each season during the monitoring period. The spring profile is 
the average hourly consumption averaged over March, April, and May; the summer includes 
June, July, and August; the fall includes September, October, and November and the winter 
includes December, January, and February. 
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Figure 19. Building Total Electric Daily Load Profile 

 
The spring and fall average weekday daily load profiles are very similar, as both seasons are 
considered mild “transition” seasons. In summer months, electric demands are higher in late 
afternoon than those in the spring and fall months. The summer months are warmer and the 
building experiences an increased cooling load. Overall the winter month demands are 
significantly higher than the other seasons. Iowa is a heating dominate climate and a building 
has higher energy consumption as a result of the cold weather. The heating loads must be met 
by heat pumps and the radiant heating system. 

 
3.6. Building Envelope 

The energy consumption in commercial buildings is attributed to several main categories: the 
mechanical and HVAC systems, the lighting systems and the plug or process loads. In a 
typical commercial building, the HVAC system consumes the majority of the building’s total 
energy consumption.  The building envelope and windows also play an instrumental part in 
how much energy a commercial building may consume, but it is difficult to quantify via 
actual measurement. 
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A building envelope is comprised of a building’s walls, roof, floor and fenestration. 
Considerable effort was involved in designing and constructing the IUB/OCA’s thermally 
efficient envelope. The building utilizes precast concrete panels with continuous insulation to 
help mitigate thermal bridging between structural components.   
 
A common metric for evaluating the energy efficiency of an envelope is to compare the 
thermal resistance and/or the thermal transmittance characteristics of a building envelope’s 
components with established minimum values. Thermal resistance is the R-value of a 
material and has units of h-ft2-°F/Btu and thermal transmittance is the U-factor with units of 
Btu/h-ft2-°F. 
 
ASHRAE Standard 90.1 states the minimum thermal resistance and transmittance values for 
the envelope components based upon a building’s climate zone, the overall construction 
characteristics and subsequent intended use. In addition to listing the minimum values, 
ASHRAE 90.1 2004 Appendix G highlights the procedure used to determine the minimum 
construction characteristics of the baseline building. 
 
The thermal resistance of a building component, such as a wall, can be measured 
experimentally by utilizing a heat flux transducer and two temperature transducers.  
Accurately measuring heat flux can be challenging, especially field measurements since there 
are many extraneous factors in an actual building setting.  
 
IEC staff members conducted several days of field measurements at the IUB/OCA to attempt 
to verify the thermal resistance of precast insulated concrete panels used as the building’s 
exterior walls. The IEC used a heat flux sensor along with two thermal couples and data 
logger, and generally followed the guidelines and principles outlined in ASTM Standards 
C1046-95 and C1155-95. ASTM C1046 – 95 is titled “Standard Practice for In-Situ 
Measurement of Heat Flux and Temperature on Building Envelope Components” and ASTM 
C1155-95 is “Standard Practice for Determining Thermal Resistance of Building Envelope 
Components from In-Situ Data.”  
 
The IEC worked with IUB/OCA and Department of Administrative Services personnel to 
identify potential measuring sites within the building. The measurements were performed on 
an east facing wall in the Loading Dock room within the link section, a south facing wall in 
the Hearing Room within the south wing, and a north facing wall in the Records Center 
Workroom within the north wing, see Figure 20. 
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Figure 20. Building Layout and R-Value Measurement Locations 

 
To better determine the R-value from the collected field measurements, IEC staff utilized the 
calculation methodology outlined in ASTM C 1155 “Standard Practice for Determining 
Thermal Resistance of Building Envelope Components from In-Situ Data.” The calculation 
of thermal resistance is determined by the expression:  
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where R(t) is the thermal resistance in h-ft2-°F/Btu ; T(t)in the interior surface temperature in 
°F ; T(t)out the exterior surface temperature in °F; and q(t)in the heat flux in Btu/hr-ft2. 
 
The formula is the summation of the temperature difference between the inside and outside 
walls divided by the summation of the measured heat flux. The summations are cumulative, 
meaning the result at time period 1 is added to the subsequent period and so on. The 
methodology allows for a test of convergence which can mathematically imply whether the 
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system reaches steady state. The following expression is suggested for the testing of 
convergence. 
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where CRn is the convergence on the nth hour. 
 
A convergence criterion is considered satisfied if the absolute value of CRn is less than 0.10 
for a period greater than 3n or 3 times the evaluation period. ASTM C115 suggests starting 
with n equal to 6 hours but other variations of 1 < n < 12 hours can also be investigated. 
 
The results for the east facing wall in the loading dock room are highlighted in the following 
figure. 
 

 
Figure 21. Heat Flux, Surface Temperatures and Accumulated R-value for East Wall 

 
The analysis shows the measured accumulated R-value of 23.0 corresponds well to the 
design specified R-value for the pre-cast insulated concrete wall sections. Results from the 
other two test locations did not compare well with the design specified R-23 value. It is 
suspected that the wall sections in both the Hearing Room and Records Center Workroom 
have windows that may influence the wall surface temperatures and ultimately the heat flux 
measurement. The exterior Loading Dock wall is continuous concrete and it is believed this 
uniformity of construction leads to more stable, uniform temperature and heat flux profiles. 
Overall, accurately measuring R-value in the field can be challenging, but having the 
experimental results for the uniform wall agree with design R-value specifications supports 
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the approach and methodology. 
 
3.7. Operable Windows 

Unlike most commercial office buildings, the IUB/OCA has operable windows to enhance 
occupant comfort and satisfaction as well as potentially improve indoor air quality and 
ventilation effectiveness. Use of the windows is tightly controlled and the staff is notified via 
email when the outside conditions are favorable to open the windows for natural ventilation. 
To ensure proper use, the staff are again notified to close the windows when the outside 
conditions deteriorate or at the end of the working day. Although it may be possible to lower 
the energy consumption associated with mechanical ventilation with operable windows, they 
are mostly a feature to enrich occupant satisfaction. The individual zone level heat pumps are 
automatically shut down when the associated operable windows are open, but developing a 
relevant performance metric or quantifying energy savings attributable to these operable 
windows could be very complicated. 
 
To facilitate determining when natural ventilation can or should occur, the design team 
developed some general, adjustable guidelines. According to the construction documents, 
outside air conditions are considered optimal for opening windows if the temperature is 
between 62°F and 79°F, the relative humidity is less than 50%, the wind is less than 10 mph 
and the conditions remain desirable for longer than 1 hour.  
 
Figure 22 highlights how the 25 operable windows opened and closed corresponding to the 
email notification sent on June 7, 2012 regarding the open/close signals. On that day, eleven 
of the 25 operable windows opened immediately or shortly after the initial open signal was 
sent. Eight of the 25 closed immediately or shortly after the close signal was sent. Three 
opened before the open signal was sent, and five closed long after the close signal was sent. 
Nine operable windows did not have any change in status that day. In general, about half of 
the windows were operated as intended. 
 
Figure 23 shows the total water-to-air heat pump electric demand on June 7, 2012. It shows 
that during the optimal condition period to open/close the operable windows, roughly from 
8:00 AM to 1:45 PM, the total water-to-air heat pump demand of 2 kW was much smaller 
than the 4 kW demand during the 2:00 PM to 5:00 PM period. The potential energy savings 
due to automatic shutdown of some of the heat pumps is significant considering 15% of total 
building energy use is attributed to the water-to-air heat pumps. 
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Figure 22. An Example of Operable Windows Status vs. Optimal Opening Period 

 
Figure 23. An Example of Heat Pump Total Demand vs. Optimal Opening Period 
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3.8. HVAC System 

The mechanical HVAC system used for IUB/OCA office building is a geothermal heat pump 
system comprised of a geothermal well field, water to air heat pumps, water to water heat 
pumps and a total energy recovery ventilator (See Figures 8 and 9). As discussed in Section 
3.4, the IUB/OCA building overall HVAC system energy use is approximately 54% of the 
total building energy use. The metrics used to evaluate the performance vary based on the 
type of HVAC equipment. The following sections describe the common metrics for the 
HVAC system and equipment utilized at the IUB/OCA building. 
 
As stated above, within the HVAC category, the water to air heat pumps account for 15% of 
total building energy use, the ERV for 15%, and the water to water heat pumps for 13% and 
together comprise majority of the energy use. Various circulation pumps used 9% of total 
building energy and the lowest consumption in the mechanical HVAC category is the 
domestic water heating which is fairly typical in a commercial office building.   
 

3.8.1. Geothermal Heat Pump System 

3.8.1.1. GHP System COP and EER 

A geothermal heat pump or ground source heat pump (GHP) system moves heat 
efficiently by utilizing a vapor compression cycle with a reversing valve and by 
utilizing the ground as a heat sink. In the cooling mode, a GHP system provides 
cooling in the same manner as a direct expansion (DX) air conditioner. For heating, 
the system simply works in reverse where the cooling occurs on the outside and 
heating on the inside. In the United States, the cooling performance of a GHP system 
is typically the Energy Efficiency Ratio (EER) and is expressed in units of Btu/W-h 
while the heating performance is typically expressed as the dimensionless Coefficient 
of Performance (COP). 

 
COP is a dimensionless quantity expressed as a ratio where both the numerator and 
denominator have the same energy units. COP is the thermal energy transferred, 
either exhausted or extracted, divided by the electrical energy work input: 

 

)(
)(

inputenergyElectrical
outputenergyThermalCOP =        (3) 

       
The energy efficiency ratio (EER) has units of Btu/W-h and is the ratio of the cooling 
capacity (Btu/h) to the electric power input (W) and is usually determined at specific 
operating conditions. The relationship between the COP and EER is given by 

  
EER = 3.41 x COP Btu/W-h.      (4) 
 
The multiplier 3.41 is the conversion factor for converting from Watt to Btu/h. 
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The overall System COP of the GHP system (COPGHP) at the IUB/OCA building is 
expressed as (assuming all heat pumps run in the heating mode): 
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QGHP_load represents the total heat transferred to and from the building for all heat 
pumps including the energy recovery ventilator, and is the summation of each 
recorded 15-minute interval for every hour during a winter day when all heat pumps 
run in the heating mode. The denominator is the total electrical energy input required 
to operate the GHP loop pumps, the building pumps, energy recovery ventilator 
pump, the individual heat pump fans, and compressors. M is the total number of heat 
pumps, and N is the total number of all the geo-loop circulation pumps. The 
individual loop pumps and terminal heat pump units are all electrically metered at the 
IUB/OCA building. For each terminal heat pump, the compressor and fan energy are 
measured as one single value expressed in kWh. 

 
Similarly, the overall System EER of the GHP system (EERGHP) at the IUB/OCA 
building is expressed as (assuming all heat pumps run in the cooling mode): 
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QGHP_load is the total heat transferred to and from the building for all the heat pumps, 
and is the summation of the recorded 15 minute interval for every hour during a 
summer day when all heat pumps operate in the cooling mode. 

 
QGHP_load can traditionally be determined by either examining the air-side or the 
water-side of a GHP system. The air-side method involves using the individual heat 
pump air flow volumes and the supply and return air temperatures. It is difficult and 
expensive to measure individual heat pump air flow volume. The airflows for the heat 
pumps in the IUB/OCA are not individually monitored so the air side method is not 
analyzed in this report. The water-side method is based on the flow rates and supply 
and return temperatures of the heat transfer fluid circulating within the geo-loop.  
 
Individual heat pump COP and EER can be determined if individual geo-loop’s flow 
rates and supply and return temperatures can be measured. However, individual 
loop’s flow rate data are not available for this project; only the main geo-loop’s flow 
rate and supply and return temperatures can be used for the overall System COP and 
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System EER calculations. 
 
The IUB/OCA GHP system utilizes a 25% propylene glycol and water solution as the 
heat transfer fluid. The equation for QGHP_load calculation is: 
 
𝑄𝐺𝐻𝑃𝑙𝑜𝑎𝑑 = 485 ×  𝐺𝑃𝑀 ×  (𝑇𝑠𝑢𝑝𝑝𝑙𝑦 − 𝑇𝑟𝑒𝑡𝑢𝑟𝑛) Btu/h.   (7) 
 
In this equation Tsupply and Treturn are the supply and return loop temperatures of the 
heat transfer fluid for the geo-well field main loop in °F, GPM is the volumetric flow 
rate in gallons per minute for the main loop, and 485 is the coefficient for a 25% 
propylene glycol water solution. 
 
Based on the measured data, the overall hourly GHP System COPs during some cold 
winter days are illustrated in Figures 24 and 25. The electric energy use by 
subcategory is also plotted to investigate the impact of water-to-air heat pump, water-
to-water heat pump, and ERV on the System COP. 

 

 
Figure 24. IUB/OCA GHP System COP in Heating Mode on a Weekend Day 
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Figure 25. IUB/OCA GHP System COP in Heating Mode on Weekdays 

 
The results show the actual GHP System COP varied between 0.4 and 2.3 on the 
weekdays, and 0.4 and 1.2 on the weekend. On the weekend, the building was 
“unoccupied” and therefore most of the equipment, including the water-to-air heat 
pumps and the ERV were not at full load operation. The data show only one of the 
water-to-water heat pumps ran at partial load conditions.  Although the minimum 
specified COP for water-to-water heat pumps is 3.21 the overall System COP is much 
lower and averages around 1. During the weekdays the water-to-air heat pumps ran in 
the early morning hours and ERV operated during the normal occupied periods. The 
overall System COP reached a maximum value slightly over 2.0 during the peak 
heating load conditions. The COP then decreased in the afternoons due to some 
water-to-air heat pumps shutting down because of less cooling load experienced by 
the building. 
 
The overall hourly GHP System EERs during very hot summer design day conditions 
are illustrated in Figures 26 and 27. The electric energy use by subcategory is plotted 
on the same figures to illustrate the impact of water-to-air heat pump and ERV on the 
System EER. The water-to-water heat pumps are part of the radiant heating system 
and were off during summer cooling season. 
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Figure 26. IUB/OCA GHP System EER in Cooling Mode on a Weekend Day 

 

 
Figure 27. IUB/OCA GHP System EER in Cooling Mode on Weekdays 
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the unoccupied mode and not in operation. Only a small number of the water-to-air 
heat pumps were running that day, all in cooling mode to maintain weekend setback 
space temperature.  The overall System EER varied between 5.3 and 22.3. The system 
level EER compares reasonably with the full load specified EER range between 11.5 
and 15.5 of all the individual 42 water-to-air heat pumps. The overall hourly System 
EER is lower when the various heat pumps experienced partial load conditions.  
 
Figure 27 illustrates the overall GHP System EER ranged from 7.2 to 17.5 during the 
two weekdays examined.  The figure indicates the wellfield pumps and building loop 
pumps all operated at minimum speed. Most of the water-to-air heat pumps, as well 
as the ERV, were on during the occupied time periods. The actual GHP System EER 
range corresponded well with the specified EER range for the individual heat pumps, 
especially considering the System EER calculation includes the wellfield pumps, 
building loop pumps, and ERV energy consumption, while the individual heat pump 
EER does not. 

 
3.8.1.2. GHP System Characteristics 

The IUB/OCA office building is oriented along an east-west axis which helps to 
optimize the solar energy collection and daylight harvesting. A central geothermal 
heat pump system with a circulating loop serving both south and north thermal zones 
in a building with an east-west orientation could provide an opportunity for thermal 
energy exchange within the building itself. The internal energy exchange can reduce 
the dependency on external heating or cooling sources. Figure 28 shows the 
schematic of IUB/OCA building’s inherent thermal zones served by geothermal 
loops. 
 
Although the internal thermal loads between north and south zones in the same wing 
could be equal, solar heat gains in the south zones make it possible that the overall 
thermal loads in the south zones could be greater than those of north zones. Climate 
conditions exist during the spring and fall when the south zones require cooling while 
the north zones require heating. The thermal exchange with the ground occurs after 
the heat transfer takes place by extraction and rejection within the south and north 
zones. 
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Figure 28. Heat Exchange between Multiple South and North Thermal Zones 

 
Figure 29 shows the actual average hourly GHP supply and return loop temperatures 
for the entire twelve months of the monitoring period. A linear regression curve fit of 
the data indicate the average loop supply and return temperatures intersect at nearly 
57.9°F which corresponds with an outside air temperature of 42.9°F. The chart 
implies during the spring and fall months when outside air temperatures are in the 40 
~ 50°F range, the IUB/OCA building is not exchanging much heat with the ground. 
The geo-loop supply and return temperatures’ differences are negligible and therefore 
the overall GHP system efficiency is lower than normal. The slope of the linear curve 
fit for the geo-loop supply temperatures is less than the return temperatures which 
indicates the ground is a desirable source/sink for the heating/cooling energy needs of 
the building.  
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Figure 29. Geo-loop Supply and Return Temperatures vs. Outside Air Temperature 

The monthly averaged geo-loop temperature differences between the supply and 
return versus the monthly averaged outside air temperatures are shown in Figure 30. 
The monthly averaged geo-loop temperature difference ranges from +1.8°F in the 
winter to -5.4°F in the summer. During transition seasons, March to April and 
October to November, there were periods when the average outside air temperature 
was between 40 ~ 50°F and the monthly averaged geo-loop supply-return temperature 
differences were near zero degrees; therefore the building exchanged minimal energy 
with the ground.  

 
Figure 30. Monthly Geo-loop Temperature Differences vs. Outside Air Temperature 
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Figure 31 displays the monthly electrical energy consumption of the loop pumps, 
water-to-air heat pumps, water-to-water heat pumps, and the monthly average outdoor 
air temperatures. The chart shows in the winter months the total pump and heat 
pumps’ energy used is the highest since the water-to-water heat pumps are operating 
and providing additional heating through the radiant heating system. During the 
summer months, the water-to-water heat pumps are off and the water-to-air heat 
pumps provide cooling to the building spaces. Excluding the summer months, the 
total water-to-air heat pump energy use is at a minimum during April and November. 
In July, during peak summer conditions, the average daily outside air temperature 
approaches 80°F and a spike in energy consumed by the water-to-air heat pumps 
occurs. The increase in energy consumption is directly related to the highest cooling 
load period which corresponds to the highest geo-loop supply and return temperature 
difference. The use of VFDs on the loop pump motors helps minimize pump energy 
use by controlling their speeds to maintain 7 psi differential pressure in the loop. 
Total pump energy is lower in the summer because the loop pumps for the water-to-
water system were off during the summer months. 
 

 
Figure 31. Monthly Energy Consumption of Heat Pumps and Loop Pumps 

 
3.8.2. Energy Recovery Ventilator 

3.8.2.1. ERV Operations 

A schematic of IUB/OCA ERV is shown in Figure 32. As stated in Chapter 2.6, the 
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selected ERV design features a rated 6,000 CFM total energy recovery ventilator with 
scheduled 62% summer effectiveness and 68% winter effectiveness. In addition to the 
enthalpy wheel, the ERV unit contains an electric preheat coil, a ground source heat 
pump unit with heating/cooling coils, and a hot gas bypass reheat coil to properly 
condition the ventilation air as well as bypass dampers to direct air around the wheel 
section. 
 
The ERV provides the ventilation to the entire building and the air is modulated by 
seven distinct building zone dampers.  The unit has three primary modes of operation: 
occupied full mechanical ventilation; occupied partial mechanical ventilation; and 
unoccupied. During unoccupied hours, the unit does not operate. In occupied full 
mechanical ventilation, the unit delivers 6,000 CFM of outside air and exhausts 97% 
of the supply volume. Occupied partial mechanical ventilation occurs when some of 
the zone level motorized dampers are disabled.   
 
The exhaust fan normally is controlled at 97% of the supply volume, but the building 
does have a minimum occupied exhaust rate to account for the restrooms and other 
building spaces requiring exhaust. The occupied hours in our hourly data analysis are 
currently from 7:00 AM to 6:00 PM, Monday through Friday, and the minimum 
occupied exhaust rate is listed in the System Manual as 3,845 CFM. 
 
The ERV supply air temperatures vary depending on the outside air conditions. For 
example, if the outside air is higher than 50°F, the supply air set-point is 71°F. If the 
outside air is cooler than 40°F, the supply air set-point is 74°F. If the outside air is 
between 40°F and 50°F, the set-point varies linearly between 74°F and 71°F. An 
electric preheat coil insures the entering outside air temperature is at least 10°F. If the 
outside air temperature is higher than 60°F, the ERV has a ground source 
cooling/heating coil as well as hot gas reheat coil to maintain a discharge temperature 
of 55°F. 
 
The set-point temperatures are adjustable and the ERV has the ability to disable the 
enthalpy wheel and bypass ventilation air when heat transfer is not required or 
desirable, depending upon the sensible and latent conditions of the outside air. The 
ERV also works in unison with zone level dampers and CO2 sensors to improve 
energy efficiency and ventilation effectiveness. 
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Figure 32. Schematic of ERV 
 

ERV effectiveness is a function of several parameters including air stream 
temperatures, humidity, and mass flow rate. Total effectiveness is simply the actual 
total heat transfer rate over the maximum total heat transfer rate. ASHRAE Standard 
84, “Method of Testing Air-To-Air Heat Exchangers”, provides the methodology and 
guidelines for manufacturers to rate their units’ effectiveness. 
 
The ERV utilizes a desiccant type total energy recovery wheel. The design documents 
state the ERV at the IUB/OCA has design summer effectiveness equal to 62% and 
winter effectiveness equal to 68%. The design effectiveness values are determined by 
the equipment manufacturer under certain stated operating conditions. In practice, it 
can be difficult to verify a unit’s stated design effectiveness. As stated in Figure 32, 
the measurement points (1, 2, 3, and 4) on both sides of the energy wheel are 
necessary to determine the actual total effectiveness. These internal ERV points are 
not readily available for this study and therefore verification of ERV total 
effectiveness is excluded from this report. 

 
3.8.2.2. Energy Recovered by ERV 

The ERV recovers energy from the building return air stream to condition the 
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incoming outside air. The energy recovered by the IUB/OCA ERV is defined as: 
  

𝑞𝑟𝑒𝑐𝑜𝑣 = �̇�𝑠ℎ𝑠 − �̇�𝑜𝑎ℎ𝑜𝑎        (8) 
 
where qrecov is the energy recovered by the ERV wheel in Btu/h. hoa and hs are the 
enthalpy of the outside air and the supply air in Btu/lb, respectively. �̇�𝑜𝑎 and �̇�𝑠 are 
dry air mass flow rate of the outside air and the supply air in lbda/h, respectively. 
 
This approach treats the ERV as an integrated unit, in which all the internal 
components, i.e., the electric preheat coil, heat/cool coil, hot gas reheat coil and fan 
motors, all contribute to the heat transfer in addition to the energy wheel. In order to 
determine the energy recovered by just the energy wheel, the measurements of m1, t1, 
rh1 and m2, t2, rh2 illustrated in Figure 32 are necessary. However, these ERV internal 
points are not readily available. Therefore, the energy recovered by the ERV as a 
complete unit is calculated in this report using equation (8). 
 
Most building HVAC air flow measuring instruments measure the volumetric air flow 
rate in cubic feet per minute. With the specific volume calculated, the mass flow rate 
of dry air can be determined. The dry bulb temperature (Tdb) and relative humidity 
(RH) can be used to approximate the enthalpy of the airflow. The IUB/OCA building 
data collection system systematically records volumetric air flow rate, dry bulb 
temperature (°F) and the relative humidity (%) which allows the dry air mass flow 
rate and the enthalpy for that time interval to be calculated.  
 
The dry air mass flow rates can be determined by knowing the volumetric flow rate 
and specific volume of dry air:  
 
�̇� = �̇�

𝑣
          (9) 

 
where �̇� is the volumetric flow rate in cfm, v is the specific volume of dry air in 
ft3/lbda. 
 
The specific volume of dry air can be determined as follow: 
 
𝜈 = 0.370486 ∗ (𝑇𝑑𝑏 + 459.67) ∗ (1+1.607858∗𝑊)

𝑃
    (10) 

 
where Tdb is the dry-bulb temperature in °F. W is the humidity ratio in lbw/lbda and is 
calculated using equation (15) below. P is the standard barometric pressure which is 
14.696 psia. 
 
For standard atmospheric pressure of 14.7 psi, the relation for calculating enthalpy h 
(Btu/lbda) of moist air based on Tdb (°F) and RH (%) can be determined by using a 
psychometric chart or with the following curve fit equation algorithm. Equation (11) 
appears in the 2013 ASHRAE Handbook of Fundamentals and approximates the 
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moist air specific enthalpy based on dry-bulb temperature and relative humidity: 
 

)444.0061,1(24.0 dbdb TWTh ++=        (11) 
 
where h is moist air specific enthalpy in Btu/lbda 

 
      To determine the humidity ratio, the following calculations are performed: 
 

67.459+= dbTT          (12) 
 
where T is in degree Rankine. 

 
ln(𝑝𝑤𝑠) = −10,440.4

𝑇
− 11.29465 − 0.02702235𝑇 + 1.289036 × 10−5𝑇2 −

                    2.478068 × 10−9𝑇3 + 6.545967ln (𝑇)    (13) 
 
where pws is the saturation pressure, psia 

 
𝑃𝑠 = 𝑅𝐻

100
× 𝑝𝑤𝑠         (14) 

 
where Ps is the water vapor pressure in psia and RH is the relative humidity in % 
 
Finally, the humidity ratio is calculated as follows: 
 
𝑊 = 0.621945𝑃𝑠

𝑃−𝑃𝑠
          (15) 

 
where W is the humidity ratio in lbw/lbda, and P is the standard barometric pressure 
which is 14.696 psia. 
 
It is of interest to determine how the energy recovered by ERV changes as a function 
of outside air temperature. Figure 33 shows the energy recovered for the IUB/OCA 
office building during January, April, and July. The three months represent the range 
of outdoor conditions for recovering energy from building air streams. 
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Figure 33. Energy Recovered by ERV for January, April, and July 

 
The data show the variation in the amount of energy recovered by ERV at nearly 
6,200 CFM of outside air. The unit approaches its largest heating rate of 473,255 
Btu/h during the winter season and largest cooling rate of -220,060 Btu/h during the 
summer. During the winter months, the energy recovered is approximately 
proportional to the low outside air temperature and the energy recovered is 
significantly lower when outside air temperatures approach the  temperature range of 
70 ~ 80°F. 

 
 

3.9. Lighting and Daylighting 

The IUB/OCA building was designed with a building wide lighting power density of 0.75 
W/sf compared to the ASHRAE 90.1-2004 compliant minimum building wide density of 
1.30 W/sf. The actual weighted average lighting power density is 0.64 W/sf. The low lighting 
energy density is made possible because of a combination of integrated building daylighting 
design, furniture selection, high efficiency lamp and lighting fixture selection, and automatic 
daylighting control. 
 
The reported weighted average lighting power density is an entire building value.  Area 
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specific or building sectional lighting power density values are calculated and compared in 
Figure 34 (refer to Figure 3 for building zone names). The individual building section areas 
were estimated by examining the existing architecture.  The analysis only includes electricity 
consumption associated with the building lighting during the occupied hours of 7:00 AM to 
6:00 PM, Monday through Friday. The building has security and nightlights that are on 
during unoccupied times, but the electricity associated with operating those lights is excluded 
from the analysis.  

 
Figure 34 illustrates how the occupied hour building lighting power density varies among the 
different building sections.  Level one south zone used almost half of the electric lighting 
energy compared to that of level one north zone. It is noted that level one south zone is 
mostly made up of conference rooms and a break room, which tend to be less occupied than 
the open offices on the north zone of level one. The link areas tend to be more public spaces 
while the south and north levels are comprised mostly of office spaces.  The basement 
contains the mechanical and electrical room and is not readily open to the public. Overall the 
lighting energy use was very low for this building. 
 

 
 

Figure 34. Occupied Hour Average Lighting Power Densities by Building Zones 
 

Monthly lighting energy consumption is illustrated in Figure 35. The building employs both 
lighting control and daylighting features to assist with reducing lighting energy consumption. 
Analysis of data collected demonstrates that automatic daylighting controls have helped the 
building maintain a near uniform electricity consumption for total building lighting at 
approximately 4,300 kWh/month. 
 



 

53 

 
Figure 35. Monthly Energy Consumption of Lighting System 

 
3.10. Plug Loads 

Total plug loads excludes data center and fire and security related loads and accounts for 
13% of total energy consumption for the IUB/OCA building. These loads comprise electrical 
loads associated with receptacles. In an office building, loads from computers, monitors, 
copiers and other typical office equipment are categorized as plug loads. Plug loads are most 
commonly expressed as watts per square foot, but there is no code compliant minimum level 
that must be achieved. There are industry practices and guidelines concerning these loads and 
ASHRAE 90.1-2004 Appendix G states receptacle loads should be estimated based on the 
building or space type. Typically in the design process a goal level energy density is 
established, but often this value is used to help size the HVAC equipment and systems. 
 
Appendix G also dictates the proposed design and the baseline design should be modeled 
with the same plug load power density. In the early stages of the project, the plug load 
consumption was set at 14.5 kBtu/sf-yr. However, the actual IUB/OCA building achieved a 
much lower plug load energy consumption level (including data center and fire and security 
related loads) equal to 5.5 kBtu/sf-yr. The plug load power density was recently metered at 
0.25 W/sf and compares favorably to the design basis of 0.9 W/sf. 
 
The plug loads were reduced by certain receptacle circuits being controlled by occupancy 
sensors and by actively engaging staff on the importance of what electrical devices were 
allowed in the workplace. The success of reducing receptacle energy consumption was the 
combination of proper device control, open communication, and conscientious, enthusiastic 
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occupants. 
 

 
Figure 36. Monthly Energy Consumption of Various Plug Loads 

 
 

3.11. Photovoltaic System 

The electrical energy generated by the PV system is a viable solution for lowering overall 
energy consumption costs. The monthly PV system energy generated is shown in Figure 37. 
Daylighting measures and lighting controls help result in a near constant annual lighting 
energy consumption level. The energy consumption by the HVAC system experiences its 
peak in colder months. PV system electrical generation is at a minimum during the winter 
due to lower solar altitude angles. PV system electrical generation peaked during May to 
July, with May and June being the highest percentage (more than 40%) of building load met 
by PV generation. 
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Figure 37. Monthly Energy Produced by PV vs. Building Energy Consumption 
 
The following sets of figures give examples of the PV generation and energy consumption 
for the IUB/OCA building on various days throughout the year. The data are analyzed in 
terms of 15-minute increments to better capture the inherent fluctuations in thermal 
interactions between building envelope components and airflows. All the vertical axes are 
shown with the same scale and minimum and maximum limits for better comparison of the 
variables examined on the representative days. 

 
Figure 38 shows on Monday, January 15, 2013, the building electrical energy consumption 
peaked at 106.08 kWh at the start of the business day. Over the noon hour the maximum PV 
contribution reached 27.41 kWh and therefore resulted in a reduction in the building 
electrical energy consumption. The fluctuations in the base load for heating electrical energy 
were due to the cycling of the heat pump system attempting to maintain setback temperatures 
during the unoccupied periods. 
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Figure 38. Hourly Building Energy Consumption vs. PV Generation, 1/15/2013 

 
The two-day comparison, one weekday and one weekend day, during spring 2012 is shown 
in Figures 39 and 40. For a portion of Sunday, April 1, 2012, the PV system provided a 
surplus of electrical energy. On Monday, April 2, 2012, the overall consumption level was 
less than the winter level and the PV system provided some surplus of electricity.  
 

 
Figure 39. Hourly Building Energy Consumption vs. PV Generation, 4/1/2012 
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Figure 40. Hourly Building Energy Consumption vs. PV Generation, 4/2/2012 

  
Figures 41 and 42 show that the PV system met much of the building’s electrical energy 
requirement on Sunday, July 1, 2012. On the following Monday, when the building electrical 
demands were higher, the PV could only provide a portion of the required electricity. 
 

 
Figure 41. Hourly Building Energy Consumption vs. PV Generation, 7/1/2012 
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Figure 42. Hourly Building Energy Consumption vs. PV Generation, 7/2/2012 

 
Overall, the IUB/OCA photovoltaic system generated about 21% of electricity used by the 
IUB/OCA building during the one year monitoring period.  
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4. BUILDING SIMULATION MODEL CALIBRATION 

With financial support from the Iowa Energy Center, when 12 months of detailed actual 
building energy data were available in 2013, the energy modeler went through a process to 
calibrate the IUB/OCA building simulation model and completed a technical report [10].  
This chapter is based on that report. 

 
4.1. Definitions 

M1 - Design Baseline Model: The Baseline Model from the design stage, created using 
ASHRAE 90.1-2004 Appendix G, typical weather data and estimated operation assumptions. 
 
M2 – Design Model: This model includes all energy efficiency measures that were expected 
to be implemented at the design stage. It uses typical weather data and estimated operation 
assumptions. 
 
M3 – Design Verified Model: This model includes all energy efficiency measures that were 
implemented. If all energy efficiency measures were implemented as expected, this model is 
identical to M2. 
 
As-Designed Energy Savings: Calculated by taking the difference between the Design 
Baseline Model and the Design Verified Model (M1 - M3). This is the predicted energy 
savings for the project based on the implemented energy efficiency measures. 
 
M4 – As-Operated Baseline Model: This is the updated Baseline Model based on actual 
weather and actual operation as determined through the calibration process. It is based on 
ASHRAE 90.1-2004 Appendix G, but is updated for the as-operated conditions. 
 
M5 – As-Operated Model: This is the Calibrated Model that reflects the building’s operation 
as it is operating today. It has the same actual weather data and operation as M4, but 
incorporates the implemented energy efficiency measures. 
 
As-Operated Energy Savings: Calculated by taking the difference between the As-Operated 
Baseline Model and the As-Operated Model (M4 - M5). This is the As-Operated Energy 
Savings for the building during the one year monitoring period. 
 
Net Mean Bias Error (NMBE): A measurement of the annual variation of the total energy use 
compared to the model. ASHRAE Guideline 14 recommends an NMBE of 10% or lower 
based on hourly meter data. 
 
Coefficient of Variation of the Root Mean Square Error (CVRMSE): A measurement of the 
overall fit of the model compared to the data, it involves squaring the difference between the 
model and the meter such that offsetting errors are excluded. ASHRAE Guideline 14 
recommends a CVRMSE of 30% or lower based on hourly meter data.  
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Uncertainty Fraction: A measurement of the energy savings uncertainty. ASHRAE Guideline 
14 recommends an energy savings uncertainty fraction of 50% or lower, based on a 68% 
confidence level. 

 
4.2. Development of Building Energy Models during Design 

The Building Energy Modeler for this project, The Weidt Group, created energy model 
simulations during the design process to assist the owner and design team with evaluating 
various energy efficiency measures. The simulation engine used for this analysis was DOE-2, 
a program developed by Lawrence Berkeley Laboratory and supported by the United States 
Department of Energy. The program performs thermal and luminous calculations on an hour-
by-hour basis, using typical yearly climatic data, to determine the building's energy loads and 
system requirements. Using the energy simulations, the owner and design team were able to 
compare the potential savings of each energy efficiency measure with the incremental cost 
for implementation. 

  
4.2.1. Baseline Model (M1) 

During the design stage analysis, energy savings were determined by comparison to a 
Baseline energy model. For the purposes of LEED®, the Baseline at that time was defined 
by ASHRAE Standard 90.1-2004 Appendix G. The Baseline model included the 
minimum performance criteria governed by this standard, to create a simulation that met 
the minimum requirements. Examples include insulation R-value, glazing characteristics, 
lighting controls and wattage, mechanical equipment efficiency and controls and service 
water heating efficiency. In short, the minimum values for the building assets are 
prescribed by the standard.  
 
In addition to the parameters defined by ASHRAE Standard 90.1-2004, there were also 
parameters defined by the building’s intended use and operation. Parameters such as 
hours of operation, thermostat settings, the number of building occupants and plug loads 
are not governed by the standard. Thus, the owner and design team provided their best 
estimates of these discretionary parameters to create a Baseline energy model unique to 
the anticipated building use. 
 
Utility rate information was also incorporated into the energy model to provide annual 
energy cost estimates. The Baseline model also incorporated average weather through the 
use of a TMY weather file for Des Moines, Iowa. 
 
For the purposes of the calibration process, the Baseline Model is also referred to as the 
M1 model. 

 
4.2.2. Design Model (M2) 

Using the Baseline Model as a starting point, energy efficiency measures were evaluated 
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by making changes to the Baseline efficiency parameters. These changes were first made 
in isolation to see the incremental savings for each measure. The Design Model was then 
created by applying all expected energy efficiency measures simultaneously. This 
allowed for any interactions between measures to be captured by the energy simulation. 
The Design Model used the same assumptions for hours of operation, thermostat settings, 
total number of building occupants, plug loads, and other discretionary parameters as the 
Baseline model. Similarly the Design Model used the same average TMY weather file for 
Des Moines, Iowa as the Baseline model. 
 
The Design Model thus represented the building’s anticipated energy consumption based 
on assumptions from the design stage. This design model was updated at the time of 
construction completion to represent the Design Verified building assets. By comparing 
this final Design Model to the Baseline Model, the As-Designed energy savings were 
quantified. 
 
The Design Model is referred to as the M2 model. 
 
4.2.3. Design Verified Model (M3) 

This design model was updated at the time of construction completion to represent the 
Design Verified building assets. Updates included reflection of installed lighting power 
density, heat pump and other efficiencies to reflect submittals.  By comparing this final 
Design Model at the time of construction completion to the Baseline Model, the As-
Designed energy savings were quantified. 

 
4.3. As-Built Model Calibration Process 

As noted in the previous sections, the Baseline Model and Design Model were created based 
on assumptions on building operation as well as average weather data. Thus, the intent of the 
Design Model was not to predict actual energy usage but rather to predict expected energy 
savings. Since actual conditions may vary from the design stage assumptions, a calibrated 
model is required to verify the As-Operated Energy Savings. 
 
To calibrate the model, the modeled results were compared to the actual building 
performance. Using the Design Verified (M3) model, adjustments were made until the model 
matched the meter within an acceptable tolerance, based on ASHRAE Guideline 14 
recommendations. The resulting As-Operated Energy Model was termed the M5 Model.  
 
The building was equipped with a number of energy meters to capture the end-use energy 
consumption and provide for a detailed comparison to the energy model. In addition to total 
electricity, energy end-uses such as lighting, mechanical equipment and plug loads were sub-
metered. Hourly meter data were collected for one year of operation for the time period of 
April 1, 2012 through March 31, 2013. Upon comparing an entire year’s worth of meter data 
to the Design Verified Model (M3), it was discovered that the actual annual energy use was 
35% lower than the model predicted. To investigate these differences, the end-use results 
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were analyzed on an annual, monthly and weekly basis. Following this progression of 
analysis, the areas of highest difference were examined first. Monthly and weekly profiles 
illustrated differences in energy use, helping to identify changes in magnitude (equipment 
efficiency) or in usage. 
 
As shown in Figure 43, much of the difference between the Design Verified Model (M3) 
created during design and the meter was related to the plug load energy use. The actual plug 
load energy use was 60% lower than the Baseline and Design Verified models. In addition to 
the plug load equipment, both the mechanical and the lighting energy use were lower than the 
Design Verified Model. 

  

 
(Courtesy of The Weidt Group) 

Figure 43. Energy Use Intensity by End-Use, Model M3 and Meter 
 

Next, the energy use was analyzed by end-use on a monthly basis to see if the differences 
between the model and the meter were seasonal. These comparisons were with the metered 
results relative to the Design Verified Model (M3). Figure 44 shows the metered plug load 
equipment was fairly constant throughout the year, using around 6,000 kWh monthly. The 
M3 model showed a similar flat profile for the plug load equipment, but was expecting 
around 15,000 kWh per month. The M3 model also expected higher lighting energy use 
throughout most of the months, except for February and March. Mechanical energy use was 
similar in the winter season, but the model was predicting higher energy use in the summer. 
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(Courtesy of The Weidt Group) 

Figure 44. Monthly Electric Consumption by End-Use, Model M3 and Meter 
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Further review of weekly plug load data showed the daily plug load equipment use was lower 
than the model expected, most notably during the daytime and the overnight periods, as 
shown in Figure 45. Typical daily profiles from the meter were used to update the energy 
model. The M3 model had originally assumed a plug load equipment power density of 0.9 
W/sf. In the process of calibrating the model, this was changed to match the meter 
observations of 0.25 W/sf. The lighting power density and lighting schedule were updated 
with a similar technique to the plug load use. 
  

 
(Courtesy of The Weidt Group) 

Figure 45. M3 Plug Load Equipment Electric Consumption, 3/4 - 11/2013 
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Weather was a factor in the differences between the modeled and metered mechanical energy 
use. Since the M3 model was created based on average weather data, some differences were 
anticipated. As a first step, the M3 model was updated with actual weather data from the 
nearest weather station.  
 
Next, the metered mechanical energy data was analyzed more closely and the building’s 
mechanical sequences were compared to the model assumptions. As shown in Figure 46, the 
meter data indicated the metered service water heating (SWH) energy was much lower than 
the model expected. Additionally, the metered fan and heat pump energy use was higher in 
the winter, but lower in the summer.  

 

 
(Courtesy of The Weidt Group) 

Figure 46. Monthly Electric Consumption by Mechanical End-Use, Model M3 and Meter 
 

Temperature setpoints, setbacks, and hours of operation were collected from the building.  
It was discovered that actual discharge air temperature was higher than the model assumed. 
Additionally, the model assumed a 3 hour morning ramp up cycle, whereas the actual 
building did not have a ramp up cycle. The meter data also revealed that the metered service 
water heating use was much lower than the model expected. Table 5 contains a list of the 
various parameters reviewed. 
 

Once the As-Operated (M5) model was actualized to the meter usage within the constraints 
governed by ASHRAE Guideline 14, the As-Operated Baseline Model (M4) was generated. 
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and operational findings. By updating these discretionary measures, the As-Operated energy 
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savings could be determined by taking the difference between the M5 and M4 models. 
 

The table below summarizes changes made between the original design models (M1 and M3) 
and the calibrated models (M4 and M5). 

 

Table 5. Energy Model Parameters 

Design Model Assumptions Observed Design and Operation 

Building Geometry 

No changes in building geometry. 

Building Operation 

Weather: Typical Meteorological Year (TMY) Weather: Actual data from April 1, 2012 to 
March 31, 2013 

Envelope 

No changes were made – all insulation and glazing characteristics match the As- Verified model 

Daylighting 

Daylighting control area was adjusted in the open office areas and setpoints were adjusted to better 
match the current operation. As seen in the weekly lighting plots, there may be some opportunity for 
additional calibration of these controls. 

Lighting Design 

Building weighted average of 0.75 W/sf  Building weighted average of 0.64 W/sf 

Plug Loads 

Average across building assumed 0.9 W/sf Metered average value across building is 
0.25 W/sf. 
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Design Model Assumptions Observed Design and Operation 

Mechanical 

Weekday fan hours: 

7 AM to 6 PM 

Weekday fan hours:  

7 AM to 6 PM 

Saturday fan hours:  

Scheduled off 
Saturday fan hours:  

Scheduled off 

Sunday/Holiday fan hours:  

Scheduled off 

Sunday/Holiday fan hours:  

Scheduled off 

Thermostat deadband:  

4°F - building wide 

Thermostat deadband:  

4°F - building wide 

Cooling Temp Occupied:  

76°F – building wide 

Cooling Temp Occupied:  

76°F – building wide 

Cooling Temp Unoccupied:  

82°F – building wide 

Cooling Temp Unoccupied:  

80°F – building wide 

Heating Temp Occupied:  

72°F - building wide 

Heating Temp Occupied:  

70°F – building wide 

Heating Temp Unoccupied:  

65°F - building wide 

Heating Temp Unoccupied:  

68°F – building wide 

Dedicated Outdoor Air System (DOAS) Unit  

Scheduled on 7 AM to 6 PM, Monday to Friday. 

55 °F min supply air temperature  

DOAS Unit:  

Scheduled on 7 AM to 6 PM, Monday to Friday. 

71°F to 73°F min supply air temperature 

Humidity Controls: 

None 

Humidity Controls: 

None 

Premium efficiency motors for DOAS fans and all pump motors within the model 

Total energy recovery – outside air bypass for 
frost and capacity control 

Total energy recovery – electric preheat for frost 
control and wheel speed for capacity control 

CO2 control of outside air for large volume spaces CO2 control of outside air for large volume 
spaces 

3 hour morning ramp up cycle No morning ramp up cycle 

(Courtesy of The Weidt Group) 
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4.4. Calibrated As-Built Model Results 

The M5 model was created to reflect the As-Operated conditions and matches within 1% of 
the meter, on an annual basis. The M5 model now reflects the lower energy use observed by 
the meter. Similarly, the M4 model has decreased and can now be compared with M5 to 
determine energy savings. Figure 47 shows the energy end use for models, M1, M3, M4 and 
M5 models. The power generated by the PV system and used by the building is also shown 
thus representing the gross energy consumption.  

 

 
(Courtesy of The Weidt Group) 

Figure 47. Net Annual Energy Use Intensity (EUI) 
 

Figure 48 presents the model results and energy savings in tabular form, both with and 
without the savings from PV generation. Overall, the M5 model shows the building is 
operating 65% lower than the M4 As-Operated Baseline Model. The As-Operated Energy 
Savings (M4-M5) are 13% lower than the As-Designed Energy Savings (M1-M3). The 
decrease in energy savings is particularly due to the decrease in plug load equipment use. 
Occupancy sensor control of office equipment was one of the strategies implemented on the 
project. Since there is less plug load equipment in the building, there is less energy savings 
when the equipment is turned off.  Overall the calibrated modeling shows that the savings 
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estimated during design due to the implemented energy conservation measures have been 
realized. 

 
(Courtesy of The Weidt Group) 

Figure 48. Energy Savings Result 

M1 M3 M4 M5 Meter
Gross Electric Consumption 843,326    427,097    647,025    283,275    279,757    

PV Generation 56,683      58,952      58,952      

Net Electric Consumption 843,326    370,414    647,025    224,323    220,805    

Savings Excluding PV 416,229    363,750    

Total Energy Savings 472,912    422,702    

% Savings 56% 65%

Gross Electric Consumption 64.7 32.8 49.7 21.7 21.5

PV Generation 4.4 4.5 4.5

Net Electric Consumption 64.7 28.4 49.7 17.2 16.9

Savings Excluding PV 31.9 27.9

Total Savings 36.3 32.4

% Savings 56% 65%
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The energy model results for models M1, M3, M4 and M5 are shown on a monthly basis in 
Figure 49. Overall, the As-Operated Models retain similar profiles as their As-Designed 
predecessors, but have shifted downwards to reflect actual building energy use and achieve 
calibration. 

 

 
(Courtesy of The Weidt Group) 

Figure 49. Monthly Electrical Consumption – Not Including PV, kWh 
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Figure 50 and 51 show the monthly comparison on an end-use basis for M5. The M5 model 
closely follows the metered plug load equipment and lighting energy use, within 2% and 4% 
annually, respectively.  

 

 
(Courtesy of The Weidt Group) 

Figure 50. Plug Loads, Model M5 and Meter, kWh 
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(Courtesy of The Weidt Group) 

Figure 51. Interior Lighting, Model M5 and Meter, kWh 
 
For lighting, there is greater deviation between the meter and the model during the 
summertime. The model shows slightly lower energy use than the meter during summer 
months, which may be related to the daylighting controls. The windows in the building have 
operable blinds and occupants may be closing them more often than the model expected. To 
investigate this possibility, the metered lighting data would need to be broken out by building 
areas. The daylight control setpoints and time delays could also be investigated to ensure 
proper calibration of the controls.  
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Figure 52 shows the monthly profile of the combined heat pump and fan energy use. These 
two end-uses were analyzed collectively since the metered heat pump fan energy could not 
easily be separated from the metered compressor energy. The M5 model follows the profile 
of the energy meter, although there is some deviation in the early summer and late winter 
months. However, on an annual basis, the model is within 1% of the actual heat pump and 
fan energy.  
 
To understand the monthly deviations, further exploration would be needed. The energy 
recovery ventilator’s efficiency, discharge air temperature and electric preheat use would 
require further investigation. Additionally, the modeled performance of the water to water 
heat pump and radiant heating system could be explored. 

 

 
(Courtesy of The Weidt Group) 

Figure 52. HVAC (heat pumps, outside air unit, fans), Model M5 and Meter, kWh 
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Figure 53 shows the monthly profile of the total pumping energy. The calibrated model 
shows less monthly variation than the meter, with the strongest correlation occurring during 
the winter months. During the summer and fall, the model is higher than the meter. 
Additional study of the pumping system would be required to understand these differences. 
On an annual basis, the model is within 15% of the meter. 

 

 
(Courtesy of The Weidt Group) 

Figure 53. Pumping, Model M5 and Meter, kWh 
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The exterior lighting energy use was sub-metered and is shown in Figure 54. The metered 
profile tracks with the seasons as expected, with less energy use during the summer when the 
number of daylight hours is the greatest. The calibrated model was not able to capture the 
seasonal variation. This end-use is a small load compared to the rest of the building and the 
model is within 2% annually. Additionally, no savings were claimed for exterior lighting, 
thus the calibrated energy model is sufficient. 

 

 
(Courtesy of The Weidt Group) 

Figure 54. Exterior Lighting, Model M5 and Meter, kWh 
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The service water heating energy is shown in Figure 55. The winter usage shows some 
deviation, but better correlation is observed during summer months. Annually, the model is 
within 9% of the meter and since the service water heating energy is the smallest end-use in 
the building, additional investigation may not be necessary. 

 

 
(Courtesy of The Weidt Group) 

Figure 55. Service Water Heating, Model M5 and Meter, kWh 
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4.5. Calibrated Model Accuracy 

The accuracy of the calibrated model was evaluated using the ASHRAE Guideline 14 
recommendations. The Net Mean Bias Error (NMBE) for the deviation between the M5 and 
Meter is 2%, which is a measure of the annual variation. This error is within the Guideline 14 
recommendation of 10% or less. 
 
The Coefficient of Variation of the Root Mean Square Error (CVRMSE) is 29%, which 
represents the hourly fit of the data. This result also meets the ASHRAE Guideline 14 
recommendation of 30% or less. 
 
The savings uncertainty fraction, based on 68% confidence level, was calculated to be 1% 
which also complies with Guideline 14 recommendations. 
 
Thus, although there is some variation between M5 and the meter, the overall accuracy is 
sufficient for determining the As-Operated energy savings. 

 
 

4.6. Selected Hourly Plots 

To achieve the modeled monthly results shown in the previous section, hourly data from the 
end-use meters was analyzed. This allowed the model to be tuned to the actual daily profiles. 
In this section, typical weekly end-use findings are discussed. The weekly profiles are 
comprised of hourly data points from the meter and the model. 
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In Figures 56 and 57, the interior lighting shows strong correlation during overnight and 
weekend periods. The model expected lower peak lighting during the summer, whereas the 
metered peaks are similar across seasons. Overall, the model showed more consistent dips 
than the meter during the daytime, which may be attributed to differences in the operation of 
daylighting controls.  

 
(Courtesy of The Weidt Group) 

Figure 56. Typical Winter Interior Lighting, kWh 

 
(Courtesy of The Weidt Group) 

Figure 57. Typical Summer Interior Lighting, kWh 
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In Figures 58 and 59, the model tracks the metered plug load equipment very well. There is 
generally more variability in the metered plug equipment use, but overall the level of 
calibration is strong. 

 
(Courtesy of The Weidt Group) 

Figure 58. Typical Winter Plug Loads, kWh 
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energy consumption.  The building envelope and windows also play an instrumental part in 
how much energy a commercial building may consume, but it is difficult to quantify via 
actual measurement. 
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(Courtesy of The Weidt Group) 

Figure 59. Typical Summer Plug Loads, kWh 
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In Figures 60 and 61, the modeled HVAC energy use closely matches the metered profile 
during the heating and cooling season. The meter shows greater energy use during morning 
startup during the winter. Also, the metered weekend use is slightly lower than the model 
expected. 

 
(Courtesy of The Weidt Group) 

Figure 60. Typical Winter Heating, Cooling and Fans, kWh 

 
(Courtesy of The Weidt Group) 

Figure 61. Typical Summer Heating, Cooling and Fans, kWh 
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4.7. Conclusion 

Through the calibrated model process, assumptions from the design stage were revisited and 
updated to match the actual operation. The resulting As-Operated Model matches the meter 
within industry-suggested tolerances.  
 
The differences in operation have also been translated into an As-Operated Baseline Model, 
which has allowed for the calculation of the As-Operated Energy Savings. The As-Operated 
Energy Savings are 13% lower than the As-Designed Energy Savings predicted early in the 
design process. This difference is largely due to differences in the plug loads in the building, 
which are much lower than assumptions made at the design stage. 
 
Though the model has been calibrated, there are some energy end-uses that do not show as 
strong a correlation as others. Further investigation of these areas may provide opportunities 
for additional energy savings. 
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5. POST-OCCUPANCY BUILDING COMFORT EVALUATION 

An important and often overlooked aspect of any building is how the occupants react and feel 
about their working space environment. Indoor environmental quality (IEQ) is an 
increasingly important aspect of high performance buildings. ASHRAE Guideline 10-2011 
“Interactions Affecting the Achievement of Acceptable Indoor Environments” provides an 
overview of the various IEQ issues. ASHRAE 55 “Thermal Environmental Conditions for 
Human Occupancy” provides general guidelines with respect to the thermal environment, but 
it does not address other office issues such as noise, lighting, etc. Human nature precludes 
universal agreement on what constitutes ideal environmental conditions, but ASHRAE 55 
suggests 80% occupant acceptability with respect to thermal comfort.     
 
IEQ can be indirectly measured with occupant surveys. The Iowa Energy Center developed a 
23 question survey on occupant comfort addressing space temperatures, humidity, air flow, 
lighting, noise, privacy and overall satisfaction. The survey was distributed to employees of 
the Iowa Utilities Board and the Office of Consumer Advocate. The survey was given in two 
separate groupings; one to the occupants in the south wing (Office of Consumer Advocate) 
and one to those in the north wing (Iowa Utilities Board). The first group (OCA) had roughly 
10 respondents while the second (IUB) had about 52. Since the building houses 
approximately 65 IUB and 18 OCA staff, 62 respondents represent nearly 75% of the 
building occupants. All responses collected remained anonymous. 
 
The survey questions were derived from a previous study [11] involving building occupant 
surveys and each of the questions had a five point scale that ranged from uncomfortable to 
comfortable. All questions were presented in a manner in which a lower score corresponded 
to less comfort or satisfaction. For this analysis, a score of 1 or 2 is considered 
uncomfortable, 3 interpreted as neutral and 4 or 5 considered comfortable. In determining the 
degree of acceptability, a score of 1 or 2 is deemed dissatisfied and a score of 3 or above is 
regarded as acceptable. The following table summarizes the survey. 
 

Table 6. IUB/OCA Occupant Survey Summary 
No. Question Dissatisfied Acceptable 
1. Temperature comfort. 35% 65% 
2. How cold does it get? 35% 65% 
3. How warm does it get? 49% 51% 
4. Temperature shifts. 31% 69% 
5. Ventilation comfort. 35% 65% 
6. Air freshness. 32% 68% 
7. Air movement. 32% 68% 
8. Noise distractions. 33% 37% 
9. Background noise levels. 22% 78% 
10. Specific noises (voice, equipment, etc.) 35% 65% 
11. Noise from ventilation systems. 11% 89% 
12. Noise from lights. 0% 100% 
13. Noise from outside building. 27% 73% 
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14. Visual privacy. 41% 59% 
15. Conversation privacy. 60% 40% 
16. Telephone privacy. 59% 41% 
17. Electric lighting comfort. 17% 83% 
18. How bright does it get? 37% 63% 
19. Glare from the lights. 11% 89% 
20. Glare from the windows. 44% 56% 
21. Access to daylight. 3% 97% 

22. Overall would you say your workspace helps or hinders you in your 
work? 23% 77% 

23. Generally, how satisfied are you with the physical environment in 
which you work. 18% 82% 

 
Some responses also provided various additional written comments on the form: 
• Very little or no air movement; 
• When blower (heat pump fan) is on, the air movement is fine; 
• Ventilation comfort/Air movement/Freshness of Air problems in the enclosed offices; 
• Too much air movement; 
• There is some window glare at times but can get by; 
• Glare from sun in the morning only; 
• Too much daylight; 
• (Access to daylight) more than enough; 
• Very noisy when operable windows are open because of street noise; 
• Can get to 80 Deg F in the summer; 
• Minor control issue in the winter; 
• Temperature shift 1~2 Deg F, generally acceptable; 
• Temperature varies a lot on the floors; 
• Conversation privacy is low, even in conference rooms; 
• Generally satisfied (with the physical environment), compared to other buildings I have 

worked in; 
• Too warm in summer; fine in winter; would like more air movement; noise was an issue 

before the white noise system was installed. 
 

From the results summary and written comments, it can be seen that questions 22 and 23 
essentially gauge the overall satisfaction level and it is clear the respondents are generally 
satisfied with their work environment. Concerns about privacy and glare are fairly common 
in spaces that utilize daylighting strategies. For daylighting to be effective, office spaces are 
configured in open, airy arrangements. Privacy and noise can also be common complaints in 
open office spaces as well as spaces utilizing a lot of hard surfaces. According to the 
responding occupants, the energy efficiency strategies implemented in the IUB/OCA are 
viewed as mostly positive and contribute to a satisfying work environment. However, most 
complaints are related to 1) temperature may be too warm in the summer; 2) little or no air 
movement (thus ventilation comfort) when heat pumps are not running – possibly because 
operable windows were open or the rooms were unoccupied; 3) too noisy when operable 
windows were open; 4) visual or conversation privacy; and 5) too much daylight.  
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6. CONCLUSION 

The one-year IUB/OCA office building energy measurement and monitoring results and data 
analysis show that this building truly is a high performance building that achieved total annual 
energy consumption of 21.5 kBtu/sf-yr. The net annual building energy use with the PV system 
was approximately 17.0 kBtu/sf-yr. The building’s net energy usage represents a 74% net 
reduction in energy use compared to the ASHRAE 90.1-2004 Appendix G baseline building’s 
energy consumption of 65.0 kBtu/sf-yr. The PV system’s annual energy production provides 
about 21% of total building energy use. 
 
Such a high performance building is the result of the building owners’ (IUB and OCA) strong 
interest in energy efficiency and their desire to make this an exemplary project for the State of 
Iowa. This was achieved by using an integrated building design process that closely involved 
building energy modeling in each step of the process, the design team’s successful combination 
of innovative high performance and sustainable building design, and the use of “off-the-shelf” 
energy efficiency technologies that were best suited for this project. Many of these strategies 
worked as expected or better. 
 
The As-Designed building energy simulation model was calibrated based on the actual building 
energy performance data to an As-Operated model, which allowed for the calculation of the As-
Operated energy savings. The As-Operated energy savings are 13% lower than the As-Designed 
energy savings predicted in the design process. This difference is largely due to the building 
owners’ conscious efforts in reducing building plug loads (after occupancy), which is hard to 
model accurately in the design phase. Actual energy performance for the HVAC and lighting 
systems are very close to those predicted by the As-Designed building energy model. Overall, 
this building energy performance evaluation study shows that the building energy modeling done 
by the energy modeler and the in-house energy engineering study to optimize the pumping 
system design by the mechanical system designer both supported good decision making in the 
integrated building design process. 
 
Occupants are generally satisfied with their work environment. Concerns about privacy and glare 
are fairly common in spaces that utilize daylighting strategies. Some complaints about air 
stagnation, too much sunlight, and noise when operable windows were open could be taken into 
consideration for future design of similar projects. 
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