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ABSTRACT

The Children’s Hospital and Medical Center located in Omaha, Nebraska recently added
a four-story podium, six-story tower, and roof helipad. This addition consists of 390,000 square
foot of space added to the current facility. The hospital is located in downtown Omaha,
Nebraska, along US Route 6 and serves as one of the top children’s hospitals in the country. The
recent addition to the facility serves to expand the hospital by adding intensive care patient
rooms, additional surgical and exam rooms, office space, and other necessary support spaces.
Included among the challenges of the addition to the hospital was to create a high performance
enclosure that supported the wellness of the patients. This meant that the design needed to
balance an environment that considered both the energy used by the building as well as the
patient’s needs.
In order to create a building that was centered on patient experience, architectural
changes were considered for the building from the Given Design. This included ideas such as
expanding the size of the windows to allow for more daylighting and creating a double skin
façade that could be utilized for maintenance purposes. In addition to architectural changes, the
envelope was optimized in terms of the assemblies specified for the building. Final optimizations
for the building also included an upgrade to the lighting system and an analysis of the operation
of the mechanical system.
All of these changes to the building were done by conducting parametric studies on how
the changes effected the patient experience, energy use, and the heating/cooling loads for the
building. By using the applicable design codes and ASHRAE standards, several iterations and
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studies were completed to create an optimized building that is both energy efficient and provides
for an improved patient experience.
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Chapter 1
Building and Climatic Information

1.1 Building Information
The Children’s Hospital and Medical Center (Figure 1) is located in Omaha, Nebraska
and is currently a top ranked medical facility in the country. The renovation that has been
designed for the hospital is a 390,000 square foot addition of medical spaces. The facility is in
the downtown area of Omaha, along U.S. Route 6. The facility serves as a beacon to the
community as it aims to work hand in hand with the medical staff, patients, and their families to
provide for the wellness of the patients and continue the world-class pediatric care that is offered
by the Children’s Hospital of Omaha, Nebrasaka.

Figure
Medical Center
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in Omaha,
Omaha, Nebraska
Nebraska
Figure 1:
2: Optimized
Optimized Design
Design of
of the
the Children’s
Children’s Hospital
Hospital and
and Medical
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1.1.1 Building Background, Use, and Occupancy

The Children’s Hospital and Medical Center’s recent addition includes a four-story
podium, six-story tower, and roof helipad. This addition consists of 390,000 square foot of space
that serves to expand the hospital.
The tower expansion includes the addition of 164 patient rooms and their support spaces.
See Appendix A for a breakdown of the types of spaces included in the tower addition.
The podium addition includes support spaces for the building as well as surgical suites
and exam rooms. Appendix A includes the breakdown of the space types included in the podium
addition.
The building was assumed to have 24/7 occupancy that varied by percent occupied
throughout the day. Each space was assigned a schedule that would ramp the building’s internal
loads up and down based on the building percent occupied at that time. See Appendix B for
templates sorted by use with information on the designated occupancy and equipment loads.

Figure 3: Optimized Design of The Children's Hospital and Medical Center in Omaha, Nebraska
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1.1.2 Special Design Challenges

This hospital design project was a part of the Architectural Engineering Institutes (AEI)
annual design competition. Per the competition guidelines, there were three challenges for the
hospital, including a high performance enclosure challenge, a smart building challenge, and a
disaster response planning challenge. For the purpose of this thesis, the focus was centered on
the high-performance enclosure challenge for the Children’s Hospital.
The enclosure includes the vertical exterior façade and the roofing system. The criteria of
a high performing enclosure includes architectural, engineering, and construction considerations.
In terms of architecture, the façade expressed the hospital’s welcoming environment and created
a beacon for the community. The engineering was based on designing a façade that was
structurally sound, even during natural disasters, and was energy efficient by reducing the
heating/cooling load from the environment that affects the building. In terms of construction, the
façade was considered for ease of installation by using methods such as prefabrication to install
the final product.
The following undergraduate thesis focuses on the development of the façade in terms of
energy efficiency by running parametric studies to determine the best materials and systems to
reduce the load of the building.

1.2 Site Analysis

This Children’s Hospital is located in a 5A climate zone (Figure 3). This climate zone is
characterized by cool-humid weather according to the American Society of Heating,
Refrigerating, and Air Conditioning Engineers (ASHRAE). A site analysis was conducted for the
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climate, solar, and wind conditions of the area, with the goal of creating a set of quantified
metrics to inform the building design.

Figure 4: ASHRAE Climate Zone Map: Omaha, Nebraska

1.2.1 Solar Analysis

After ascertaining the sun’s effects on the façades, it was found that a large portion of the
south side did not receive a significant amount of sunlight due to shading from adjacent
buildings. Only two levels are above the existing adjacent buildings on the west and south
façades and receive full solar gains from sunlight.
This discovery along with building spacing sections in the code supported the decision to
focus attention on designing a high performance façade for the exposed north and west façades
which also face the major thoroughfare.
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1.2.2 Climate Analysis
Table 1: Environmental Design Conditions

Environmental Design Conditions

Using ASHRAE Fundamentals 2013,

Cooling

the following climate conditions were found for
Omaha, Nebraska. Additionally, IES VE was

Heating

used to create Figure 4 which gave a better

Temperature

Dry Bulb

94.0 °F

Wet Bulb

77.7 °F

Dry Bulb

-6.1 °F

sense of the temperature stresses of the area. It pointed
to the need to address the serious heating load due to
the dominance of the cold weather stresses for the
area.
Omaha also receives average precipitation
values of 30.6” of rain and 26” of snow per year.
These environmental factors were utilized when
deciding on a storm water management plan for the
Figure 5: Omaha, Nebraska IES Temperature
Stresses

building.

1.2.3 Wind Analysis

The wind rose in Figure 5 reveals that the prevailing wind is from the North during the
winter months and becomes more substantial in the South during the summer months. The wind
speed can reach over 24.80 mph in the winter and 19.70 mph in the summer. This reveals high
wind speeds in the winter that can increase the heat transfer from the hospital, which increases

6

the heating load during the
yearly cold stresses. Again, the
wind analysis for the area
revealed a need to combat the
heating load in the winter by
optimizing the building’s
envelope.

Figure 6: Wind Rose for Omaha, Nebraska
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Chapter 2
Codes and Standards

2.1 Codes
The current energy code for Omaha, Nebraska is the 2009 International Energy Conservation
Code (IECC). This code is the basis for what ASHRAE Standards are to be followed when creating a
code compliant building. The 2009 IECC specified the base values to be followed for the envelope and
lighting power densities (LPD). These values were to be from ASHRAE 90.1-2007 and were used as the
envelope and LPD assumptions for the Given Design.

2.2 ASHRAE Standards
The standards from the American Society of Heating, Refrigeration, and Air Conditioning
Engineers (ASHRAE) were utilized in order to assign system and assembly parameters for the building.
ASHRAE 170 - 2013 Ventilation of Health Care Facilities was utilized as the primary source of
ventilation data for the hospital rooms. This information was supplemented by ASHRAE 62.1-2016
Ventilation for Acceptable Indoor Air Quality for additional space ventilation requirements.
The project utilized three different versions of ASHRAE 90.1 - Energy Standard for Buildings
Except Residential Buildings. This was due to the criteria of different comparison types. The Given
Design for the hospital used ASHRAE 90.1-2007 as this was the standard that was specified by Omaha,
Nebraska’s adopted version of IECC. It was assumed that the Given Design would utilize the base values
from the code. For the Baseline Design, ASHRAE 90.1-2010 was used as is specified by the LEED v4
requirements. Finally, the Optimized Design used the values from ASHRAE 90.1-2016 as a base with
values supplemented by the components of the design.
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2.3 Guidelines

Additional guidelines were utilized in the design of the children’s hospital. Guidelines for
Design and Construction of Hospitals and Outpatient Facilities was utilized in terms of general
information on the different aspects of a hospital, including temperature set point, space use, and other
general hospital information. The HVAC Design Manual for Hospitals and Clinics was also used for more
specific information pertaining to the HVAC systems of the hospital. The Advanced Energy Design Guide
for Large Hospitals was used for information on how to design a more energy efficient hospital, as the
design guide is meant to be followed to create a hospital with 50% energy savings. Finally, the Combined
Heat and Power Design Guide was utilized for the creation of a combined heat and power system for the
building’s central plant.

9

Chapter 3
Integrative Design Influence

3.1 Architectural Influence
The form and function of the hospital plays a major role in both the energy efficiency of the
facility as well as the health and overall wellness of the patient. By working together, the project team
was able to choose materials and assemblies that were high performing for the application of our building.
The first major architectural change to the building was the addition of a double skin façade. This
façade created a three foot air cavity adding to the overall insulation value of the assembly. Additionally,
conditioned relief air was exhausted through the cavity, allowing for a more neutral set of conditions to be
seen by the interior wall of the double skin assembly. The final design was chosen by considering the
aesthetics, functionality, and loads of the space. Parametric studies used in the design of the façade can be
seen in chapter 5.1 of this report.
The building also changed from the Given Design of a rain screen panel assembly to an updated
design of a metal panel system for the tower façade. This decreased the overall U-value of building and
created less of a load. Parametric studies concerning the design of the envelope can be seen in chapter 6.1
of this report.
Finally, the team decided to increase the window size for the project to aid in the wellness of the
patient by providing them with more daylighting. This did, however, increase the load for the building.

3.2 Lighting/Electrical Influence
By working with the lighting and electrical team members on the project, the façade and systems
of the building were optimized to balance the goals of patient wellness and building energy efficiency.
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By running lighting calculations for the building with high efficiency LED fixtures, the lighting
power densities were lowered for a majority of the building. This lowered the overall building load that
came from the lights and reduced the energy used by the actual lights themselves. This helped to improve
the building’s energy efficiency.
Additionally, the lighting team members ran concurrent studies on the daylighting of the patient
rooms during the decision making process to expand the window size. Numbers were compared to
optimize both the amount of daylighting coming into the space as well as the solar load that was being
received by the windows.

3.3 Construction Influence
The construction team was consulted at every step of the project to ensure that the project would
be built on time and within budget.
One of the largest and most integrated pieces of the design was the double skin façade. This piece
of the project was reviewed often by the construction team to ensure that the double skin assembly that
was being designed was constructible in terms of the cost of the assembly, time needed to construct the
façade, and whether there was the necessary space to attach the assembly to the façade.
Additionally, they were consulted during the process of choosing the optimized envelope to
ensure that the high performing materials being chosen were within the project budget.

3.4 Structural Influence
One of the concerns of the structural project members during the design of the Children’s
Hospital was addressing the challenge of disaster preparedness by creating a façade assembly that could
withstand EF4 tornados. It was with this in mind that a laminated glass was specified for the outside pane
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of glass for the assembly. It also drove the choice to have an insulated glass unit (IGU) made of one pane
of ¼” laminated glass and one pane of 3/8” glass for the interior window assembly as well. The overall
assembly specified helped to create the basis for an IGU that allowed for a lower load in the building.
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Chapter 4
Energy Modeling

4.1 Parameters for Energy Modeling
The basic parameters of the building side of the energy model included the internal loads, airflow,
thermostat, construction, and outside wall dimensions. Additional weather parameters were selected for
the building by using a weather file that was chosen to represent the local environment. The combined
inputs allowed the model to calculate and assign both the internal and external heat transfer loads for the
building.
The internal loads included people, equipment, and lighting loads for the space. The airflow
parameter included the amount of ventilation air required for each space during heating and cooling. The
thermostat template covered the set points and driftpoints for the room’s temperature and relative
humidity. The construction template covered the U-values of the assemblies and the characteristics of the
glass types. Finally, the outdoor wall dimensions covered the dimensions of the area of the wall, the
percentage of glass that was designed for that wall, and the direction that the wall was facing.
Each room was assigned a set of templates that covered the internal loads, airflow requirements,
thermostat set points, construction assembly values, and outdoor wall dimensions where applicable.
Table 2 lists a summary of the base parameters for the models used in the parametric study. The following
sections cover in detail the various parameters.
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Table 2: Energy Model Parameters
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4.1.1 Given Design Energy Model
The Given energy model was based on the original Given Design of the Children’s Hospital.
Architecturally the building was modeled after the Given Revit Model for the Children’s Hospital. The
Given Model was also assigned values for the wall construction and lighting power densities (LPD) based
on the requirements of the applicable energy codes.
The architecture of the building was modeled according to the Given Revit Design which
included maintaining the 32% glass for the façade but did not include the double skin façade that was part
of the architectural redesign.
As the building was designed for Omaha, Nebraska, where IECC 2009 is currently in use,
ASHRAE 90.1-2007 was the applicable standard for the building. This means that all LPDs and
construction values were based on the 2007 set of requirements.
The mechanical system was assumed to consist of central air handling units with VAV reheat as
that is a common system for this type of project. It was also assumed that this system was not equipped
with an economizer mode of operation and that the building ran on separate heat and power systems
thereby separating the generation of both the building electrical and thermal demands.

4.1.2 Baseline Design Energy Model
The Baseline energy model was based on the requirements for the LEED v4 guide in order to
create the necessary initial model for LEED building certification. According to LEED v4, ASHRAE
90.1-2010 is the applicable guideline for the wall construction, lighting power densities, and mechanical
system assignments.
Additionally, the architecture of the building had to include the double skin façade as it was part
of the overall design of the exterior envelope.
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Finally, the mechanical system was specified by ASHRAE 90.1 to be centralized air handling
units with VAV reheat. Additionally, an economizer was included in this system design. It was still
assumed, however, that the building was running on a separate heat and power system.

4.1.3 Optimized Design Energy Model
The Optimized Design energy model was modeled based on the final design of the building and
included all of the updated features of the design.
The lighting power densities for the design were based on LED lighting fixtures which were able
to reduce the space loads. These LPD values were based on either calculations of the individual spaces or
on the Advanced Energy Design Guide for Large Hospitals which served as a safe assumption for LPDs
of the supporting spaces.
The U-values for the envelope of the building were based on the values from the manufacturer of
the chosen metal panel assembly. The insulation values were greatly increased due to the use of the highly
insulated metal panels. The windows were also selected to have a low U-value and low solar heat gain
coefficient to help with the building load. Lastly, the roof construction was based on both requirements
for helipads and green roof construction as well as additional calculations to ensure U-value requirements
were met.
The double skin façade was included as part of the architectural design of the building. A green
roof was also added on the roof of level 1. This increased the insulation of the building during the wet
summer months.
Lastly, the mechanical systems were designed to include central air handling units with VAV
reheat. An economizer mode was designed into the controls of the system, and a combined heat and
power system was designed for the building so that the thermal and electrical load could be handled
simultaneously.
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4.2 Additional Energy Modeling Parameters
Some of the more in-depth parts of the energy model included the double skin façade, the
economizer cycle, and the combined heat and power system. These parameters had to be given special
consideration in order to accurately model their impact on the building.

4.2.1 Double Skin Façade
Initial research was conducted for
standard double skin assemblies and how they
could lead to a reduction in the envelope load.
This reduction comes primarily from lowering
the conductive and convective loads of the
Figure 7: Isometric View of Double Skin Facade

façade that exist due to the cold temperatures
and strong winter winds in Omaha. The double skin assembly reduced these loads with the added
insulation value of the mechanically ventilated air space. Reductions occurred in the solar load due to the
coating selection for the window assemblies and the catwalks acting as a solar shading device.
This façade, however, is not a common design
feature and therefore was not included in the options for a
typical TRACE model. In order to model the double skin
façade for the building located on a small portion of the
west side and covering the entire north, northeast, and south
east sides, as can be seen in Figure 6 and 7, all rooms along
Figure 8: Plan View of the Double Skin Facade

the double skin façade were modeled in a different file from
the rooms along the conventional façade.
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This double skin façade energy model was then assigned a modified weather file. This file
accounted for the changes in temperature, humidity, and wind speed for the air cavity of the double skin
façade. The new double skin façade energy model was then able to calculate the correct envelope load
that it would receive.
The solar load was maintained through the windows as the file accounted for the solar load of the
Omaha, Nebraska area. The exterior windows of the double skin are clear and so it was assumed that they
would have minimal effect on the shading coefficient (SC) of the assembly. This assumption was
confirmed by using LBNL Window Software that approximated an SC reduction of only 0.03 when
adding the ¾” exterior clear layer of glass to the assembly. The final shading coefficient that was used to
represent the building’s windows was for that of the optimized coating and assembly on the interior
windows of the double skin façade.
The conductive and convective load was maintained for the façade as well by maintaining the
heat transfer that takes place between the inner assembly of the double skin façade and the mechanically
ventilated air moving through the cavity.
Finally, the energy model was also able to account for shading from the 3 feet deep walkways
that were designed to be at every level of the double skin façade for maintenance purposes.
In order to find the total load of the building, the design load outputs were added from both the
interior and façade model. Examples of the reports can be found in Figures 8 and 9.

18

Figure 9: Interior Building Load

Figure 10: Facade Building Load

4.2.1 Ventilation Load
When calculating the ventilation load for the building, the issue arose that the outdoor air being
pulled from the modified weather file model did not have the correct temperatures to calculate an accurate
ventilation load. As the weather file had been modified to reflect the internal conditions of the double skin

Figure 11: Ventilation Load Calculation
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façade, the file would create a lower ventilation load for the building’s outdoor air intake. This issue was
mitigated by moving a majority of the building load to the interior façade file with the correct weather
file. The idea is that by moving the internal loads to the actual Omaha, Nebraska weather file, the room
will see the internal loads and supply air to counteract the loads. As the outdoor air provided to the space
is based on a percentage of the supply air, it will create a more accurate reading of the load by having all
of the internal loads on the correct weather file model therefor utilizing the correct supply air CFM in the
room. However, the envelope load cannot be moved from the modified weather file as it will create an
inaccurate reading for the envelope load. The outdoor air percentage being supplied to the double skin
façade envelope load will have a slightly smaller calculated load than is realistic. This concept is
summarized by the graphic in Figure 8.
By moving the internal loads to the correct weather file, the heating load for the total building
increased by 58%, the total building cooling load increased by 3%, and the total building load increased
by 5% as can be seen in Table 3.
Table 3: Ventilation Load for OA on Interior Facade vs. Facade

Heating

Cooling
58%

Total
3%

5%

4.2.2 Economizer
In order to account for the economizer mode for the mechanical systems, the Economizer Option
for the air handling unit was used from the TRACE model input options. By using the enthalpy type
option, the software will be able to calculate whether using the outside air will save the building energy in
order to determine if the mode should be utilized. The energy used or saved can then be calculated into
the load outputs for the designs that utilize the economizer mode.
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4.2.3 Combined Heat and Power
In order to optimize the combined heat and power system for the building, data was taken from
the Trane TRACE model and put into a spreadsheet that was able to calculate the necessary steam to
counteract the heating and cooling loads of the building. The total steam necessary for the building
heating, cooling, and hot water needs was then estimated and used as a parameter in sizing the combined
heat and power system.
The system was sized so that the steam necessary for heating is always covered. A backup boiler
was specified only for emergency purposes. Logic, however, was used to determine how much of the
cooling load could be covered with the optimized CHP system and at what point an electric chiller would
need to take over the load. The system was sized based on the thermal demand of building. The system
was able to cover most of the thermal demand with the added benefit of producing electricity.
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Chapter 5
Architectural Changes

5.1 Double Skin Façade
Designing the building envelope is a highly integrative
process that takes place between all of the disciplines. A high
performance and adaptable enclosure is necessary for heat transfer,
air and water barrier, visual and daylighting performance,
architectural and community statement, patient experience, cost
Figure 12: Plan View of the Double Skin
Facade

effectiveness, and operation efficiency.
The final solution is a unique, high performance double

skin façade. The double skin wall system is installed on Level 3 through Level 7 on the north, northeast,
southeast and partial west façades which are all visible to the community as can be seen in Figure 11. This
strategy is supported by a solar study, wind analysis, and building code.

Figure 13: Air Flow Options Through the Double Skin Façade

Different options of how to supply and exhaust the mechanically ventilated façade led to
choosing Option 3 in Figure 7 as the best way to direct the relief air. Option 3 was chosen as it provided a
good temperature gradient in the façade and had the best outcomes in terms of interaction with the other
building systems.
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The last piece of the façade that

Table 4: Model Parameters for Double Skin Façade Study

had to be studied included whether or not
to use energy recovery on the relief air
before supplying it to the façade as well
as a study that helped to optimize the
location of the final double skin façade.
This addressed whether to add a double
skin façade to a portion of the west or
south façade to aid in the aesthetics of the building and to continue to lower the load of the building.
Table 5: Load Savings for Double Skin Facade Addition

Heating
18%

Cooling
-1%

Total
0.2%

The final optimization of the double skin façade
included varying temperature relief air, energy recovery, and

an additional portion of the double skin on the west façade. With these optimizations, the building was
able to save 18% of the buildings total heating load, -1% of the buildings cooling load, and 0.2% of the
buildings total load when compared to the Given Model as seen in Table 5. Additionally, Figure 13

Figure 14: Given Design vs. Double Skin Facade Load
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reveals the energy savings per month by creating an Optimized Design with a double skin façade versus
the Given Design with a conventional façade.
Due to the high energy use intensity (EUI) of the building, it was found that the cooling load
played more of a role in the total load of the building over the heating load. Therefore, even though there
is a significant load savings for the heating load of the building, the double skin façade did not save a
significant portion of the building’s total load. The double skin façade was still chosen for the building,
however, for the mechanical reasoning that it would still provide some load savings and that it would
allow for the elimination of the perimeter heating system for thermal comfort purposes. The double skin
façade was also chosen as it was able to provide for patient wellness. The double skin was able to increase
the acoustics of the wall along the major thoroughfare of US Route 6 and provide a better accessibility
point for maintenance to service the plumbing systems of each patient room.
The following are the parametric studies used to determine the final set up and location of the
double skin façade that would create the maximum possible load reduction for the assembly.
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5.1.1 Relief Air Temperature
With the design of a double skin façade came the additional decision as to whether it should be
naturally ventilated or mechanically ventilated.
Due to the fact that the building was a hospital
and therefore requires many air changes creating
a high volume of relief air, it was decided to
utilize the energy from that relief air and create a
mechanically ventilated double skin façade as
can be seen in the system schematic of Figure
14.
Table 6: Model Parameters for Relief Air Study

Figure 15: Air Flow Through the System

By using a mechanically ventilated
façade, the additional energy that is left in the
relief air could be taken advantage of in terms of
using it to condition the air cavity of the double
skin façade. The next decision that had to be
made was whether or not to use the relief air
directly from the air handling units and provide the façade with 75°F relief air or if the air should first
undergo the process of energy recovery and then be released into the air cavity. Two energy models with
parameters indicated in Table 6 were created to compare the total building load changes that came from
75°F relief air with no energy recovery vs. varying relief air temperatures with energy recovery. The load
change comparison for the span of a year can be seen in Figures 15 and 16.
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It was found that by varying the relief air temperature and utilizing the heat recovery systems,
there was an 79% savings for the heating load, 19% savings for the cooling load, and a total building load
savings of 19% as can be seen in Table 7. The final decision was to utilize energy recovery on the relief
air in the double skin façade rather than using the constant 75°F relief air.
Table 7: Load Savings for Relief Air Energy Recovery

Heating
79%

Cooling
19%

Total
19%

Figure 16: Heating Load for Relief Air Optimization Figure 17: Cooling Load for Relief Air Optimization

5.1.2 Location of Assembly
Originally, the optimized design for The Children’s Hospital included a double skin façade on all
exposures of the building. However, after further analysis of the code and solar studies, it was found that
a majority of the south and west façades were unable to support the double skin façade due to fire code
requirements for building separation distances. Additionally, constructability had to be considered for the
back of the building, as the tower would be built over the existing hospital. This created issues in terms of
craning the double skin façade to the back of the building. It was decided not to utilize the double skin
façade on all of the south and west façades, however, there were small portions of these façades that could
support the double skin.
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Architecturally, it made sense to wrap at least part of these open façades with the double skin in
order to create a continuation of

Table 8: Model Parameters for Double Skin Façade Location Study

the aesthetic. The decision that had
to be made was whether to
continue the façade on to the open
portion of the south façade or the
open portion of the west façade.
The following are the parametric
studies that were used to decide on
the exact location of the final
double skin façade. The parameters of the models are listed in Table 8.

Table 9: Load Savings for West vs. South Double Skin Façade Location

West Façade Savings
Heating
Cooling
Total
8%
0%
0%

South Façade Savings
Heating
Cooling
Total
-11%
-1%
-1%

After analyzing a
set of models that

compared the double skin on the open portion of the south side, the open portion of the west side, and a
model that included neither of the additional sides, the following data was found. By moving the double
skin to the west side of the façade, the building load was reduced by 0% cooling, 8% heating, and 0%
total. By moving the double skin to the south side of the façade the building load was reduced by -1%
cooling, -11% heating, and -1% total as can be seen in Table 9. Therefore, the design was created by
including part of the west façade in the double skin façade design. Figure 17 also illustrates the load seen
by the building during each month for all of the configurations of the double skin façade.
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Figure 18: West vs. South Double Skin Facade Load

5.2 Window Optimization
One of the factors that plays into Table 10: Model Parameters for Window Optimization
patient wellness in a hospital is their
connection to the outdoors. A way to
better connect the patient to the outside
is by supplying more daylight to their
room and creating larger windows
through which the patient can view the
outside. This is especially true for the
critical care patients that are unable to leave their rooms. By increasing the percentage of glass for the
façade, the amount of daylighting supplied to a room is increased. However, when increasing the window
percentage for a space, the load for that space will also increase as windows have worse U-values than
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wall assemblies, allowing for a higher rate of heat transfer. The glass also allows for more solar heat gain
to enter the room further increasing the load. Table 10 lists the parameters for the window optimization
energy model.
By increasing the window percentage for the building from 32% to 36%, the load for the
building increased by 11% for heating, 2% for cooling, and 2% total as can be seen in Table 11.
Table 11: Load Changes for Window Increase

Heating
-11%

Cooling
-2%

Total
-2%

Table 12: Daylighting Increase for Window Change

Northeast Façade Daylighting Calculation Results
Window

Average Illuminance (lux)

However, by increasing the window
size, the daylighting for the space was
slightly increased as can be seen in Table

Percentage
March 21

June 21

December 21

of Façade
32%

691

971

331

36%

780

1024

354

12. This along with the added area for
outdoor views helped to increase patient
wellness and serve the hospital’s goal of
overall patient care. In the end, it was

found that it would be better to increase the size of the windows despite the added load to the building.
Figure 18 reveals the overall load increase for the building per month due to the window size increase.
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Figure 19: Window Size Increase Load
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Chapter 6
Envelope Upgrade

6.1 Wall Assembly
Three different wall assemblies were considered during the design of the Children’s Hospital.
These assemblies related the three different energy models that were utilized throughout the iterative
design process. The first assembly was the Given Design that utilized ASHRAE 90.1-2007 wall assembly
values and did not include the double skin façade. The second assembly was the Baseline Design that was
used for LEED certification. This model utilized the
ASHRAE 90.1 – 2010 standard for the wall assembly
values and did include the double skin façade. The final
assembly was the end result of the Optimized Design
which utilized the manufacturer’s data for the metal panel
assembly U-value. This design also included the double
skin façade whose assembly can be seen in Figure 19. A
summary of the envelope values utilized for each design
can be in Table 13.

Figure 20: Double Skin Facade Assembly
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Table 13: Model Parameters for Envelope Study

The results of the energy models revealed that the
envelope assembly upgrade for the Optimized
Design saved 24% of the heating load and 1% of
the cooling load with a total of 3% load savings
from the Given Design as can be seen in Table 14.
When comparing the Optimized Design to the
Baseline Design, there is a 3% heating load
savings, 2% cooling load savings, and an overall
load savings of 2%. Figure 20 shows the overall comparison of loads for each of the wall assemblies
studied.

Table 14: Load Savings for Envelope Upgrade

Given vs. Optimized
Heating
Cooling
Total
24%
1%
3%

Baseline vs. Optimized
Heating
Cooling
Total
3%
2%
2%

Figure 21: Envelope Upgrade Load Comparison
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6.2 Roof Assembly

Table 15: Model Parameters for Roof Assembly

The project goals and requirements had
major influences on the design of the Children’s
Hospital roofing systems. The tower roof had the
unique requirement of being designed to account
for its interaction with the landing pad that is
located above the roof and used for the medical
helicopters. The roof on top of Level 1 was
unique in that it played into the goal of wellness

as it was designed to be a green roof. This was done to create a relaxing place for the patients and their
families to visit.
The base assemblies for the roof were
dictated per the previous requirements and
then optimized in order to comply with
ASHRAE 90.1-2016. This version of the
standard was chosen for the Optimized
Figure 22: Tower Roof Assembly

Design as it contained more stringent
requirements for the roof design and was the most recently updated version of the standard. The
maximum U-value according to ASHRAE 90.1-2016 is 0.032 BTU/h*ft2*°F. The tower roof (Figure 21)
was designed to meet this
standard by optimizing the
layers of the assembly. The
Green Roof (Figure 22) was
designed to meet the ASHRAE
Figure 23: Green Roof Assembly

90.1-2016 standard maximum
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U-value during the dry winter months and then exceeds the standard during the wet summer months as
the plant material and soil on top of the roof decreases the heat gain due to evaporation of the assembly.
The U-values of the assembly can be seen in Table 15.
Table 16: Load Savings for Roof Upgrade

Heating
Cooling
Total
By upgrading the roofing assemblies for the
11%
0%
0%
Children’s Hospital, there was an 11% heating load savings when compared to the given values, but 0%
cooling load savings as can be seen in Table 16. The overall load comparison for the roofing upgrade can
be seen in Figure 23.

Figure 24: Roof Upgrade Load Comparison

6.3 Window Assembly
When deciding on what window coating to specify, two major factors had to be considered. The
window needed to have an acceptable shading coefficient to block out a percentage of the solar heat gain.
However, when choosing the coating, the visual transmittance also had to be considered to ensure that the
patient rooms were receiving adequate daylighting to aid in their recovery. The design really had to
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balance both the goal of wellness and the challenge of a high performance enclosure. Three different
coatings and assemblies were compared as can be seen in Table 17.
Table 17: Model Parameters for Window Assembly

The values from
ASHRAE 90.1-2007 were used
for the Given Design and as the
base in the comparison. Two
additional coatings with
different visual transmittance
values were then studied to
understand their impact on the load of the building. The 72% visual transmittance assembly and coating
was able to save the building 19% of its heating load, 0% of its cooling load, and only 1% of the building
load overall as can be seen in Table 18.
Table 18: Load Savings for Glass Update

Heating
19%

VT=72%
Cooling
0%

Total
1%

Heating
40%

VT=62%
Cooling
3%

Total
6%

The 62% visual transmittance assembly and coating was able to save the building 40% of its
heating load, 3% of its cooling load, and 6% of the total building load as can be seen in Table 18. After
consulting with the lighting designer for the project, it was determined that the 62% visual transmittance
coating would provide an acceptable amount of daylighting to the patient and therefore was specified for
the windows to reduce the load for the final building design. Figure 24 displays the overall load
comparisons for the different glass coatings and assemblies.
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Figure 25: Glass Change Total Load Comparison

6.3.1 Window Assembly: North and North East Optimization
Due to the increased
energy efficiency of the north

Table 19: Model Parameters for North Side Window Assembly Optimization
Internal Loads
Envelope

and northeast sides of the
building from the double skin
façade and due to the smaller

People
Equipment
Double Skin Façade
Window Percentage
Wall Assembly
U-value
Roof Assembly
U-value

direction, the window assembly
Systems

North Window Assembly
U-value
Shading Coefficient
Mechanical

of just this side was analyzed in

the window assembly needed to

ASHRAE 90.1 - 2007

Other Window Assembly
U-value
Shading Coefficient

solar load of the building

order to determine how efficient

Given
SHGC - North
U-Value - North
Constant for All Models: See Appendix B
Constant for All Models: See Appendix B

32%
ASHRAE 90.1 - 2007
0.064
ASHRAE 90.1 - 2007
0.048

Ventilation
Energy Recovery
Lighting
Lighting Power Density
Economizer

0.45
0.46
ASHRAE 90.1 - 2007
0.45
0.46

0.2
0.46
VAV wth Reheat

0.45
0.3

Constant Percentage of Load for All Models

ASHRAE 90.1 - 2007
See Appendix C


be. A parametric study was conducted by creating a model with parameters listed in Table 19 that had an
increased U-Value for the window assembly and then by creating another model with an increased SC
value for the window assembly.
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It was found that by decreasing
just the windows U-value, the building
was able to save 15% of its heating load,

Table 20: Load Change for N/NE Window Assembly Optimization

U-Value Upgrade
SC Upgrade

Heating
15%
9%

Cooling
0%
1%

Total

1%
2%

0% of its cooling load, and 1% over the base model. By decreasing the SC of the window assembly, the
building was able to save 9% of its heating load, 1% of its cooling load, and 2% of its total load. The load
savings is summarized in Table 20.
Figure 25 summarizes the total changes in the building load by optimizing the two different
aspects of the window assembly. The conclusion from this study was that the north and northeast sides of
the building would benefit most from an upgrade in the shading coefficient aspect of the assembly due to
the high cooling load for the building.

Figure 26: Assembly Change Total Load Comparison
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Chapter 7
Building Systems

7.1 Lighting
While moving through the design process the lighting power densities (LPD) were identified as a
contributor to the load of the building. It was also identified as a possible point of inaccuracy for the
energy model. ASHRAE 90.1 contains two methods in terms of identifying the LPD for a space. The first
is the building area method that allows for the specification of one LPD for the entire building. The
second method is the space by space method that allows for the model to be assigned an LPD per room
based off of the space use. Both of these methods were used for the building to determine if the building
area method was a sufficient method to calculate the internal loads for the lights or if the space by space
method would need to be maintained throughout the process.
It was found that the building area

Table 21: Inaccuracy of the Lighting Building Area Method

Area Method Savings
Heating
Cooling
3%
-3%

method when compared to the space by space

Total

-3%

method decreased the heating load by 3% and

increased the cooling load by 3% causing a total inaccuracy of approximately 3% for the building area
method as can be seen in Table 21. It was determined to continue to maintain the space by space method
throughout the project to help create a more accurate representation of the loads throughout the building.
Additionally, throughout the project, the LPDs of the Children’s Hospital were reduced by using
LEDs throughout the lighting design and then recalculating the LPDs of the space. For supporting spaces
Table 22: Load Savings for Optimized Lighting Design

Optimized Savings
Heating
Cooling
Total
0%
5%
5%

that were not recalculated, values from the Advanced
Energy Design Guide for Large Hospitals were
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Table 23: Model Parameters for Lighting Optimization
People
Equipment
Double Skin Façade
Window Percentage
Wall Assembly
U-value
Roof Assembly
U-value
Window Assembly
U-value
Shading Coefficient
Mechanical
Ventilation
Energy Recovery

Internal Loads
Envelope

Systems

Lighting
Lighting Power Density
Economizer

assumed for the LED upgrade.

Given Design
Area Method
Optimized Design
Constant for All Models: See Appendix B
Constant for All Models: See Appendix B
X
32%
ASHRAE 90.1 - 2007
0.064
ASHRAE 90.1 - 2007
0.048
ASHRAE 90.1 - 2007
0.45
0.46
VAV wth Reheat
Constant Percentage of Load for All Models

ASHRAE 90.1 - 2007

ASHRAE 90.1 - 2007

Space by Space

Building Area
See Appendix C


Optimized and FGI
Values

By optimizing the lighting
design, the cooling load was
reduced by 7%, the heating load
was reduced by 0%, and the total
building load was reduced by 7%
as can be seen in Table 22.
Table 23 summarizes the
parameters for the study and

Figure 26 represents the overall load savings for the different LPDs that were used throughout the design
iterations.

Figure 27: Lighting Load Comparison

7.2 Economizer
By using an economizer mode for the air handling units, the total load and the cooling load for
the optimized design was reduced by 33%. This reduction comes from being able to use outdoor air to
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partially reduce the load when the enthalpy is below 28.5 BTU/lb of dry air. Table 24 lists the parameters
used for the energy models that were compared. Table 25 lists the comparisons between the Given Design
and the Optimized Design both with and without the use of the economizer mode.
Table 24: Model Parameters for Economizer
Given Design with
Optimized Design
Economizer
Constant for All Models: See Appendix B
Constant for All Models: See Appendix B

Given Design
Internal Loads
Envelope

People
Equipment
Double Skin Façade
Window Percentage
Wall Assembly
U-value
Roof Assembly
U-value
Window Assembly

Systems

U-value
Shading Coefficient
Mechanical
Ventilation
Energy Recovery
Lighting
Lighting Power Density
Economizer

Optimized Design
with Economizer

X
32%


36%

ASHRAE 90.1 - 2007

Metal Panels

0.064

0.0392

ASHRAE 90.1 - 2007

ASHRAE 90.1 - 2016

0.048

See Section 6.2 for Assemblies

ASHRAE 90.1 - 2007

Optimized Assembly

0.45
0.46

0.23
0.3

VAV wth Reheat
Constant Percentage of Load for All Models

ASHRAE 90.1 - 2007

Optimized and FGI Values
See Appendix C

X

X





Overall, the reduction in load due to the use of an economizer control sequence was significant
and so an economizer mode was utilized for the Children’s Hospital. Figure 27 below shows an overall
load savings that can be found when using the economizer mode.
Table 25: Economizer Load Savings

Given vs. Optimized
Heating
Cooling
Total
Given vs.
Optimized

49%

7%

9%

Given vs.
Optimized w/
Economizer

49%

32%

33%

Optimized vs.
Optimized w/
Economizer

0%

27%

27%
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Figure 28: Load Savings for Economizer

7.3 Combined Heat and Power vs. Separate Heat and Power
Due to the high thermal load of the Children’s Hospital, a combined heat and power system was
considered as it would lower the overall energy consumption of the building. The concept behind
combined heat and power is that the system is able to generate part of the electrical load of a building
Table 26: Model Parameters for CHP
Internal Loads
Envelope

People
Equipment
Double Skin Façade
Window Percentage
Wall Assembly
U-value
Roof Assembly
U-value
Window Assembly

Systems

U-value
Shading Coefficient
Mechanical
Ventilation
Energy Recovery
Lighting
Lighting Power Density
Economizer
Power Source

SHP
CHP
Constant for All Models: See Appendix B
Constant for All Models: See Appendix B

36%
Metal Panels
0.0392
ASHRAE 90.1 - 2016
See Section 6.2 for Assemblies
Optimized Assembly
0.23
0.3
VAV wth Reheat
Constant Percentage of Load for All Models

Optimized and FGI Values
See Appendix C

SHP
CHP

while also taking advantage of the waste
heat that is produced during generation.
This is in comparison to a separate heat
and power system that utilizes the grid for
all electric needs as well as a boiler
system to provide the building’s thermal
energy needs.
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Additionally, a combined heat and power system is found to be much more reliable in the case of
natural disasters which contributes to patient wellness. As a combined heat and power system is run
consistently and is maintained for daily operation unlike a backup generator, it is more reliable in being
able to handle emergency power situations when the grid fails.
Table 27: Energy Savings for a CHP vs. SHP System

System

Primary Energy Optimized
Use (kWh) Design Savings

SHP
CHP

51,782,244.38
43,678,693.35

The Optimized Design total loads were
applied to the previously discussed combined heat
and power spread sheet and it was found that there

16%

was a 16% energy savings when using combined

heat and power versus separate heat and power for the hospital energy consumption as can be seen in
Table 27. The calculations considered source energy and included the transmission and production losses
for electricity versus the energy used for the onsite natural gas powered combined heat and power system.
Figure 28 also demonstrates the change in energy over the course of a year when using a combined heat
and power system.

Figure 29: Energy Use for a CHP vs. SHP System
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Chapter 8 Conclusion

8.1 Project and Design Overview
Overall, the final Optimized Design of the Children’s Hospital and Medical Center in Omaha,
Nebraska was able to create a high performing envelope while maintaining a high level of care and
creating a healing environment for all of the patients. Additionally, the selected envelope and building
systems were chosen to be energy efficient and effective in a hospital setting.

8.1.1 Comparison of Optimized, Baseline, and Given Load
The final design decisions for the
building considered both the load and how
it would affect the energy efficiency of the
building as well as how the decision would
affect patient wellness and their overall
experience during the healing process. The
final envelope and system design decision

Table 28: Model Parameters for Final Optimization Design
Codes and Standards

Internal Loads People
Equipment
Double Skin
X
Façade
Envelope
Window
32%
Percentage
Wall
ASHRAE 90.1 Assembly
2007
U-value
0.064
Roof
ASHRAE 90.1 Assembly
2007

are listed in Table 28.
By optimizing the design, the
building was able to save 50% of the
heating load, 33% of the cooling load, and
34% of the total load when compared to the
Given Design. When compared to the
LEED Baseline Design there was a 44%

Given Design Baseline Design Optimized Design
IECC 2009
LEED v4
ASHRAE 90.1 - ASHRAE 90.1 ASHRAE 90.1 2007
2010
2016
Constant for All Models: See Appendix B
Constant for All Models: See Appendix B

Systems





36%

36%

ASHRAE 90.1 2010
0.064
ASHRAE 90.1 2010

Metal Panels
0.0392
ASHRAE 90.1 2016
See Section 6.2
for Assemblies
Optimized
Assembly
0.23

0.048
0.048
U-value
Window
ASHRAE 90.1 - ASHRAE 90.1 Assembly
2007
2010
U-value
0.45
0.45
Shading
0.46
0.46
0.3
Coefficient
Mechanical
VAV wth Reheat
Ventilation
Constant Percentage of Load for All Models
Energy



Recovery
ASHRAE 90.1 - ASHRAE 90.1 Optimized and
Lighting
2007
2010
FGI Values
Lighting
Power
See Appendix C
Density
Economizer
X


Power Source
SHP
CHP
CHP
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savings for the heating load, 11% savings for the cooling load, and 13% of the total load as can be seen in
Table 29.

Optimized
Heating Cooling
Comparison
LEED
44%
11%
Given
50%
33%

Figure 29 is a graphical analysis of how the

Total
13%
34%

Optimized Model compared to the Baseline and Given
Designs.

Table 29: Total Load Savings

Figure 30: Energy Model Total Loads

8.1.2 Comparison of Optimized, Baseline, and Given Energy Use
By utilizing a combined heat and power system for the building, the Optimized Building Design
was able to reduce its energy use by 18% when

Table 30: Energy Savings Using CHP

System

Primary Energy Optimized
Use (kWh) Design Savings

Given - SHP
53,010,273.71
Baseline - SHP 50,924,321.60
Optimized - CHP 43,678,693.35

18%
14%

Table 31 lists the parameters of this energy study.

compared to the Given Design and 14% when
compared to the Baseline Design as seen in Table
30. Figure 30 is a graphical analysis of the total
energy for each of the Designs that were studied and
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Table 31: Model Parameters for Building Energy Source
Codes and Standards

Given Design Baseline Design Optimized Design
IECC 2009
LEED v4
ASHRAE 90.1 - ASHRAE 90.1 ASHRAE 90.1 2010
2007
2016
Constant for All Models: See Appendix B
Constant for All Models: See Appendix B

Internal Loads People
Equipment
Double Skin
X
Façade
Envelope
Window
32%
Percentage
Wall
ASHRAE 90.1 Assembly
2007
U-value
0.064
Roof
ASHRAE 90.1 Assembly
2007

Systems





36%

36%

ASHRAE 90.1 2010
0.064
ASHRAE 90.1 2010

Metal Panels
0.0392
ASHRAE 90.1 2016
See Section 6.2
for Assemblies
Optimized
Assembly
0.23

0.048
0.048
U-value
Window
ASHRAE 90.1 - ASHRAE 90.1 Assembly
2007
2010
U-value
0.45
0.45
Shading
0.46
0.46
0.3
Coefficient
Mechanical
VAV wth Reheat
Ventilation
Constant Percentage of Load for All Models
Energy



Recovery
ASHRAE 90.1 - ASHRAE 90.1 Optimized and
Lighting
2007
2010
FGI Values
Lighting
Power
See Appendix C
Density
Economizer
X


Power Source
SHP
CHP
SHP

Figure 31: Energy Savings for Combined Heat and Power Design

45
8.1.3 Mechanical Design Overview
The final design of the double skin façade consists of a mechanically ventilated cavity. The
design provides the buildings relief air to the cavity from the bottom of the façade at Level 3 and relieves
it at the top of Level 7. The façade contains all necessary fire protection measures and was able to
decrease the heating load of the building by 13% and increase the overall patient experience through the
addition of larger windows in the assembly, better thermal comfort for the room, and added acoustical
properties for the façade that faces the busy road of US Route 6.
The final design of the mechanical system included 12 dual deck air handling units located in the
mechanical room on the second floor of the Children’s Hospital. These dual deck systems decrease the
downtime of the unit as they are able to continue to supply their hospital zone during times of
maintenance as they are built in a way that allows half of the unit to continue to serve the load while the
facilities staff is conducting maintenance on the other half of the unit. This added capacity is also utilized
during the economizer mode when the system is required to handle a larger amount of outside air and
relieve more of the return air for the building. The distribution of the system was designed to consist of
zoned VAV boxes with reheat to supply all of the patient rooms and support spaces.
The system controls for the building include both smart technology aimed at increasing the
control of the patient over their environment as well as to provide for the economizer mode and assist
facilities staff in ensuring that all critical spaces are being conditioned to the proper setpoints.
This system is supplied by a central plant located adjacent to the hospital that utilizes a combined
heat and power plant to produce part of its thermal and electrical requirements. The thermal energy
produced is used for both heating by using heat exchangers to supply the buildings heating load and
cooling by using the steam in absorption chillers to produce the building cooling load. All heating
requirements for the building are covered by the combined heat and power thermal output, but the cooling
requirements are supplemented by additional chillers for the system.
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The final design of the system was able to provide for the goal of patient wellness while reducing
the energy use of the building by 18% from the Given Design or 14% from the Baseline Design thereby
achieving 63 points for the LEED rating system.

Figure 32: Summary of the Mechanical Design

8.1.4 Integrative Design Overview
The design of the Children’s Hospital and Medical Center in Omaha, Nebraska was completed
through an integrative approach that involved Mechanical, Lighting/Electrical, Structural, and
Construction Option Architectural Engineers. The total hospital design was influenced by each option in
order to create a more efficient and effective overall design. The Lighting/Electrical team influenced the
mechanical design by working to reduce the equipment loads for the building. The structural team
influenced the location of the equipment. The construction team played a role in working towards the
optimization of the design to consider both the schedule and budget for the Children’s Hospital. Key
points of integration for the project design included the location of the mechanical room, the final design
of the double skin façade, and the operation and location of the central plant for the hospital.
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8.2 Conclusion and Lessons Learned
The process of design was a continuous series of lessons learned including:
•

An integrative design approach yields the best final product

•

Effective communication saves time and creates a more efficient design process

•

The importance in recording how decisions on inputs for the energy model

•

Parametric studies are necessary to optimize the total design of a project

•

The significance of creative processes to develop solutions for complicated analysis

•

The understanding of how to mitigate inaccuracies in energy modeling

Finally, the biggest lesson learned by the team during the integrative design process was the idea
that changes to the design tend to create a ripple effect. By manipulating one area of the design, changes
would occur in several other areas and it was important to identify the changes to ensure that any negative
effects were mitigated. However, by working as an integrated team with multiple disciplines, the
mechanical design team was more prepared to deal with these changes. By working as a team and
understanding the goals of the owner and the other disciplines, the mechanical team was able to create an
effective mechanical system that fulfilled the goals of the team.

Figure 33: Final Design for the Children's Hospital and Medical
Center
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Appendix A
Building Occupancy
Additional Tower Space Types
Level

Space Type

Patient Rooms

7

Hematology/Oncology

32

6

Cardiac Care

31

5

Pediatric Intensive Care

30

4

Neonatal Intensive Care

32
4

3

Fetal Care Center/Labor,
Delivery, Recovery, and
Postpartum
Intensive Care Shell

20

Family Center (Future
Intensive Care)

18

2

Additional Podium Space Types
Level

Space Type

LL 5

Pharmacy
Recreational Center/Gym

LL3

Family Shell Space
Cafeteria
Sterilizing Support Space
Office Space

LL1

Short Stay Rooms
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Exam Rooms
Office Space
Pre/Post Operation Rooms
L1

Operating Rooms
Short Stay Rooms
Pre/Post Operation Rooms
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Appendix B
Internal Loads Base Template: People and Miscellaneous Load
People
Type

Density

Schedule

sf/person

Miscellaneous Load

Sensible
Load

Latent
Load

Equipment

btu/hr

btu/hr

W/sf

Schedule

Anesthesia
Workroom

Hospital
Room

100

People Hospital

250

200

Anteroom

Hospital
Room

100

People Hospital

250

200

Bathroom

-

Call Room

Hospital
Room

100

People Hospital

250

200

1

Misc - Hosp

CCU Room

Hospital
Room

100

People Hospital

250

200

2.42

Misc - Hosp

Child Life

Hospital
Room

100

People Hospital

250

200

2

Misc - Hosp

Clean Supply Room

Hospital
Room

100

People Hospital

250

200

1

Misc - Hosp

Comm. Room

-

5

Base Utilities Healthcare

Conference Room

Conference
Room

Consulting

Hospital
Room

Corridor

-

C-Section

Hospital
Room

Director Office

General
Office
Space

Electrical Room

-

Elevator

-

-

-

-

-

-

-

-

-

2

Misc - Hosp

-

-

-

-

20

People Hospital

245

155

2

Misc - Hosp

100

People Hospital

250

200

2

Misc - Hosp

0.5

Misc - Hosp

-

-

-

-

100

People Hospital
Surgery

250

200

8

Misc - Hosp

143

People Hospital

250

200

2

Misc - Hosp

5

Base Utilities Healthcare

4.7 [HP]

Misc - Elevator

-

4

Misc - Elevator

-

245

155
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Equipment
Cleaning

Hospital
Room

100

People Hospital

250

200

4

Misc - Hosp

Exam

Hospital
Room

100

People Hospital

250

200

1

Misc - Hosp

Exam/Triage

Hospital
Room

100

People Hospital

250

200

4

Misc - Hosp

Family Shell

Hospital
Room

100

People Hospital
Patient Room

250

200

2

Misc - Hosp

Family Support

Hospital
Room

100

People Hospital

250

200

2

Misc - Hosp

FCC LDRP

Hospital
Room

100

People Hospital

250

200

2.42

Misc - Hosp

Hemonc

Hospital
Room

100

People Hospital

250

200

2.42

Misc - Hosp

Hoteling Office

General
Office
Space

143

People Hospital

250

200

2

Misc - Hosp

Housekeeping

-

Hydro Tub Room

Hospital
Room

100

People Hospital

250

200

3

Misc - Hosp

Lactating

Hospital
Room

100

People Hospital

250

200

1

Misc - Hosp

Laundry

Hospital
Room

100

People Hospital

250

200

2

Misc - Hosp

Lobby

Hospital
Room

100

People Hospital

250

200

0.5

Misc - Hosp

Locker/Changing
Area

Hospital
Room

100

People Hospital

250

200

0.5

Misc - Hosp

Main Mechanical

-

-

-

-

-

Mechanical Shafts

-

-

-

-

-

Meds

Hospital
Room

-

-

-

-

-

-

5
-

Base Utilities Healthcare
-

100

People Hospital

250

200

5

Misc - Hosp

MRI

Hospital
Room

100

People Hospital

250

200

1

Misc - Hosp

NICU

Hospital
Room

100

People Hospital

250

200

2.42

Misc - Hosp
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Nourish

Hospital
Room

100

People Hospital

250

200

1.02

Misc - Hosp

Nursing Station

Hospital
Room

100

People Hospital

250

200

2

Misc - Hosp

Office

General
Office
Space

143

People Hospital

250

200

2

Misc - Hosp

Operating Room

Hospital
Room

100

People Hospital

250

200

14.5

Misc - Hosp

Parent Rooms

Hospital
Room

100

People Hospital

250

200

1

Misc - Hosp

Physician
Multipurpose
Room

Hospital
Room

100

People Hospital

250

200

2

Misc - Hosp

PICU

Hospital
Room

100

People Hospital

250

200

2.42

Misc - Hosp

Private Touchdown
Work

General
Office
Space

143

People Hospital

250

200

2

Misc - Hosp

Reception

Reception
Area

16.7

People Hospital

245

155

1

Misc - Hosp

Rehab

Hospital
Room

100

People Hospital

250

200

4

Misc - Hosp

Resident Work

General
Office
Space

143

People Hospital

250

200

2

Misc - Hosp

Respite

Hospital
Room

100

People Hospital

250

200

2

Misc - Hosp

Shared
Workstation

General
Office
Space

143

People Hospital

250

200

2

Misc - Hosp

Shared Office

General
Office
Space

143

People Hospital

250

200

2

Misc - Hosp

Shell Office

General
Office
Space

143

People Hospital

250

200

2

Misc - Hosp

Shell PR

Hospital
Room

100

People Hospital

250

200

2.42

Misc - Hosp

Shell Space

Hospital
Room

100

People Hospital

250

200

2

Misc - Hosp

Shower/TLT

-

-

-

-

-

-

-
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Social Work/Case
Manager

General
Office
Space

143

People Hospital

250

200

2

Misc - Hosp

Soiled Holding

Hospital
Room

100

People Hospital

250

200

1

Misc - Hosp

Staff Lounge

Hospital
Room

100

People Hospital

250

200

2

Misc - Hosp

Stairwells

-

Storage

Hospital
Room

100

People Hospital

250

200

1

Misc - Hosp

Sub Teaming
Center

Hospital
Room

100

People Hospital

250

200

2

Misc - Hosp

Team Center

Hospital
Room

100

People Hospital

250

200

2

Misc - Hosp

Treatment

Hospital
Room

100

People Hospital

250

200

1

Misc - Hosp

Tube Priming

Hospital
Room

100

People Hospital

250

200

5

Misc - Hosp

Ultrasound

Hospital
Room

100

People Hospital

250

200

1

Misc - Hosp

Unassigned

Hospital
Room

100

People Hospital

250

200

2

Misc - Hosp

Waiting Room

Hospital
Room

100

People Hospital

250

200

1

Misc - Hosp

-

-

-

-

-

-
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Appendix C
Internal Loads: Lighting Power Densities

Lighting
Schedule

Given

LEED

Optimized

W/sf

W/sf

W/sf

Anesthesia
Workroom

LightsHospital

1.1

1.27

1

Anteroom

Lights Hospital
Patient
Room

1

0.87

0.62

Bathroom

Lights Hospital
General

0.9

0.98

0.98

Call Room

Lights Hospital
General

1.1

1.11

0.62

CCU Room

Lights Hospital
Patient
Room

0.72

0.62

0.69

Child Life

Lights Hospital
General

0.8

1.07

0.8

Clean Supply Room

Lights Hospital
General

0.9

1.27

1

Comm Room

Lights Utilities

1.5

0.95

0.95

Conference Room

Lights Hospital
General

1.3

1.23

1

Consulting

Lights Hospital
General

1.1

1.11

0.8

Corridor

Lights Hospital
General

1

0.89

0.45

C-Section

Lights Hospital
Surgery

2.2

1.89

1.7

Director Office

Lights Hospital
General

1.1

1.11

0.8

Electrical Room

Lights Utilities

1.5

0.95

0.95

55
Elevator

Available
100%

Equipment Cleaning

1

1

1

Lights Hospital

0.6

0.6

0.6

Exam

Lights Hospital

1.5

1.66

1

Exam/Triage

Lights Hospital

1.5

1.66

1

Family Shell

Lights Hospital
Patient
Room

1.2

1.11

1.11

Family Support

Lights Hospital
General

0.8

1.11

0.8

FCC LDRP

Lights Hospital
General

0.72

0.62

0.68

Hemonc

Lights Hospital
Patient
Room

0.72

0.62

0.69

Hoteling Office

Lights Hospital
General

1.1

1.11

0.8

Housekeeping

Lights Hospital
General

0.9

0.6

0.63

Hydro Tub Room

Lights Hospital

0.9

0.91

0.8

Lactating

Lights Hospital
General

0.8

1.11

0.8

Laundry

Lights Hospital

0.6

0.6

0.6

Lobby

Lights Hospital
General

1.3

0.9

0.9

Locker/Changing
Area

Lights Hospital
General

0.6

0.75

0.75

Main Mechanical

Lights Utilities

1.5

0.95

0.95

Mechanical Shafts

-

-

-

Meds

Lights Hospital
General

1.4

1.27

1

MRI

Lights Hospital

0.4

1.32

0.8

NICU

Lights Hospital
Patient
Room

0.72

0.62

0.7

-
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Nourish

Lights Hospital
General

1.4

1.27

0.87

Nursing Station

Lights Hospital

1

0.87

0.87

Office

Lights Hospital
General

1.1

1.11

0.8

Operating Room

Lights Hospital
Surgery

2.2

1.89

1.7

Parent Rooms

Lights Hospital
General

0.72

1.11

0.62

Physician
Multipurpose Room

Lights Hospital
General

1.1

1.11

0.98

PICU

Lights Hospital
Patient
Room

0.72

0.62

0.69

Private Touchdown
Work

Lights Hospital
General

1.1

1.11

0.8

Reception

Lights Hospital
General

1.3

0.89

0.8

Rehab

Lights Hospital
General

0.9

0.91

0.9

Resident Work

Lights Hospital
General

1.1

1.11

0.8

Respite

Lights Hospital
General

0.8

1.11

0.8

Shared Workstation

Lights Hospital
General

1

0.98

0.9

Shared Office

Lights Hospital
General

1.1

1.11

0.8

Shell Office

Lights Hospital
General

1.1

1.11

0.8

Shell PR

Lights Hospital
Patient
Room

0.72

0.62

0.69

Shell Space

Lights Hospital

1.2

1.1

1.1

Shower/TLT

Lights Hospital
General

0.9

0.98

0.98
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Social Work/Case
Manager

Lights Hospital
General

1.1

1.11

0.8

Soiled Holding

Lights Hospital
General

0.6

0.6

0.6

Staff Lounge

Lights Hospital
General

1

1.07

0.73

Stairwells

Available
100%

1.2

0.69

0.69

Storage

Lights Hospital
General

0.9

0.63

0.63

Sub Teaming Center

Lights Hospital
General

1

0.98

0.9

Team Center

Lights Hospital
General

1

0.98

0.8

Treatment

Lights Hospital

1.5

1.66

1.5

Tube Priming

Lights Hospital
General

1.4

1.27

0.87

Ultrasound

Lights Hospital

0.4

1.32

0.8

Unassigned

Lights Hospital
General

1.2

1.11

1.11

Waiting Room

Lights Hospital
General

0.8

1.07

0.66
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Appendix D
Air Flow Templates

Airflow
(100%
available)
AHU-1
AHU-2
AHU-3
AHU-4
AHU-5
AHU-6
AHU-7
AHU-8
AHU-9
AHU-10
AHU-11
AHU-12
AHU-13
Corridor

Ventilation Rate
% Heating
% Cooling
Airflow
Airflow
25.66
25.66
18.84
18.84
25.26
25.26
21.94
21.94
22.5
22.5
25.77
25.77
33.33
44
4 ACH
33.66
33.92
33.88
0.05 cfm/sqft

33.33
44
4 ACH
33.66
33.92
33.88
0.05 cfm/sqft

Energy
Recovery

Total Energy HR
Total Energy HR
Total Energy HR
Total Energy HR
Total Energy HR
Total Energy HR
Total Energy HR
Total Energy HR
Total Energy HR
Total Energy HR
Total Energy HR
Total Energy HR
Total Energy HR
Total Energy HR
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Appendix E
Model Base Parameters Summary

Given Design
Codes and Standards

Internal
Loads
Envelope

IECC 2009

LEED v4

ASHRAE 90.1 - 2007

ASHRAE 90.1 - 2007

Optimized Design
ASHRAE 90.1 -2016

People

Constant for All Models: See Appendix B

Equipment

Constant for All Models: See Appendix B

Double
Skin Façade

X





Window
Percentage

32%

36%

36%

ASHRAE 90.1 - 2007

ASHRAE 90.1 -2010

Metal Panels

0.064

0.064

0.055

ASHRAE 90.1 - 2007

ASHRAE 90.1 -2010

ASHRAE 90.1 -2016

0.048

0.048

See Section 6.2 for
Assemblies

ASHRAE 90.1 - 2007

ASHRAE 90.1 -2010

Optimized
Assembly

U-value

0.45

0.45

0.23

Shading
Coefficient

0.46

0.46

0.3

Wall
Assembly
U-value
Roof
Assembly
U-value
Window
Assembly

Systems

Baseline Design

Mechanical

VAV with Reheat

Ventilation

Constant Percentage of Load for All Models

Energy
Recovery







Lighting

ASHRAE 90.1 - 2007

ASHRAE 90.1 - 2010

Optimized and FGI
Values

Lighting
Power
Density
Economizer
Power
Source

See Appendix C
X





SHP

SHP

CHP
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Appendix F
Thermostat Set Point Template

Thermostat
Cooling DB
Heating DB
RH
Cooling Driftpoint
Heating Driftpoint

°F
75
70
50%
77
68
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Appendix G
Model Setup

Adjacent Buildings Causing Shading

Example Takeoff for a Typical Floor Plan
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Appendix H

Double Skin Façade Model Setup

Location of Double Skin Facade
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Appendix I

Building Envelope
Wall Assembly

Optimized Double Skin Façade Envelope Construction

Single Skin Facade

64

Roof Design

Green Roof Design

Green Roof Calculations
PVC Membrane
Gypsum Board

Insulation
4” Concrete Slab on
Metal Deck

Tower Roof Design

Tower Roof Calculations
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Window Specifications

VT = 62% Glass Specifications

VT = 72% Glass Specifications
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Appendix J

Double Skin Façade Ventilation System

Relief Air Ductwork – Purple Ductwork Leading to Facade

Options for Double Skin
Façade Airflow
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The air flow to the double skin façade works in different modes:
•

Heating season if Toa is less than 15oF, the air is first preheated before going through the total
heat exchanger. This ensures that the coils in the heat exchanger would not freeze. When Toa is
from 25oF to 55oF a portion of the outside air bypasses the heat exchanger to maintain 55oF
Supply Air Temp.

•

For TOA from 55oF of to 75oF all outside air bypasses the heat exchanger and is cooled as
necessary.

•

For TOA above 75oF all of the outside air goes through the heat exchanger, is mixed with return
air, and then cooled before being supplied.
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Appendix K

Double Skin Façade Weather File
There are three building “conditions” that will majorly effect the temperature in the double skin
façade as can be seen by the following calculations. The conditions are as follows:
•

Heating season will cause a change in the volume of air that goes through the heat
exchanger due to the need to obtain a 55 °F supply air temperature to the mechanical
system. This temperature is maintained by running a portion of the relief air through the
heat exchanger with an effectiveness that varies linearly with the CFM that is run through
it. (This assumption on the effectiveness of the heat exchanger was provided by faculty
knowledgeable in the subject.) Any additional air not required to uphold the 55°F supply
air temperature bypasses the heat exchanger and is sent directly into the double skin
façade.

•

During economizer mode, the relief air completely bypasses the heat exchanger and is
sent directly into the façade at the relief air condition.

•

Cooling season utilizes all of the 79,000 CFM in the heat recovery system and therefor
maintains a heat exchanger effectiveness of 66%.
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Appendix L

Double Skin Façade Condensation Calculation
Due to the differences in temperature on the panes of the exterior layer of glass, condensation
became a concern. By determining the interior glass temperature and the dew point of the double skin
façade environment, it was determined that there would be condensation on the glass for approximately
1233 hours in a year. This comes out to approximately 14% of the year. These calculations were
completed by hand and through the use of a psych chart to find the dew point for the glass.
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Appendix M

Combined Heat and Power System

When laying out the central plant, additional
room was left to allow for future expansion of the
Children’s Hospital Central Plant. The layout left
additional room for chillers and microturbines that can
be added at a later time. The generators were also left at
the end of the plant to allow for easier access to the
backup diesel stored on site.
Combined heat and power is a method
used to create electricity for a building in a way
that allows for utilization of the heat that is given
off during the creation of the electricity.
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CHP Calculations Spreadsheet Example

Units
Fuel Consumption

C800S

C1000S

[BTU/hr] 8,800,000 11,000,000

Electrical Power Out

[kW]

760

950

Steam Production (9 psig)

[Lb/hr]

3,000

3,300

Electrical Efficiency

[%]

31

31

Recoverable Thermal Efficiency

[%]

39

34

Total Efficiency

[%]

70

65

CHP System Specifications
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Appendix N

Literature Review
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Subject: Double Skin Façade
Title: Modeling and Simulation of a Double-Skin Façade System
Authors: Jen Hensen
Year Published: 2002
Publication: ASHRAE (Conference Paper)
Summary:
The paper went into different ways to model a double skin façade for a building and the metrics
that should be looked at to decide whether or not to use the design. The basis for this model was the use
of a double skin façade with shading devices in the cavity rather than in the building. In order to properly
predict the performance of the design, the building needs to be modeled and simulated in a software,
calibrated, run for a suitable length of time with correct weather conditions, and then analyzed. There are
two strategies for determining the airflow in the façade cavity and the effectiveness. Computation fluid
dynamics can be used as a rigorous modeling method. Another method is the network method where the
HVAC system is represented as a network of nodes for the rooms, systems, and the distributed flow path.
This method results in equations that can be integrated overtime to characterize the flow domain. The
network method is a much quicker way to model and is a much more mature modeling system in terms of
use in the industry. It does well because it can be used for multizone buildings, multiple fluids, and
multicomponent buildings. The number of nodes are considerably less than those needed for CFD. Lastly,
energy conservation formulas are able to be applied as airflow networks and thermal networks can be
related to each other. However, CFD can provide more details on the nature of the flow field, but is still
undergoing development as a software. Also, the network approach often still has a CFD component to it.
Most pressure flow relationships are based on turbulent flow experiments for ductwork and piping, but
the geometry and airflow in the façade is very different and has different loss coefficients. Additionally,
buildings tend to have a different “microclimate” than the general surrounding area, so wind velocity,
temperature, and other factors may be different for the building as compared to local weather information.
The actual experiment was done by having a control building without a double skin façade and three
double skin façades with different operating/weather conditions. The experiment determined that a double
skin façade can reduce the solar cooling sensible load by 7%. The savings comes from the reduced solar
load from the outside pane of glass and the blinds in the cavity which reduces the solar load.
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Subject: Double Skin Façade
Title: Building Simulation as an Assisting Tool in Decision Making Case Study: With or Without
a Double-Skin Façade?
Authors: R. Hoseggen, B.J. Wachenfeldt, S.O. Hanssen
Year Published: 2007
Publication: Energy and Buildings
Summary:
The document was written to explore how to simulate a double skin façade, the advantages that
the façade creates, and two ways that the façade can be designed to improve energy use. First, the
document discusses reasons for a double skin façade stating that it can be chosen for both architectural
and engineering reasons. The façade gives the building a “homogenous façade expression” while also
aiding in the thermal performance of a building. The façade can be used to reduce heating demand by
being a thermal buffer or can help by pre-heating the ventilation air for a building. Secondly, the second
façade can help to protect solar shading devices from the elements which additionally helps thermal
comfort of the building. Some of the negatives of a double skin façade, however, include that the
investment costs can be 60-80% higher for a double skin versus a traditional façade. The extra layer of
glass often reduces daylighting and illumination indoors, and there is a risk of overheating the façade
which could lead to higher cooling loads for the building. Overall, there is much debate on whether a
double skin façade is worth the cost and there are very few simulations and measurements that have been
developed for either side of the argument. Till Pasquay has completed a study on 3 buildings with double
skin façades in Germany and concluded that the façade idea was not suited to every building in every
location, but that each building needed to be evaluated separately and that the design of the double skin
needed to be chosen specifically for each structure. However, “guidelines and recommendations for
modeling double skin façades are practically non-existent,” making it difficult to model an already
complex system that involves thermal interactions between the building and the second skin. The study
that is discussed in this paper decided to model the whole building using ESP-r which is capable of
modeling energy and fluid flows between the building and the system that is controlling the façade air
movement. Assumptions made for the model included simplification of shapes, controls, and solar
obstructions for the building. The study looked at four different versions of the building façade including
two double skin versions (one with ventilation pre-heating and one with only a double skin) and two
single skin versions (a baseline building and a building with improved windows). It was determined that
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the single skin façade with improved window U-values had the lowest heating energy demand during the
winter months, but that the double skin façades performed better during the transitional months in which
case alternative 1 (used for preheating ventilation air) had the lowest overall heating energy demand.
Overheating in the space is also less prominent with the double skin façade models. However, these
energy improvements are around 16% and it was found that this same reduction in energy could be
equated with the yearly energy use of the building with improved U-values of the existing windows. This
is a much less expensive option to improve the energy use of the building. In conclusion, the document
could not recommend the double skin façade due to just the energy savings because of the high initial
investment cost.
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Subject: Double Skin Façade
Title: Double Skin Façades
Authors: Kurt Roth
Year Published: 2007
Publication: ASHRAE Journal
Summary:
The article was a brief summary on the emerging technology of double skin façades. In general
the façades are used for buildings that have a low percentage of opaque surfaces in order to help combat
the solar loads of the envelope. The façade can be mechanically or naturally ventilated and is usually
constructed so that the external layer is some kind of safety glass and the interior layer is single or double
pane glass. They are generally used for multistory buildings on the direction that receives the most sun. A
shading device is also common in the cavity of the double skin façade. The device can be closed during
the cooling season to reduce the solar radiation entering a building, opened during the day in heating
season to let solar gains in, and closed during the night of heating season to reduce the amount of heat that
leaves the building. Problems with double skin façades include the fact that by adding another level of
glazing, the window decreases in visible transmittance which may cause more energy to be used for the
building lighting system. Another issue is a general lack of simulations and real world data on double skin
façade buildings. Additionally, some of the previous double skin façade buildings were constructed in
“suboptimal” climates for this type of design in that they were constructed in areas that are less sunny and
are more heating-dominated. However, there was a double skin façade that was constructed in Colorado
where the façade was actually able to reduce the building’s heating and cooling loads by half. When
modeling a double skin façade there are many factors that are involved including “glazing thermal and
optical performance, natural and forced cavity convection flows, adjacent perimeter zone space
conditioning loads, operation and characteristics of shades and blinds, daylight transmission to perimeter
spaces, dynamic variations in wind speeds, and framing system thermal performance.” Overall, there are
many factors that go into analyzing a double skin façade and very little information on how to accurately
model them. Other factors to consider are fire concerns in the façade and higher temperatures in the upper
portion of the façade. However, the façade can reduce outdoor noise from entering the building. The
biggest barriers to implementing a double skin façade, however, are often that it involves a high initial
cost, much is required for the design, and there is uncertainty that surrounds its performance. Often the
double skin façade is used more on buildings as iconic imagery rather than for its thermal properties.
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Subject: Double Skin Façade
Title: Ventilating Façades
Authors: Ray Sinclair, Duncan Phillips, Vadim Mezhibovski
Year Published: 2009
Publication: ASHRAE Journal
Summary:
The article discusses several decisions that have to be made to design a double skin façade as well
as the advantages and disadvantages. Advantages include greater daylighting with a high performing
envelope. However, the downfall includes increase in design of the façade and increased maintenance and
construction costs. In order to determine the usefulness of a double skin façade, a full analysis must first
be conducted on the building including the thermal performance of the façade. This should include an
analysis of a full range of climatic conditions that represent a full year of weather. Decisions that need to
be made prior to modeling are the geometric parameters, glass selection, ventilation strategies, shading,
and the control strategies for the façade. With the geometry a depth must be designed that can be based
off of shading devices, access to the cavity, and aesthetics. The basic construction of a mechanically
ventilated façade is usually to have a double pane system on the exterior and a single pain on the interior.
During modeling the airflow should be designed so that the ventilation rate can help to lower the
temperature of the façade, but in a way that does not use an excessive amount of fan energy. These
airflow rates should vary according to weather conditions and time of day in order to get the best results
for energy performance. The complexity of the modeling comes from the conductive interactions, the
convective processes, and the radiation going into and through the façade. Overall benefits of the system
are the lowered peak load and smaller equipment, a possible reduction in floor to floor heights if duct
sizes can be reduced, reduced cooling demand with effective daylighting, increased thermal comfort,
improved aesthetics, and improved sound isolation. Disadvantages are that if the system and controls are
poorly designed then it can lead to excessive thermal gains in the building, it can be a potential fire hazard
if open to all floors, and depending on the climate of the area, condensation may be an issue on the glass
for the building. A study was conducted on the Pearl River Tower in Guangzhou, China as to the double
skin façade. Some of the important studies conducted include the energy saved from using blinds, the
temperature of the glass and cavity throughout the day, the change in required airflow, and the gains in
the room with and without the double skin façade. The blind study conducted revealed that there were
almost twice the solar gain entering the room without blinds. The study that included flow and
temperatures for the room and glass revealed the efficiency of changing the airflow throughout the day in
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terms of cost and energy efficiency. Lastly, the study for a double skin façade building versus a single
façade revealed a 22% reduction in peak load with the use of a double skin.
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Subject: Double Skin Façade
Title: Perspectives of Double Skin Façade Systems in Buildings and Energy Saving
Authors: M.A. Shameri, M.A. Alghoul, K. Sopian, M. Fauzi, M. Zain, Omkalthum Elayeb
Year Published: 2010
Publication: Science Direct
Summary:
The following summary contains research that relates to concerns and considerations that pertain
to the design of a double skin façade. The topics included in the article are ventilation, daylighting,
performance and effects, simulation/modeling/experiments, shading devices, solar photovoltaic, glass
selection, smoke, cavity depth, and wind pressure on a DSF. The basis for a double skin façade is that it is
able to reduce the heating and cooling loads of a building while still maintaining the daylighting for the
facility. However, disadvantages include the cost of the assembly as well as the fact that there is very little
research and information for a double skin façade as it is not a common envelope design for a building.
A double skin façade is defined by the creation of an assembly that contains an interior glazing
unit, an air cavity, and an exterior glazing unit. Often the interior is a double pane unit while the outside is
a single pane laminated system. The air cavity is ventilated either naturally, mechanically, or as a hybrid
of the two in order to reduce overheating in the cavity during the cooling season. The double skin is used
over multiple levels of a building’s façade and due to its assembly, can help mitigate the problem of noise
entering the building from the exterior.
One of the first design aspects of the double skin that should be addressed is whether or not the
assembly will be naturally or mechanically ventilated. Natural ventilation can be achieved through a
chimney effect in the air cavity drawing the hotter air through the cavity due to the hot air exiting at the
top of the façade. Mechanically ventilating the façade is done by pushing or pulling air through the cavity
by means of a mechanical system. It was found that a double skin façade could save up to 12% of a
buildings energy when it was applied to the façade of a building in a Mediterranean climate. Another
study found that the façade was most effective when used on a west facing façade over an east facing
façade due to the irradiance that the west façade received during the day.
The article goes on to explore the daylighting effects of a double skin façade in terms of reducing
energy by being able to take advantage of the daylighting entering the space. By using photo sensors to
control the lights and a double skin façade that allowed more daylighting to enter the space, the building
was able to take advantage of the daylighting for a typical office building.
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The article continues to compare the effects of the double skin façade to conventional façades. A
study using EnergyPlus predicted a 3% energy savings when comparing a double skin façade to a single
skin façade with triple pane windows. It was also found that a single interior clear pane of glazing and
double pane reflective glazing exterior glass assembly for a double skin façade was able to save 26%
cooling energy when compared to a single façade with single absorptive glazing.
Studies were also completed to better understand how to model a double skin façade. Many
methods are listed for analyzing a naturally ventilated double skin façade. However, when it comes to all
double skin façades, it is still found that it is best to use a spectral optical model and CFD analysis to
simulate the effects of a double skin façade. A double skin façade should also be treated as part of the
total building system when looking into a load analysis.
Shading devices are typically used in a double skin façade. Most often they are included in the
cavity of the double skin. However, when selecting these devices, it must be considered how this will
affect the air flow in the cavity. This also applies to grates and any other solid devices that are included in
the cavity.
Solar photovoltaics are listed as a great way to create electrical and possibly thermal energy from
the façade. They can be integrated into the double skins assembly and become part of the façade design.
When it comes to selecting the glass for the double skin assembly, it is suggested that a spectral
optical model is used with a CFD model that will allow for convection, conduction and radiation in the
façade for which to be accounted. This will allow for the optimization of the assembly in terms of
reducing a buildings’ load.
A concern when it comes to double skin façades is the idea of smoke protection within the cavity
and reducing the spread of flames in the case of a fire event. One suggestion is to use different panels for
the inner and outer glass assemblies in order to reduce the spread of flames into the building if the glass
were to heat and break. Another suggestion is to use a natural ventilation system that will help to pull the
smoke from the cavity as to prevent the spread of the particles to other floors.
Cavity depth is not a simple matter or rule of thumb. The final depth must be determined based
on aesthetics, shading devices, maintenance requirements, ventilation strategies, and optimized flow rates.
Finally, wind pressures on the façade must be analyzed as to account for the forces on the glass
façade. Because there is airflow on both sides of the exterior piece of glass, it is important to calculate the
effects of the wind pressure from the air movement on both sides of the glass.
Overall, the double skin façade is a great idea in terms of energy efficiency and lowering the
loads for a building. However, there is a large price tag that accompanies the assembly that will play a
role into whether or not it is financially possible to apply the double skin façade strategies.
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Subject: Double Skin Façade
Title: Thermal Insulation of Buildings with Double-Skin Façades
Authors: H. Manz, Th. Frank
Year Published: 2005
Publication: Science Direct
Summary:
The article discusses what we understand about the new design of a double skin façade in terms
of energy use and what we are still learning. The publication states that due to the complexity of the
double skin, it is best to use three models in combination to create the most realistic results. These models
are spectral optical models, computational fluid dynamic models, and building energy simulation models.
While double skin façades are more sustainable in the way that they deal with loads, they are very
complex in terms of issues such as thermal comfort, how the façade interacts with cooling/heating loads,
ventilation, acoustics, and the fire protection requirements for the space. While the façade is often chosen
for its sustainability and aesthetics, it is still an up and coming option that is difficult to model correctly
and create an accurate understanding of how it will interact with the building.
The article continues exploring the location of the façade and states that west walls are often very
critical in terms of load when the façade is highly glazed. This is due to the fact that the outdoor air
temperature peaks at the same time as the solar irradiance peak in the summer. Therefor it is highly
beneficial to have a double skin façade on west facing façades. The article goes on to state that the actual
thermal behavior of the façade is highly dependent on the climate in the double skin including the speed
of the air that is running through the cavity and the pattern of the flow. This means that any sort of
temperature change, boundary conditions, or objects installed in the façade can cause changes to the
properties of the assembly. It is because of these changes in the double skin due to air flow that a CFD
model should be used to determine the properties of the façade cavity.
For the energy model, the article states that it is best to use one that has an integral approach that
can simultaneously process loads. This way it can understand if one load is counteracted by another in
terms of total building load. The three models will eventually need to be coupled in a way that allows for
the calculated absorptances of glass and shading devices to be linked to the energy model to find energy
consumed. This model then needs to be related to a CFD model to show the different levels of flow and
temperature distribution in the model. This then becomes an iterative process that allows for the creation
of conditions to be found for the double skin façade. For each model there must be all basic properties of
an energy model including materials, geometry, and weather for the area.
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In the end the coupling of the three models should create the most accurate results in terms of
what a double skin will actually do in terms of improving the heating and cooling loads of a building.
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Subject: Combined Heat and Power
Title: Cogeneration Systems: Balancing the Heat-Power Ratio
Authors: Ainul Abedin
Year Published: 2003
Publication: ASHRAE Journal
Summary:
The ASHRAE Journal article discusses methods by which CHP can be more efficient for
buildings based on setups that can better adapt to different heat/power ratios. The idea of combined heat
and power is to meet the thermal load of a building by using the waste heat that is developed through the
creation of electricity. Any excess electricity created can be sold back to the grid, but the generated
thermal energy needs to be used up on site and so it generally controls the overall size of the CHP system.
The article had 4 different methods by which to vary the heat/power ratio in order to create the most
efficient system setup. Method 1 was the “Gas Turbine and Gas Engine Generator” method in which the
design would use a low efficiency gas (high heat-power ratio) turbine paired with a high efficiency (low
heat-power ratio) gas engine. By pairing the two generation systems together you could use the high heatpower ratio of the turbine and the low heat-power ratio of the engine to create a wider range of possible
heat-power ratios for the system. Method 2 goes over the idea of using “Hybrid Chillers” to balance the
heat-power ratios. The chillers would be able to work as either an absorption chiller or run off of the
electricity created by the CHP system. During times of low electricity use, the chiller would operate off of
electricity to help create a more balanced ratio of electricity to thermal output. Then during times of high
electricity use the chiller can use the thermal energy created in order to balance out the ratio. Method 3 is
to use “Thermal Energy Storage.” The idea is that while it is difficult to store the electrical energy on site,
there is the possibility of using large tanks to store the thermal energy. This can be done by either storing
the low temperature hot water that has been created through the cogeneration process or storing the
chilled water that has gone through the absorption chillers. The last method to balance the heat-power
ratios is to use “Gas Turbine Inlet Cooling.” The basic idea is to use varying inlet air temperatures in
order to increase or decrease the efficiency of the cogeneration depending on the current electrical and
thermal demand. By using a colder inlet air temperature the system becomes efficient from an electrical
stand point in that it creates a lower heat-power ratio. This is a great option for the summer as it will
create a higher electrical output and lower thermal output for the system. By increasing the temperature of
the inlet air it creates a higher heat-power ratio which will increase the thermal output of the system.
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Subject: Combined Heat and Power
Title: Texas Hospital Central Plant Redesign
Authors: Bruce L. Flaniken
Year Published: 2014
Publication: ASHRAE Journal
Summary:
Combined heat and power systems are common as a hospital’s central plant power source. For the
Houston Methodist Hospital in Texas, the central plant was not originally designed with a combined heat
and power system, but chose to upgrade to the system during a renovation. The hospital needed to expand
its existing central utility plant. With this expansion they wanted to maintain “patient care and research
demands while reducing dependence on the local power grid.” Problems that were relevant to this review
included the fact that the steam-driven chiller that they had in place had auxiliary equipment that was not
connected to standby power. This in combination with a few deficiencies for other chillers and equipment
meant that the hospital was not prepared to provide emergency cooling as was necessary to care for
patients during major storms and hurricanes. After the installation of the 4.3 MW “cogeneration turbine
with duct burner and high-pressure steam thermal energy recovery,” HMH became the only hospital on
the Texas Gulf Coast that could operate during power outages caused by hurricanes. The CHP now
addresses the standby power and emergency cooling capabilities that were of concern for the hospital as
the overall central system can now produce 6800 tons of emergency cooling in cogeneration island mode.
2800 tons of this cooling is created from free steam from the CHP system. With the thermal efficiency of
the plant increasing to 88% there was an estimated $1 million in estimated energy savings which helped
to offset the cost for the system upgrade and maintain a payback period of 3 to 4 years. The system was
also well utilized as it was able to run for ~92.2% of the year. Between Feb. 2011 and Jan. 2012 there
was a combined annual net savings of $1.8 million between the electrical and thermal energy savings.
This actually reduced the estimated payback period for the system to 2.16 years. The CHP system will
also help to reduce emissions that are generally created due to electrical and thermal needs. NOx will be
reduced by 71% per year, SO2 will be reduced by 100% per year, and CO2 will be reduced by 28% a year
due to the use of a gas turbine generator CHP that uses an aqueous ammonia SCR and the best available
control technologies. A continuous emissions monitoring system has also been installed and that coupled
with an upgraded BAS will be used to increase automation and optimization of the CHP system. A few of
the lessons learned from the hospital were that by base loading the CHP electrical generation capacity the
hospital was able to save on interconnectivity fees with the local utilities. Another lesson is that looking
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back they wish that they would have installed a turbine inlet chilled water cooling coil to reduce the
entering air temperature for the inlet. By being able to reduce the entering air temperature for the system
there is the possibility of increased efficiency for the system as colder air results in a lower heat-power
ratio for the system. Especially with Texas’ climate, it would have helped the system run at maximum
efficiency year round. To install this system after the fact would cost $1 million as compared to $750,000
if the cooling coil had been designed into the system before installation.
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Subject: Combined Heat and Power
Title: Combined Heat and Power: Enabling Resilient Energy Infrastructure for Critical Facilities
Authors: ICF International
Year Published: 2013
Publication: ICF Publication for Oak Ridge National Laboratory
Summary:
This document discusses the idea of increased resiliency when using a CHP system for a building.
By using CHP a building is able to run without interruption to the electric or thermal service during
emergencies and natural disasters. CHP is often used as the main source of thermal and electrical energy
for a building and can be backed up by the grid in the case of peak electrical use, maintenance, or natural
disasters. The system is also sought after due its reliability and resiliency during storms versus a backup
generator. This is due to the fact that the system is more likely to be maintained and correctly operated if
it is run on a regular basis rather than if it is only run in the case of emergencies. In the design of
hospitals, a backup generator is still necessary even if a CHP system is in use, but CHP still has
advantages when installed. The first reason listed is the reliability of CHP that is consistently used versus
a generator that is only used for emergencies and may fail. It is said that this is due to the fact that “CHP
system that runs consistently throughout the year is more reliable in an emergency than a backup
generator system that only runs during emergencies.” Another reason is that CHP has a permanent source
of fuel through natural gas pipelines that rarely fail during storms as compared to generators that only
have a specific amount of fuel stored and so are only able to run for a set amount of time. CHP if properly
sized can continue to run the whole building after a grid failure where as a generator is generally just for
emergency loads. CHP is also less polluting to the environment than a generator that runs off of diesel.
And finally CHP systems are able to provide for the thermal and electrical loads for the building and can
run at 80% fuel efficiency whereas generators will only help to supply the electrical needs and are closer
to 45% fuel efficient.
For an overall picture of resiliency, CHP can improve the grid from the standpoint of insulating
themselves from grid failures so that other users can be reinstalled on the grid while the CHP plant is still
able to provide a continuity of services. In order to provide this back up however, the CHP system needs
to have black start capabilities so that it can start up independently of the grid. Its generators also need to
be able to run independently of the grid. It should be able to meet the critical loads of the building, and
lastly the system needs to be able to connect to the grid and disconnect to go into island mode when
needed.
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In terms of hospitals specifically, there were four examples that discussed the use of CHP during
natural disaster Super Storm Sandy and during the northeast blackout of 2003. The article stated that
during the blackout, half of New York City’s 58 hospitals experienced a failure of their backup generators
and were forced to evacuate patients to other medical centers to continue receiving care. In general, the
other hospitals that the patients were evacuated to were operating on CHP systems. In the case of Super
Storm Sandy, the South Oaks Hospital in Amityville, NY was able to provide critical services for two
weeks based solely off of their CHP system. They were even able to admit other patients and store
refrigerated medicines for other hospitals that no longer had power. Another example from that same
natural disaster is the Greenwich Hospital in Greenwich, CT. During the storm the hospital lost power for
only 7 seconds until the backup generators kicked in. The generators were only used until the CHP shut
down and was able to start up again in island mode. After the initial startup, the CHP system was able to
run the hospital with normal operation until the end of the storm. The Christian Health Care Center in
Wyckoff, NJ only suffered a momentary loss of power until the micro turbine and generator system was
able to start. There was no resident transfer from the facility and the system was able to run for 97 hours
and met the buildings thermal and electrical needs.
Lastly, there are even some states that are beginning to require that “critical government
facilities” undergo a feasibility study for CHP before updating and renovating said buildings. Texas and
Louisiana are both hoping to encourage more facilities such as hospitals to operate with CHP systems.
This will help to keep the facility working during an emergency in the area.

90
Subject: Combined Heat and Power
Title: A Comparison of Combine Heat and Power Feasibility Models
Authors: L.R. Hinojosa, A.R. Day, G.G. Maidment, C. Dunham, P. Kirk
Year Published: 2005
Publication: Applied Thermal Engineering
Summary:
The document was written to review four different types of CHP feasibility models and the
variables that are involved in each. The article is from the UK and so some of the software does not apply
to our current research, but it gives a good overview of different variables that should be considered when
working through a CHP feasibility model. CHP is often useful due to its high efficiency, ability to
minimize distribution losses, and lower energy consumption that cuts down on CO2 emissions. The
document started by going over what exactly should be included in a feasibility study. This included
“assessing the economic range of CHP sizes, the overall unit performance, the maintenance costs, the
control strategy, the possible changes in fuel and electricity prices and the site demands.” The main
software characteristics that should be explored in a CHP feasibility software are “flexibility, accuracy,
transparency, and reliability.” System definition was the first section that discussed demand profiles and
compared hourly, monthly, or seasonally variable profiles and what should be used for different levels of
accuracy. It also discussed the way in which the system would be sized as to whether it would be for the
electrical profile or the thermal profile. The next section was about fuel and technology for CHP. Factors
in choosing a fuel are “quality of fuel, availability, cost, and delivery to the site.” The actual selection of
the CHP system can come down to “amount of power needed, quality of heat, the duty cycle, space
constraints, thermal needs, emission regulations, utility prices, and interconnection issues.” The next
section covers the economic and financial aspects that should be covered in a feasibility study. This
includes any exemptions, renewable credits, and other rebates for the system. The economic section also
includes the installation costs including the actual CHP unit, other equipment, civil, mechanical, and
electrical work, fuel supply system, and permission/project development costs. To run the cost analysis
inflation, discount rates, depreciation, loans, grants, etc. should also be included. The article then takes an
in-depth look at the SEA/RENUE Model, CHP Sizer 2, Ready Reckoner 3.1, and EnergyPro 3.2 as
different ways to size CHP systems. It goes through the different types of inputs that are included for each
program. It also goes over the variability in program results by creating a fictitious load profile and using
the programs to test what kind of results can be found using the different softwares. In the end it
summarizes pros and cons of each software and the difficulty of use as compared to the level of accuracy
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of each software. The article talks briefly in the conclusion about the use of a user defined excel
spreadsheet as another CHP sizing software and how it can be the most “transparent” to the user, but
creates a high risk for miscalculations.
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Subject: Energy Modeling
Title: Overview of HVAC System Simulation
Authors: Marija Trčka, Jan L.M. Hensen
Year Published: 2009
Publication: Science Direct
Summary:
The article is a brief overview of how to select the complexity of a building performance
simulation tool for HVAC in a way that balances the amount of error that may occur along with the
complexity and time that the model will take to construct. The article recognizes four generations of these
simulations starting with the first generation that utilized simplified calculations based on formulas to find
the building performance. The second generation were tools that modeled simplified dynamic building
models to analyze the performance. The third generation used numerical methods and integrated the
building systems, envelope, etc. to get a better sense of the performance. The most recent addition is the
fourth generation of software that is able to integrate the building including different performance aspects
and interfaces to create the most accurate set of building analytics.
The tools that can be utilized include pipe/duct sizing tools, equipment sizing and selection tools,
energy performance analysis, system optimization tools, and tools for control analytics and optimization.
Included in the tools for energy analysis and equipment selection/sizing are TRANE Trace. These tools
are based on standard procedures and algorithms defined by ASHRAE as well as equations and thermal
performance variables for the envelope and controls and operation strategies for the systems. These
simulations can be used for reasons such as commissioning diagnostics, monitoring diagnostics,
understanding the response of a building from an HVAC system, and simulating a control sequence.
When actually creating these models, a majority of them are created to be continuous in state,
discrete in time, deterministic, varying by time, considered for both steady state and dynamic conditions,
and a forward model that uses known parameters and changing inputs to predict the outcome of the
model.
Within these models, there are five ways to represent the model. The first is as a “pure conceptual
model” that represents only a room with the primary and secondary system idealized for the system. Then
there is “system based modeling” that consists of preconfigured systems that have predefined variables
that can be changed when sizing a system to create a system that is close to the actual idea and then sized
according to the model. Next is the “component based system” where the user defines the system by
specifying the interconnected pieces to form the model. There is a “component based multi-domain”
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system approach where the whole system components are simulated and solved for simultaneously using
an integrative process. Lastly, there is an “equation based” modeling system that uses basic equations that
are considered smaller than a component to model the physical process for the systems.
These models can then be either “sequentially coupled” or “fully integrated” meaning that the
model does not receive feedback when undergoing analysis or the deficiencies can be calculated during
the analysis.
Finally, the article discusses issues and ideas that pertain to choosing the level of complexity for a
model. The idea is that for load predictions a lower complexity software can be used. However, if
determining HVAC alternatives and system controls for efficiency, a higher resolution model is usually
required.
Overall, the better and more complex models have more information involved in their creation,
but also have a higher likelihood of error in their data. This comes from the compounding of abstraction
error, input data error, and numerical error. When the complexity of a model increases the predictive
uncertainty increases due to the increase in parameters. However, bias for the model will decrease as the
complexities increases. The article stresses finding the perfect cross of predictive error and bias error to
create the most accurate model.
The report recommends using a model of “the lowest complexity while preserving its validity for
the intended simulation objective.” This is done by having the stakeholders define the simulations
objective and creating an acceptable range for error in the model to create a basis for the model
complexity required.
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Subject: Energy Modeling
Title: A Review on the Prediction of Building Energy Consumption
Authors: Hai-xiang Zhao, Frédéric Magoulès
Year Published: 2012
Publication: Renewable and Sustainable Energy Reviews
Summary:
The article looks into the different types of modeling that can be used to predict building loads
and the energy use of a building in terms of the total building and for sub-level components. Most often
these models are based on data including outside weather conditions, the construction of the building,
internal loads, occupancies, etc. Precise predictions are very hard to complete for buildings and so the
following models are evaluated for their prediction of a buildings loads and energy use. This includes the
methods of engineering, statistical, and artificial intelligence.
The first type of modeling is the engineering method that uses properties of the model to calculate
the behavior of the building. This type of model uses the exact material properties and thermal dynamic
principles to calculate the buildings parameters. Software’s such as TRANE Trace can be used in this
type of modeling. These software’s can be highly accurate, but only if the correct parameters are put into
the system. The issue being that these parameters are not always known. Additional methods under the
engineering umbrella include the degree day method that can estimate loads for small buildings where the
envelope load is the dominant factor. The bin frequency method can also be used where internal loads are
dominant. Weather conditions play a role in all of the engineering energy models.
Another way of predicting the loads within the building is by using a statistical method. The
statistical method uses historical data that has been collected and then correlated with variables such as
weather by using a regression model. After the index is set up, the loads or energy use for a building can
be easily predicted based on the correlation that was previously found. Outdoor air temperature is a
common parameter used in these building energy correlations.
The next type of prediction discussed is that of a neural network. The basis for this type of energy
model is an artificial intelligence that is able to be trained by using data found for multiple facilities. This
network can then be tested on specific buildings or campuses to determine what the total energy use is
based on simple input parameters such as outdoor temperature and time stamps. The model is said to be
good for “solving non-linear problems” for “complex applications.” By training the model with
measurements, surveys, and available information, it is possible for the model to make accurate
predictions based on very little input data.
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Support vector machines are also a type of model that can accurately predict the monthly and
hourly energy use of a building based on very little training information. Again, this model is often used
for solving non-linear problems. The model can be accurate, but does require training data to improve the
accuracy.
Grey models are the last set of prediction tools discussed in the article. A grey model is used
when the data is incomplete and can often be coupled with a regression model in order to improve its
accuracy. However, there has been very little research conducted on this type of model.
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Subject: Energy Modeling
Title: La Jolla Commons II Office Tower
Authors:
Year Published: 2014
Publication: ASHRAE (High Performance Building Conference)
Summary:
The document describes how the design team was able to use IES to model the HVAC system for
the La Jolla Commons II Office Tower. The system employed was a single-fan, dual-path HVAC unit
with overhead and under floor supply. The designers were able to model the air distribution system in
detail including the airflow paths, functionality, and controls associated with the design. The internal
loads for each space were input into the system and with the addition of the advanced solar load
calculation it allowed the software to accurately model the thermal gains and losses for each room.

Subject: Energy Modeling
Title: ASHRAE LowDown Showdown (Team IES)
Authors:
Year Published: 2015
Publication: IES
Summary:
For the ASHRAE LowDown Showdown a team was instructed to use IES to make a net zero
building. By using this software the team was able to study 25-30 energy conservation measures
including “daylight harvesting control; natural ventilation with exposed thermal mass and automated
night-purge control; an air-to-water heat pump; energy star equipment; plug load schedules from metered
ZNE evangelists; fixed and dynamic solar shading; airside heat recovery wheel; IT server virtualization;
radiant floors for improved thermal comfort; an optimized electric lighting design; a high-performance
envelope with heat-mirror glazing and insulated panels.” The team was able to win the award for Best
Energy Use Results after using the IES software.
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Subject: Energy Modeling
Title: Central Park, Australia
Authors:
Year Published: 2014
Publication: IES
Summary:
This article is a summary of how IESVE was used to create a model of the Central Park
Development. The program was able to create accurate “buildings, façades, surface geometries,
components, shading devices, and room/zone configurations based off of architectural design data.” The
model was also populated with “material properties, HVAC system configurations and climate profiles.”
By using all of these details a very realistic model of the developments thermal demand was created. This
data was then used in the design for the thermal plant and the creation of a natural gas CHP system to
produce some of the electrical and thermal needs for the development.

Subject: Energy Modeling
Title: MCW Consultants, 717 Broadview Avenue (Toronto, Canada)
Authors:
Year Published: 2009
Publication: IES
Summary:
MCW Consultants were hired to create an energy model using IESVE software so that it could be
used as a tool to size and select the HVAC equipment. The following VE-Pro modules were used:
ModelIT, SunCast, ApacheSim, ApacheHVAC, Vista and Radiance. A whole-building model was
developed in detail and then used to run multiple iterations of the systems and design of the building.
MCW was targeting a 40% more energy efficient building than the Model National Energy Code for
Buildings. Brian Tysoe, a MCW Consultant, said that “The energy modeling effort was integrated with
the mechanical design process to facilitate an iterative design approach where energy consumption was a
critical design parameter.” By using IES and being able to run multiple iterations of the different design
options, the designers were able to achieve a 45% more energy efficient building with the final chosen
design.
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Subject: Energy Modeling
Title: Nutech Packaging Factory (India)
Authors:
Year Published: 2013
Publication: IES
Summary:
IESVE was used for the Nutech Packaging Factory in India to create detailed studies of the
daylighting of the building as well as to create an energy model study for the building. The goal of the
team was to create a sustainable building. They were able to achieve LEED Gold through their design.
IES was used to “model the various proposed design options to ensure the optimum, low energy
construction solution and building form” that would help to reach LEED Gold. They were able to model
the “fabric thermal performance” using ModelIt in IES. The main purpose of the model was to create a
highly efficient envelope for the building. IES was able to give results that made it easier to compare the
effectiveness of the different materials used for the walls, roof, and glass. The model also helped to
uncover that a glazing area of 40% was the most effective option for daylighting and reaching a required
lux for the office and factory spaces.
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