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JOURNAL OVERVIEW

The Perkins+Will Research Journal documents research relating to architectural and design practice. Architec-
tural design requires immense amounts of information for inspiration, creation and construction of buildings.
Considerations for sustainability, innovation and high-performance designs lead the way of our practice, where
research is an integral part of the process. The themes included in this journal illustrate types of projects

and inquiries undertaken at Perkins+Will and capture research questions, methodologies and results of these
inquiries.

The Perkins+Will Research Journal is a peer-reviewed research journal dedicated to documenting and present-
ing practice-related research associated with buildings and their environs. Original research articles, case
studies and guidelines have been incorporated into this publication. The unique aspect of this journal is that it
conveys practice-oriented research projects aimed at supporting our teams.

This is the fourth issue of the Perkins+Will Research Journal. We welcome contributions for future issues.

RESEARCH AT PERKINS+WILL

Research is systematic investigation into existing knowledge in order to discover or revise facts or add to
knowledge about a certain topic. In architectural design, we take an existing condition and improve upon it with
our design solutions. During the design process we constantly gather and evaluate information from different
sources and apply it in novel ways to solve our design problems, thus creating new information and knowledge.

An important part of the research process is documentation and communication. We are sharing combined ef-
forts and findings of Perkins+Will researchers and project teams within this journal.

Perkins+Will engages in the following areas of research:
o Market-sector related knowledge management
Sustainable design
Strategies for operational efficiency
Advanced building technology and building performance
Design process benchmarking
Carbon and energy analysis
Organizational behavior.
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EDITORIAL

This issue of Perkins+Will Research Journal includes five articles that focus on diverse topics, such as methods
for improving design decision-making through simulations and modeling of building performance indicators,
finding solutions for complex curtain wall systems, relationships between architectural planning of educational
facilities and different learning styles, guidelines for integration of energy analysis into architectural design
and lastly, design considerations for pool environments.

“Building Performance Predictions: How Simulations Can Improve Design Decisions” discusses relationships
between simulations, modeling and design decisions. The article focuses on the methods that can be used to
quantify building performance and predict various performance parameters. It presents relationships between
BIM and analysis software applications, outlining best practices for the integrated analysis-design process.

“Finding Facade Solutions for Complex Curtain Wall Systems: Shanghai Fisherman’s Wharf Iconic Tower”
explores different complex curtain wall systems that were investigated for this high-rise building. The article
reviews different two-dimensional curtain wall options (consisting of flat rectilinear unitized modules) and
three-dimensional (consisting of projected geometrical patterns). The article discusses visual design, technical
complexity and code restrictions that had an effect of the design as well as constructability issues.

“Students of Today and Tomorrow: Discovering How They Learn” explores different learning styles and how
organization of architectural spaces within educational facilities needs to adapt accordingly. The article
reviews different styles of learning that have been recognized and how these need to relate to programming and
spatial organization. It also includes an overview of the survey administered to high school students aiming to
understand relationships between student engagement and physical space and the role of technology in today’s
schools.

“Energy Modeling Guidance: Guidelines for Energy Analysis Integration into an Architectural Environment”
outlines how and when an energy analysis can be conducted and reviews guidelines for streamlined integration
into architectural design. It reviews what to expect in an energy modeling analysis as well as interpretation of
results, typical software applications, scope and timing and modeling methodology and parameters than need
to be considered.

“Design Considerations for Pool Environments: Cold Climates” discusses design elements and considerations
for natatoriums in cold climates focusing on exterior and interior environmental conditions, air quality and
movement, mechanical systems, building envelope design considerations and control of vapor migration. The
article reviews important design decisions that need to occur during the design process in relation to treat-
ment of the exterior building skin, management of internal environmental conditions, materials and selection of
interior finishes.

Ajla Aksamija, PhD, LEED AP BD+C, CDT
Kalpana Kuttaiah, Associate AIA, LEED AP BD+C
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Building Performance Predictions

BUILDING PERFORMANCE PREDICTIONS:

How Simulations Can Improve Design Decisions

A]la Aksamija, PhD, LEED AP BD+C, CDT, ajla.aksamija@perkinswill.com
Zaki Ma"aSI, PhD, LEED AP BD+C, zaki.mallasi@perkinswill.com

ABSTRACT

This article discusses relationships between building performance simulations and design decisions and how
building performance predictions can improve the design outcomes. The first part of the article discusses why
we need to quantify building performance and predict how a building as a whole or its components will func-
tion. Then, relationships between Building Information Modeling (BIM) and analysis software applications are
discussed, where best practices for developing BIM models that are suitable for different types of simulations are
discussed. Lastly, two case studies are used to illustrate this process. The first study reviews curtain wall energy
performance for a healthcare facility located in a mixed humid climate and daylighting analysis. The second case
study discusses comprehensive analysis for an academic research building focusing on site and orientation stud-
ies, solar exposure, investigation of performance of shading devices and daylighting analysis.

KEYWORDS: building envelope, energy efficiency, daylight, BIM, solar exposure

1.0 INTRODUCTION

Developments in information technology are providing
methods to improve current design practices, where
uncertainties about various design elements can be
simulated and studied from the initial starting point of
the design. Energy and thermal simulations, improved
design representations and enhanced collaboration us-
ing digital media are currently being utilized. In terms
of sustainable design practice, building performance
simulations are an integral part of the process since
they help in investigating design options!. Quantifiable
predictions can help in identifying strategies and meth-
ods to improve building energy efficiency and overall
building performance.

Methods for achieving extremely low-energy buildings
require use of passive design strategies, use of ad-
vanced building technologies and renewable energy
systems. Passive design strategies include shading,
response to building orientation and site, utilization
of thermal storage and natural ventilation and use of
daylight. Active design strategies include use of energy-

efficient building systems and advanced building tech-
nologies where appropriate, such as mixed-mode ven-
tilation, under-floor air distribution, dynamic windows
(electrochromic glass, suspended particle devices),
radiant heating and cooling and combined heat and
power systems. Figure 1 shows these design strategies
in relation to the overall cost. Passive strategies should
be utilized to its fullest extent since their cost is mini-
mal and their effect on energy efficiency is significant.
Advanced building technologies should be used to in-
crease energy efficiency measures when and where
applicable. Lastly, renewable energy should be used to
supplement energy demand with renewable sources,
such as wind power, photovoltaic systems and geother-
mal energy. Quantifiable predictions during the differ-
ent stages of design process help establish metrics that
can be used to measure improvements by using these
different types of strategies. It is important to note that
improvements in building efficiency that are obtained
through passive and active measures reduce the ener-
gy consumption thereby reducing the need for renew-
able energy systems.



Renewable
energy

Advanced building
technologies

/ Passive design strategies \

Figure 1: Design strategies for low and net zero energy buildings
in relation to cost.

This strategy is applicable for the design of low energy
buildings and currently is a viable approach for achiev-
ing net zero energy buildings, as it was found by a re-
cent study?. The study considered buildings contained
in the Commercial Buildings Energy Consumption Sur-
vey (CBECS) 2003 database, which includes energy
consumption data, energy sources, costs and building
characteristics for all US climate types®. Building types
in the CBECS database include educational facilities,
food sale and service facilities, healthcare, hotels, retail,
office spaces, public assembly, public order and safety,
religious buildings, service buildings and warehouses.
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Research method included prediction of lowest energy
usage for all of the building types in CBECS database by
modeling energy requirements. The study considered
currently available building technologies and projec-
tions of future improvements in building systems. Also,
the study considered inclusion of photovoltaic systems,
and the percentage of buildings that can meet zero
energy goals. It was found that 62 percent of current
commercial sector could reach net zero energy goals
by 2025. Figure 2 presents results of the study, repre-
sented by the number of buildings and floor area. These
following characteristics indicate scenarios that were in-
vestigated and energy-efficiency measures:

e  Base and photovoltaic system: examined current
commercial building stock by applying perfor-
mance criteria complying to ASHRAE Standard
90.1-2004 and photovoltaic system covering 50
percent of roof area for every building.

e |ow energy buildings: examined what can be
achieved when current practices are applied
(passive and advanced building technologies).

e |Low energy buildings 2025: predicted energy
savings of low energy buildings with higher com-
ponent performances reflecting advancements
in technology (increase in PV performance,
improvements in HVAC systems, reductions in
lighting power density).

e Low energy buildings 2025 and reduced lighting

u Floor area
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Low energy buildings
(passive strategies,
advanced building

technologies)

Base and PV systems

Low energy buildings
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Low energy buildings

Low energy buildings
2025 and reduced 2025 and reduced plug

lighting power density
by 75%

and process loads by
25%

Figure 2: Percentage of US commercial sector that can reach zero energy goals.



power density by 75 percent: similar to option
above with increased reduction of lighting power
density.

e Low energy buildings 2025 and reduced plug
and process loads by 25 percent: examined re-
duction in energy use by appliances and electri-
cal equipment compared to other models.

Therefore, understanding effects of design decisions
on building performance is crucial in achieving low and
zero energy buildings. The objectives of this article are
to illustrate how performance predictions and simula-
tions can assist in identifying strategies for reducing en-
ergy consumption and improving building performance
by rigorous analysis process. The first part of the article
discusses why we need quantifiable predictions, fol-
lowed by the discussion of climate-driven design strate-
gies. Then, relationships between Building Information
Modeling and analysis software are discussed, par-
ticularly focusing on the best practices for developing
models that are suitable for different types of simula-
tions and workflow between BIM and analysis software
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applications. Lastly, two case studies are discussed to
illustrate this process. The first study reviews curtain
wall energy performance for a healthcare facility located
in a mixed humid climate and daylighting analysis. The
second case study discusses comprehensive analysis
of an academic research building, focusing on solar ex-
posure studies based on building orientation, investiga-
tion of performance of shading devices and daylighting
analysis.

2.0 BACKGROUND AND LITERATURE ON BUILDING
PERFORMANCE ANALYSIS

2.1 Why Do We Need to Quantify Our Design

Decisions?
Past research on the utilization of simulation tools dur-
ing the architectural design process indicates that, de-
spite the increase in number of available tools in the last
decade, some architects and designers are finding it
difficult to use these tools since they are not compatible

Strongly agree

Neutral

Disagree

m What are typical climatic characteristics of the site?

® Based on the climate, what are appropriate passive ventilation/cooling strategies?

m How does the surrounding context influence shading and solar exposure?

® How can building form be designed and shaped to minimize solar exposure?

Figure 3a: Survey results rating importance of different questions during conceptual design phase.
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Strongly agree Meutral Disagree

mWhat types of shading devices (horizontal or vertical} work well based on building orienation and how to size them?
® How successful are different strategies for increasing daylight levels?

mWhat strategies can be implemented for energy-efficient building envelope design?

W How does the solar gain through windows influence occupants' thermal comfort?

mWhat are the strategies to improve thermal comfort?

mWhat are the strategies to minimize energy consumption of the building?

Figure 3b: Survey results rating importance of different questions during schematic design phase.

Strongly agree MNeutral Disagree

m'What are some of the strategies for improving daylight levels?

mHow do radiant cooling and heating systems influence thermal comfort?
m How do different occupants (age, gender) react to interior conditions?
m'What is the heat transfer coefficient of the building envelope?

m How is the thermal behavior of a wall assembly characterized?

®What are the most appropriate renewable energy sources, based on the cost, location and energy demand?

Figure 3c: Survey results rating importance of different questions during design development phase.



with the working methods and needs or the tools are
judged as complex and cumbersome® ®. To remain
competitive, design professionals must weigh the value
of information gained through simulation tools against
the invested time, resources and the value of compa-
rable information that might be gained through the use
of other or no tools®.

So, why do we need to use simulations in the first place?
Quantifiable predictions through simulations and mod-
eling can help in identifying strategies and methods to
improve building energy efficiency and building perfor-
mance. As it is shown in Figure 1, the objectives for at-
taining extremely low and zero energy buildings rely on
several strategies including the use of passive methods,
advanced building technologies and renewable energy
sources. Therefore, we need to quantify the benefits of
each individual methodology and relate them to a spe-
cific design problem, building, its climate and the con-
text. Quantifiable predictions during the different stages
of the design process help establish metrics that can be
used to measure improvements by using these different
strategies.

A survey has been conducted at two Perkins+Will offic-
es 1o investigate relative importance of typical questions
raised during the design process that can influence
building performance. The objective of the question-
naire was to assess applicability of analysis tools and
their relevance in helping address or answer these
questions. The survey instructed respondents to rate
the relative importance of each question on a 7-point
Likert scale indicating whether they agree or disagree
that this specific aspect is important during the spe-
cific design phase and whether analysis tools should be
used to establish specific metrics.

Figure 3a shows questions associated with the concep-
tual design phase (influences of climatic characteris-
tics, appropriate cooling strategies, surrounding context
and solar exposure and derivation of the building form
to minimize solar exposure). The majority of respon-
dents agree that these aspects are important for the
design and that analysis tools should be used to help
during the design process.

Figure 3b shows questions that are associated with the
schematic design phase (dimensioning and selection of
shading devices, methods for improving daylight levels,
strategies for designing energy efficient building enve-
lopes, effects of solar heat gain and strategies to mini-
mize overall building energy consumption). For these
questions, the majority of the respondents have indicat-
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ed that selection of shading devices and determination
of their typology (vertical versus horizontal types and
dimensions) and determination of strategies to mini-
mize overall energy consumption of the building are
very important. Strategies for designing energy efficient
building envelopes and methods for improving daylight
levels have also been identified as important parts of the
design. These aspects require quantifiable predictions
and simulations in order to have a significant impact on
the design rather than relying on rules-of-thumb.

Figure 3c shows responses and questions that are as-
sociated with the design development phase. The types
of questions focus on advanced methods for improving
daylight levels, thermal comfort and influence of radiant
cooling and heating systems, thermal behavior of exte-
rior building envelopes and selection of renewable en-
ergy sources. Reponses show that the most important
aspects are advanced methods for improving daylight,
strategies for improving occupants’ thermal comfort
and selection of appropriate renewable energy systems.
Again, all of these aspects require predictions through
simulations, especially in this stage since more informa-
tion about the design is available.

2.2 Climate-Driven Design and Impact of

Simulations

The starting point for the schematic design is site analy-
sis, where environmental factors are systematically ex-
amined. Typical information about environmental con-
ditions of the site includes topography, context, solar
orientation, climatic characteristics, surrounding struc-
tures and infrastructure’. Building orientation plays a
significant role in providing access to daylight as well as
solar exposure. Solar radiation introduces passive solar
heat gain, which can be advantageous in heating-dom-
inated climates and unfavorable in cooling-dominated.
While passive solar gain can be harnessed to decrease
heating demand in winter, gains during summer months
create the need for cooling.

In a climate-sensitive design approach, it is necessary
to account for local solar radiation, temperature, wind
and other climatic conditions. Different design strate-
gies are required for different climatic regions and basic
concepts that are suited for a particular climate type
are outlined in Table 1. Heating dominated climates
can benefit from solar collection and passive heating,
heat storage and conservation through improved insula-
tion and use of daylight to reduce lighting demand. For
cooling-dominated climates, opposite strategies can be
applied, where protection from sun and direct solar

11
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Table 1: Climate-dependent design strategies.

Heating-dominated climates
envelope

Solar collection and passive heating: Collection of solar heat through the building

Heat storage: Storage of heat in the mass of the walls and floors

Heat conservation: Preservation of heat within the buildings through improved

insulation

Daylight: Utilization of natural light sources

Cooling-dominated climates

Solar control: Protection of the building from direct solar radiation

Ventilation: Movement and replacement of air within occupied spaces

Minimization of internal gains: Reduction of heat from occupants, equipment

and artificial lighting

Reduction of external gains: Protection from solar heat gain by infiltration (factor
for building enclosure design), and conduction (factor for shading design)

Cooling: Possible utilization of natural ventilation where climatic characteristics
and building usage permit this method

Daylight: Utilization of natural light sources while minimizing solar gain by utili-
zation of shading devices and light-shelves

Mixed climates
seasons

Solar control: Protection of the building from direct solar radiation during warm

Solar collection and passive heating: Solar collection during cold seasons

Daylight: Utilization of natural light sources

radiation is advantageous as well as reduction of in-
ternal and external heat gains, use of natural ventila-
tion where permissible and use of daylight. In mixed
climates, combined strategies need to be implemented
balancing solar exposure and access to daylight.

Daylighting and shading are one of the aspects of fa-
cade design for high-performance building facades. Fa-
cades not only offer the aesthetic look and the building’s
architectural expression, but should be advantageously
used to control the internal conditions of the building.
Methods for design of high-performance building enve-
lopes include:

e Enhanced sun protection and cooling load con-
trol while improving thermal comfort and provid-
ing most of the needed light with daylight.

e Enhanced air quality and reduced cooling loads
using natural ventilation schemes employing the
facade as an active air control element where
permissible.

e Reduced operating costs by minimizing lighting,
cooling and heating energy use by optimizing the
daylighting and thermal trade-offs.

There are several key parameters that influence per-
formance of building facades, but location and climate
are prevailing considerations. Design strategies need to
adapt according to the climatic conditions and take into
account local characteristics in order to minimize loads
and energy consumption. Perfection of a building en-
velope design depends on the appropriate solutions for
the various parameters of visual, thermal and acoustical
comfort®.



Maximum advantage of daylight can be achieved by
shaping the plan arrangement of a building to suit
the activities within by properly sizing windows and
by including light-shelves and selecting interior mate-
rial finishes that reflect light. Spaces that utilize control
systems for artificial lighting (occupancy sensors and
photosensors) can significantly reduce lighting loads,
accounting for 25 to 40 percent of energy savings for
interior lighting®. Daylight simulations can help in selec-
tion of appropriate strategies, especially for mixed cli-
mates since provision of shading devices can negatively
affect availability of natural light.

Reinhart and Fitz conducted a study on the utilization
of daylight simulations and their impact on building
design'®. A survey was administered to architectural
designers (31 percent), engineers (38 percent), re-
searchers (23 percent) and other building professionals
(8 percent) totaling 169 participants. Results show that
utilization of simulation tools for assessment of daylight

= O\_‘\V
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Design Decisions

- e
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potentials was significantly higher during design devel-
opment than during schematic design and that shading
types and controls were the number one design aspects
that were influenced by the daylighting analysis. Also,
window size, glazing type and choice of lighting controls
were identified as important aspects that can benefit
from daylighting analysis, followed by building orienta-
tion, interior surface properties and room dimensions.

2.3 The Need for Integrating Analysis into the

Design Process
In order to evaluate and optimize building performance,
different analysis cycles should be part of an integrated
design process. Figure 4 shows the basic types of per-
formance analysis in relation to the project stages, par-
ticularly focusing on building envelope design. The top
part of the diagram shows the impact of decisions on
actual building performance and relationships to proj-
ect stages. As can be seen, as early as the programming

Uncertainty

Performance

00—

_7(}7_7_7 Timeline :>

)
DOCUMENTS

Define Goals & Design

Climate Anal;
](‘snu?:r ngms Criteria (thermal comfort,
Therm:al cte) cooling & lightingloads,

ventilation reguirements, ete.)

Base
Information

Propose Facade
Design Option

Daylighting &
Insolation Studies

ilding

Daylighting Studies

Faade Insolation
analysis,
analysis

Building Massing

A o
ershadowin;

Passive Design Strategies

Daylighting studies
for fagade options

Fassive herma

analysis (natural
ventilation, thermal

Fagade Details
Analyze Facade Roofing Detals
Design

Finalize Building
EnvelopeDesign &
Materials

Building Envelope
Optimization Study

System Design
Options Stady
(conventiond air,
chilled beam, etc.)

Efficient System
Strategies

Detailed Analysisof
Building System
Optimized Whole Building
Design with Minimuin
Energy Consumption

Figure 4: Design performance analysis flow with a focus on building envelope optimization (Adapted from Kohli, 2008)!.
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phase the analysis focuses on the bigger design picture
such as climate information, orientation and building
massing. Then, at conceptual and schematic phases
the analysis observes the whole sun shading method
proposed for the facade in alignment to overshadowing
of surrounding buildings. Generally, an iterative cycle of
different design options of sun shades are analyzed as
well as daylighting studies. The decisions here are of
high impact on the design because they influence the
exterior design character of the project, potential energy
use reduction and affect the comfort levels inside the
spaces.

The design method that integrates energy and environ-
mental analysis at early design stages suggests a proce-
dure to follow in order to reach a particular solution to
a design problem. This is a challenging paradigm when
comparing between the traditional and building perfor-
mance-based design methods:

1. Traditional Method: has some deficiencies be-
cause: (1) it includes simplified assumptions
based on rules-of-thumb that can be inaccurate
(e.g. forcing an aesthetic feature); and (2) not
accurate in relation with performance measure-
ment of design solution.

2. Building Performance-Based Design Method:
has power in predicting a design solution be-
cause it: (1) uses performance measures with
actual quantifiable data and not rules-of-thumb;
(2) aims to develop a ‘simplified’ model of a
complex physical system; (3) uses the model to
analyze and predict behavior of the system; and
(4) produces a more realistic evaluation of the
design.

Itis important to distinguish between different steps that
are associated with performance-based design method,
associated design phases and types of design decisions
that can be influenced.

2.4 BIM-Based Building Performance Analysis
Using Revit and Ecotect

Current design representations offer improved com-
munication and interoperability between design docu-
mentation and analysis applications. Best practices for
data exchange between BIM Revit® platform and Eco-
tect® analysis software are discussed to illustrate this
process. Ecotect analysis is designed to be used during

the early stages of the design process and can be ef-
fectively used for a variety of analysis functions such
as shadow analysis, shading, solar exposure studies,
lighting and daylighting studies!?. Data exchange be-
tween Revit and Ecotect is performed through Green
Building XML (gbXML) schema, a computer language
specifically developed to facilitate the transfer of build-
ing properties stored in BIM to analysis tools. The basic
structure of gbXML consists of elements such as rooms,
walls, floors, ceilings, shading surfaces and windows.
It inherits properties imbedded in the model (actual
numeric values) and transfers to analysis applications.
The following model parameters are essential for data
exchange and are useful in utilizing BIM models for en-
vironmental analysis:

1. Rooms: Since rooms are the basis of the gbXML
file and its structure (all the other data is asso-
ciated with these elements), their location and
properties must be specified in the model. Only
significant spaces should be defined as rooms
(corresponding to thermal zones) and smaller
supportive spaces (elevator shafts, storage spac-
es, mechanical spaces, etc.) can be grouped.
Rooms must be fully bounding, therefore, setting
up correct heights and dimensions is important.

2. Analytical surfaces (floors, walls, roofs): Building
elements must be bounding and connected.

3.  Openings: Windows and skylights should be de-
fined and their properties and technical details
(such as material properties) can be modified in
Ecotect (thicknesses, U-values, visual transmit-
tance, solar heat gain coefficient).

4. Shading surfaces: Shading surfaces are treated
as analytical surfaces (walls, floors or roofs) that
are not bounding a room and are exported as
simple surfaces.

These basic parameters can be embedded in the model
from the earliest stages of the design process and used
for environmental analysis. Figure 5 shows an example
of a Revit file with information needed for the analysis
imbedded in the model (rooms, their dimensions and
properties), which get transferred by gbXML file to anal-
ysis engine. Figure 5b shows an excerpt of the gbXML
file containing exactly the same information, but show-
ing a different, data-based view. Figure 6 shows the
analysis model created in Ecotect from the gbXML file.
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<?xml version="1.0" encoding="UTF-8" 2>
<gbXML temperatureUnit="F" lengthUnit="Feet" areaUnit="SquareFeet"
volumeUnit="CubicFeet" useSIUnitsForResults="false"
xmins="http:/ /www.gbxml.org/schema" version="0.37">
- <Campus id="cmps-1">
- <location=
<Name>Washington, DC</Name>
<l atitude >38.905000</Latitude>
<longitude>-77.016000</Longitude=
</Location
<Building id="bldg-1" buildingType="SchoolOrUniversity">
<Surface id="su-1" surfaceType="InteriorFloor">

<Surface id="su-3" surfaceType='
<Surface id="su-4" surfaceType
- <Surface id="su-5" surfaceType="Air">
<Name>X-1067-1067-I-0-5</Name>
<AdjacentSpaceld spaceldRef="sp-1067- CORRIDOR" />
<AdjacentSpaceld spaceldrRef="sp-1067-CORRIDOR" /=
- <RectangularGeometry >
<Azimuth=0.000000</Azimuth=
- <CartesianPoint>
<Coordinate>-35.078345</Coordinate=
<Coordinate>123.130321</Coordinate>
<Coordinate>444.870000</Coordinate =
<f/CartesianPaint>
<Tilt=0.000000</Tilt>
<Height=0.125636</Height=
<Width=0.593750</Width=
</RectangularGeometry >
£y - rROREsaRy TS TR — T - <PlanarGeometry>

Figure 5: a) Example of Room properties inside a Revit gpXML 3D model, b) gbXML data file structure.
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Figure 6: Ecotect model (based on the import of the gbXML file shown in Figure 5).
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2.5 The Work Context for Building Performance

Analysis

It has become important that designers evaluate build-
ing energy performance at early and schematic project
phases before a detailed whole-building energy model
is produced. This saves the project from drastic chang-
es due to misguided energy goals. However, building
performance analysis can be long, tedious process
and the authors believe that it is important to demys-
tify such process. This article proposes that building
performance analysis can be performed in two primary
stages, which can be parallel or complement each oth-
er. The first method is a lightweight energy analysis per-
formed at early project phase. We refer to this method
as a Design-Performance Energy Analysis whereby it
could follow two stages and each is utilizing the appro-
priate tool. In some cases we have noticed that a whole
building energy analysis is hard to accomplish at this
early stage due to many operational and logistical rea-
sons. Most importantly, certain energy attributes such
as detailed information about building systems are not
known and are needed for populating a whole-building
energy model. This is why isolating components that
are known (e.g. building envelope options, skylight op-
tions, etc.) work well. The two stages within the Design-
Performance Energy Analysis method are!3:

1. Understanding some energy target goals and de-
sign scenarios: the aim is to establish early in the
project some meaningful energy performance
targets in order to assess against the different
design schemes. With this, early design char-
acteristics and decisions are understood such
as: the site, building orientation, climatic condi-
tions, shadow ranges, basic solar exposure and
its directionality and passive strategies based on
the location. One of the tools that can be used is
COMFEN tool, which allows analysis of key fen-
estration variables on energy consumption, peak
energy demand and thermal and visual com-
fort. Other tools like Autodesk® Green Building
Studio® can assist in calculating energy target
goals.

2. Design solutions and optimization: occurs when
the project progresses into design development
phase. For example, the building envelope un-
dergoes cycles of performance analysis based
on the exterior skin configurations. In this ap-
proach different design options are tested utiliz-
ing a more detailed “3D prototype model”. The
analysis tool that can be used here is Ecotect
Analysis, which aids the team in performing it-
erative analysis to assess:

e Facade solar exposure to determine total
solar radiation: Understanding the total ra-
diation assists in understanding insulation
needs in the building, which is done by
evaluating different wall construction mate-
rials’ properties.

e Sunshade design and optimization: The
tool helps us optimize the size of sunshades
as well as understand the shaded area of
exposed glass.

e Natural daylight levels, which are analyzed
at various critical spaces of the building (for
example, classrooms, patient rooms, public
spaces and lightwells).

The Energy Modeling is the second method and it fo-
cuses primarily on sizing and selection of mechanical
equipment and prediction of annual energy consump-
tion through the “whole building” approach!s.

For the purpose of the work presented in this article,
the authors are focusing on the Design-Performance
Energy Analysis method and application to the two case
studies.

3.0 CASE STUDY (1): DUKE MEDICINE PAVILION
BUILDING ENVELOPE ANALYSIS

3.1 Project Overview and Analysis Objectives

The objectives of this study were to investigate build-
ing envelope design options and the effects on energy
consumption, visual and thermal comfort and daylight
strategies for Duke Medicine Pavilion, located in Dur-
ham, North Carolina. Durham is characterized by a
mixed-humid climate. Climatic conditions indicate that
high air temperatures and high humidity levels are pre-
dominant during the summer months while relatively
low temperatures are predominant during the winter
months.

As shown in Figure 7, the hospital building is part of a
large campus (approximately 350,000 square feet floor
area). The first two levels contain the imaging depart-
ment and public access areas, the third floor is the sur-
gery level, levels four and five contain mechanical open
floors and roof garden with two patient towers above
them.

Annual solar path, building orientation and shade pro-
vided by surrounding buildings were investigated to de-
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Figure 7: Duke Medicine Pavilion project within campus context and 3D Revit model.

termine critical areas where shading devices are needed
as seen in Figure 8. East, south-east and south orien-
tations are critical and require shading devices. West
orientation is shaded by the adjacent existing building.

These following aspects were investigated:

1. Energy performance for south and south-east ori-
ented curtain wall and the effects of glass prop-
erties (varying U-values, SHGC, visual transmit-
tance), configuration and dimensions of shading
devices and daylighting controls.

2. Design of shading devices and light-shelves and
their effect on available daylight in the public
waiting areas along the south and south east ori-
entations.

Figure 8: Projections of shadows from surrounding buildings
on March 21, May 21, September 21 and December 21.
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3.2 Building Envelope Design Elements and

Effects on Energy Consumption

A number of curtain wall types have been used for this
design, but only curtain wall Type Al is discussed in
this article, located on the south and south-east facades
(Figure 9). The objective of the study was to analyze
different design options (properties of glass and shad-
ing devices) that can be applied to minimize energy
consumption. The elements of the curtain wall Type
Al are portrayed in Figure 9, where horizontal shad-
ing elements are used to block solar radiation and two
different types of glass are used (low-e vision glass and
insulated spandrel glass). The facade system delivers
the greatest performance to the building owner and oc-
cupants when it becomes an essential element of a fully
integrated building design in a manner that reduces op-
erating costs for a building and increases comfort and
productivity for occupants.

Basic guidelines for building envelope design located in
a mixed-humid climate are as follows:

.
~

| 3D Revit Model

; il
I £ fff 4

e Sun protection should be enhanced while pro-
viding most of the needed light using daylight.

e  Operating costs should be reduced by minimiz-
ing artificial lighting, cooling and heating energy
by optimizing the daylight.

For this particular climate, the reduction in cooling loads
and provision of daylight are the most important strate-
gies for the reduction of overall energy consumption.
Therefore, glass that exhibits higher visual transmit-
tance (Tv) and lower solar heat gain coefficient (SHGC)
is preferable, but should be analyzed in order to under-
stand the correlation between heat gain and provision
of natural light. Table 2 shows properties of glass types,
where GL 1 and GL 2 are low-e, double air-insulated
glazing units studied for the vision-areas of the curtain
wall. GL 3 and GL 4 are used for spandrel areas and the
type of glass is identical, but GL 3 includes ceramic frit
to reduce solar heat gain.

I Revit Materials Takeoff Schedule

Wall Type A1 Daylight Analysis

Wall Typa Total Surface Area [ft2) | Percentage
Insulated Spandrel Glass 37456 2085775882
Insulated Vision €lass with Custam Frit Pattern 13067 7.276503803
Insulated Vision Glass 56882 3714398312
Matal Fanel 5176 1882312978
Precast 23782 1324127013
Stors 17716 986535008
Louwer Wall {Level 04) 15429 8630789553
Total Area 173578 106

[

Percentages By Wall Types

B |nsulsted Spandrel Glass

W | nsudatedd Viston Glass with
Custarm Frit Pattern

W Imsulated Vision Glass

W Ivietal Parel

W Pracast

W Sone

W Lourear Wall [Level 04}

Figure 9: Visualizing curtain wall types in Revit and showing material areas/percentage calculation in the model.



Table 2: Glass properties.
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Glass type Visual Solar Heat Gain U-value U-value
transmittance  Coefficient (Btu/hr-sf-°F) (W/hr-m2-°C)
(Tv) (SHGC)

GL1 0.71 0.38 0.29 1.65

GL?2 0.62 0.29 0.28 1.59

GL 3 (40% white frit coverage)® | 0.27 0.19 0.30 1.70

GL 4 (No frit) 0.38 0.25 0.30 1.70

One set of simulation scenarios focused on different
cases for wall Type Al (south orientation) and the prop-
erties are listed in Table 3. Types of glazing units and
shading elements were varied to analyze the effects of
their properties on energy consumption (heating, cool-
ing, lighting loads), daylighting and thermal comfort.
Moreover, comparison to wall types without shading de-
vices and daylighting controls was performed. Simula-

Table 3: Characteristics of analyzed curtain wall options.

tion set for south-east orientation also included similar
scenarios. Also, vertical shading elements were intro-
duced for the south-east orientation. The study inves-
tigated a single bay per floor and a single zone, where
associated annual energy demand for heating, cooling
and lighting loads for these four cases were calculated.

South orientation

South-east orientation

e Vision glass: GL 1

e Non vision glass: GL 3 (40% frit coverage)
e Horizontal overhang 4’ depth (1.2m)

e Mullion extensions 6” (0.15m)

e Vision glass: GL 1

e Non vision glass: GL 3 (40% frit coverage)
e Horizontal overhang 4’ depth (1.2m)

e Mullion extensions 6” (0.15m)

e Vision glass: GL 2

e Non vision glass: GL 3 (40% frit coverage)
e Horizontal overhang 4’ depth (1.2m)

e Mullion extensions 6” (0.15m)

e Vision glass: GL 2

e Non vision glass: GL 3 (40% frit coverage)
e Horizontal overhang 4’ depth (1.2m)

e Mullion extensions 6” (0.15m)

e \/ision glass: GL 2

e Non vision glass: GL 3 (40% frit coverage)
e Horizontal overhang 4’ depth (1.2m)

e Mullion extensions 1’ (0.3m)

e \ision glass: GL 2

e Non vision glass: GL 3 (40% frit coverage)
e Horizontal overhang 4’ depth (1.2m)

e Mullion extensions 1’ (0.3m)

e \ision glass: GL 2

e Non-vision glass: GL 4

e Horizontal overhang 4’ depth (1.2m)
e Mullion extensions 1’ (0.3m)

e \ision glass: GL 2

e Non vision glass: GL 4 (40% frit coverage)

e Horizontal overhang 4’ depth (1.2m)

e Mullion extensions 1’ (0.3m)

e Vertical fins: height=9’ (2.7m), depth=1" (0.3m),
thickness=3" (0.08m)
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glass GL 3, daylighting
contrals, overhang

Figure 10: Calculated energy demand for different design options (south-oriented curtain wall).
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glass GL 3, daylighting
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glass GL 3, daylighting
controls, overhang

Vision glass GL 2, Non-vision Vision glass GL 2, Non-vision
glass GL 3, daylighting glass GL 3, daylighting
contrals, overhang, extensionof controls, overhang, extension of
mullion caps to 1' mullion caps to 1°, vertical fins

(height=9', depth=1")

Figure 11: Calculated energy demand for different design options (south-east oriented curtain wall).

Figure 10 shows results for selected scenarios (south
orientation), illustrating demand for south perimeter
zones only. It was found that glass with lower visual
transmittance and lower solar heat gain coefficient used
for vision glass (GL 2) would results in reduced cool-
ing loads, therefore, all the shown options show those
scenarios. Implementation of lighting controls would
significantly reduce lighting loads. Also, use of fritted
glass for non-vision areas would reduce solar gains. The
optimum design scenario utilizes GL 2 type for vision
area, fritted glass for non-vision area, daylighting con-
trols, horizontal overhang and extended horizontal mul-

lion caps to provide additional shading. This scenario
would result in 50 percent reduction in energy demand
compared to a scenario that utilizes the same type of
glass for vision area, but excludes fritted glass for non-
vision area, shading devices and daylighting controls.

Figure 11 shows results for selected scenarios (south-
east orientation). For this orientation, optimum design
scenario also uses GL 2 for vision area, fritted glass for
non-vision area and vertical fins are introduced to block
early morning sun (besides horizontal overhang and ex-
tended mullion caps).



3.3 Effects of Design Options on Occupants’

Thermal Comfort and Glare

The effects of the above discussed design options on
thermal comfort and glare has also been investigated
using COMFEN/EnergyPlus. Controlling glare is neces-
sary for occupants’ visual comfort. Average discomfort
glare index is based on a subjective response to bright-
ness within one’s field of view. In this analysis, the av-
erage annual glare index was computed for a person
facing the south wall, sitting five feet from the window.
A glare index of ten is the threshold for just perceptible
glare while a glare index of 16 is the threshold where
glare is just acceptable.

Thermal comfort analysis, following Predicted Mean
Vote-Percentage of People Dissatisfied (PMV-PPD)
method, was used to study the interior thermal comfort
conditions for the design options. This method is based
on human body energy balance and is combined with
an empirical fit to thermal sensation. PMV is based on
a seven-point, cold-to-hot sensation scale for a large
population of people exposed to a certain environment.
PPD is the “Percentage of People Dissatisfied” at each
value (PPD indicates the probability that an average

Table 4: Glare index and thermal comfort.

Average discomfort glare index 5.30
Thermal comfort (PPD index) 16.83
Average discomfort glare (glare index) 5.20
Thermal comfort (PPD index) 14.57

3.4 Daylighting Analysis and Results

Daylight is the best source of light for the public space.
The analyzed curtain wall adjoins waiting areas of the
hospital. In order to understand the effects of different
design options on daylight levels, subsequent daylight
analysis was performed. Ecotect and Radiance pro-
grams were used for the study. Sixteen different options
were investigated (varying window to wall ratio, configu-
ration of shading devices and ceiling geometry). These
studies were limited to evaluation of natural light under
overcast sky conditions.

Building Performance Predictions

person will be dissatisfied with his/her thermal comfort).

PMV-PPD statistically indicates the number of individu-
als that would express satisfaction by comfort conditions
and ASHRAE 55-2004 Standard (Thermal Environmen-
tal Conditions for Human Occupancy) recommends
that PMV value should be between -0.5 and +0.5,
which corresponds to PPD of ten (or ten percent of dis-
satisfied persons)®. It also defines acceptable thermal
environment as one in which there is 80 percent overall
acceptability, basing this on ten percent dissatisfaction
criteria for general thermal comfort, plus an additional
ten percent dissatisfaction that may occur from local
thermal discomfort.

Comparison of average discomfort glare index and ther-
mal comfort PPD index is listed in Table 4 for south and
south-east orientations. Results show that design op-
tions that result in improved energy efficiency for both
south and south-east orientations are also best candi-
dates for minimizing glare. All design options meet the
recommended 80 percent acceptability threshold, but
options that improve energy efficiency are also prefer-
able for improving thermal comfort.

5.80 4.60 5.10
15.40 14.11 13.40
5.00 5.00 4.30
14.24 14.23 14.38

Properties of glazed portions of the building envelope
were constant as obtained from the best scenarios
from energy analysis presented in the previous section.
Figure 12 shows three different options and results for
south and south-east orientations. The properties are
as follows:

1. Base design: vision glass GL 2 (7’-10"), Shading
device depth = 4’, shading device elevation = 7’-
107, flat ceiling at elevation = 12’

2. Option 1: vision glass GL 2 (7’-10"), shading de-
vice depth = 4", shading device elevation =

21
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7'-10", interior light shelf, sloped ceiling (slop-
ing down from the curtain wall from 12’ elevation
to 107), and with 2’ fritted glass band placed 2’
above shading device.

3.

Option 2: vision glass GL 2 (7"), shading device
depth = 3’, shading device elevation = 7', sloped
ceiling (sloping up from the curtain wall from el-
evation 10’ elevation to 12'), 2" of fritted glass at
base.

June 21 at 12:00 At Window At Middle Space At Back Wall
( ! South East)
Measurerment Distance 1 1 a 10 14 17

Base Design Option (fc)

45 10

Monthly Transmitted Solar
Radiation (Btu/ftz)

125,832; Glass Ares = 181 ft2

Monthly Average
Shade Percentage

Option (1) (fc)

Monthly Transmitted Solar
Radiation (Btu/ft*)

256,932
Glass Ares = 151 ft?

Monthly Average
Shade Percentage

71

Option (2) (fc)

130

50 10

Monthly Transmitted Solar
Radiation (Btu/ft*)

66,445
Glass Ares = 141 ft?

Manthly Average
Shade Percentage

79

Figure 12: Comparison of daylight levels for three different scenarios (south and south-east orientation) and effects of ceiling geom-
etry and light-shelf on daylight levels (June 21).



Results indicate that the last option would be the best
option since uniform distribution of light would be pres-
ent for summer and winter conditions. Other reasons
include:

e |tenhances the overall daylight quality within the
space. This is visible from the heat-map render-
ings indicating better light distribution.

e The transmitted solar radiation is dramatically
reduced from the original base design option,
which allows a reduction in the cooling loads.

e Therecommended design option results in using
less glass area (141 ft?) instead of (181 ft?) from
the base design option.

4.0 CASE STUDY (2): GEORGE MASON UNIVERSITY

4.1 Project Overview and Analysis Objectives

George Mason University Science and Technology Com-
plex is located in Fairfax, Virginia. The building complex
consists of an addition to an existing academic research
center as seen in Figure 13. There is also an existing

George Mason University Sclence+
Technology Site Plan

Renovation Building

Addition Building

Building Performance Predictions

building bounding the complex on the west. Objectives
of this study were to analyze shading strategies, daylight
levels and solar exposure for various building orienta-
tions and components and methods to improve perfor-
mance of building envelope. These following objectives
were investigated:

e  Site context and shadow ranges for winter and
summer solstices.

e Addition building: shading devices on east fa-
cade; solar exposure, daylight levels and glare
for selected laboratories.

e Addition building: shading devices on west fa-
cade, daylight levels and solar exposure; daylight
levels and glare for corridor area.

e Addition building: solar exposure and daylight for
north and south atrium facades.

e Renovation building: shading devices on west fa-
cade, solar exposure, daylight levels for selected
computer laboratories and glare analysis.

e  Properties of building envelope (specifically,
glass selection) for improving energy efficiency.

Building envelope West facafe solar insolation

performance
T Laboratory spaces daylight
e analysils — ™
r b mam =
N - S
4 .

East laboratorie:
daylight analysis

Atrium insolation and
daylight analysis

West corridor
insolation analysis and
daylight studies

Figure 13: George Mason University Science and Technology complex and analysis objectives.
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4.2 Environmental Conditions and Passive
Strategies

Fairfax, Virginia is characterized by mild humid climate.
Review of average monthly temperatures and humid-
ity conditions revealed that mild conditions are present
for the majority of the year (October through April: cool
conditions; April through middle of June and middle of
September through October: moderate conditions) and
only during summer months warm and humid condi-
tions are present (middle of June through middle of
September). Passive solar heating is possible for the
majority of the winter months for this location, but solar
gain should be minimized for summer months, there-
fore, following sections discuss analysis of site context
and orientation, performance of shading devices and
relationships between solar exposure and daylight.

4.3 Shading Devices, Daylight and Glare: West

Facade
Selection of shading devices depends on building ori-
entation. Generally, horizontal devices should be used
for south facades. Vertical devices, such as fins, should
be used on east and west facades and be able to rotate

December 21, 9 AM to 5 PM {1 hour increments)

June 21,9 AM to 7 PM (1 hour increments)

Figure 14: Site context and shadow ranges for selected dates.

depending on the daily sun path. Shading of south fa-
cades respond to seasonal changes while east and west
facades should respond to daily changes. Since the
buildings under consideration are oriented -73° from
true north, relative orientation and solar position was
taken into account. During the winter months, build-
ings’ east facades do not have direct access to sun and
during summer months only receive direct solar radia-
tion for a few hours in the morning. Since there is an
existing building directly bounding Addition and Reno-
vation buildings on the west side (as well as other build-
ings in the near proximity) detailed shadow analysis was
performed for the entire site to understand the effects of
surrounding buildings. Overall site context, surrounding
buildings and daily shadow ranges for selected dates
(December 21, March 21, June 21 and September 21)
are portrayed in Figure 14. Gradient intensity indicates
the amount of time that the selected surfaces spend in
shade (in one hour increments). Significant shading is
provided by the building that bounds Addition and Ren-
ovation Science and Technology buildings on the west
(during afternoon hours throughout the whole year, es-
pecially Renovation building).

March 21, 9 AM to 6 PM (1 hour increments)



Figure 15 shows hourly shadows for June 21. During
this time, shading devices are needed during the whole

9 AM 11AM 1PM
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day. Therefore, relative south and west facades are the
most critical, especially in the afternoon hours.

Figure 16: Comparison of average solar exposure for west fagcade without and with shading devices.

Figure 16 compares average solar exposure for west
facade without and with shading devices for summer
months. It is evident that shading devices (aluminum
screen mesh used as vertical fins) significantly reduce
solar heat gains. Moreover, reducing the angle of ver-
tical fins would further reduce solar heat gains. Since

shading devices can negatively affect access to natural
light, daylight analysis was conducted to investigate the
effects. Figure 17 shows daylighting levels in the cor-
ridor. It is evident that the vertical fins do not reduce
amounts of natural light within the interior space.
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Figure 17: Daylight levels in the corridor and the effects of shading devices.
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Figure 18: a) Interior view of the corridor and daylight levels; b) Daylight levels at measured distances from the curtain wall (simu-

lated on June 21 and December 21).

Glare analysis has been performed for June 21 and
December 21, where two different calculation methods
have been used (Unified Glare Rating and Visual Com-
fort Probability). Figure 18 shows interior view of the
corridor used for the analysis (fisheye camera is used
to generate the image appropriate for the analysis). De-
tailed daylight levels at measured distances from the
curtain wall are also shown for June 21 and Decem-
ber 21 conditions. Radiance was used to calculate two
glare indices Unified Glare Rating (UGR) and Visual
Comfort Probability (VCP). UGR indicates visual dis-
comfort and is calculated by a formula that takes into
account position and brightness of each potential glare
source. Following values for acceptable ranges are rec-
ommended'®:

e  Discomfort zone

- Intolerable: >28

- Just intolerable: 28

- Uncomfortable: 25

- Just uncomfortable: 22
e  Comfort zone

- Acceptable: 19

- Just acceptable: 16

- Noticeable: 13

- Just perceptible: 10

Results for June 21 and December 21 indicate that
glare would not be present in this space, since calcu-
lated UGR index was O for both winter and summer
conditions. Visual Comfort Probability index was also
calculated. It is an estimate of how many people out of
100 would feel comfortable in the given visual environ-
ment, and results showed that VCP index would be 100
for both summer and winter conditions. Therefore, the
vertical aluminum screen mesh vertical fins used on the
west facade reduce unwanted solar heat gain, but do
not negatively affect the amounts of natural light and
provide protection against unwanted glare.

4.4 Shading Devices, Daylight and Glare: East

Facade and Atrium
East facade of the Addition building is shadowed dur-
ing most of the year, and receives only small percent-
age of incident solar radiation, as seen in Table 5.
Shading devices on this facade are therefore redun-
dant. Daylight levels for laboratories located on the
second level are shown in Figure 19.
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Table 5: Average solar radiation, incident solar radiation and average shade percentage for the east fagcade.

Available solar Incident solar Average shade
radiation (Btu/ft2) radiation (Btu/ft2) percentage

Jan 25,744 1,185 91%

Feb 27,208 1,534 83%

Mar 35,784 1,993 87%

Apr 46,550 2,857 86%

May 35,197 2,194 85%

Jun 43,175 2,719 83%

Jul 42,109 2,558 83%

Aug 41,275 2,374 84%

Sep 35,846 2,204 87%

Oct 43,697 2,738 86%

Nov 26,064 1,354 88%

Dec 25,219 1,120 90%

TOTAL 427,868 24,828

East laboratory 1 East laboratory 2

axfsosl 11 v1gy 7 AN i-m

41,7}

LR

Figure 19: a) East fagade and shadows (June 21), b) Daylight levels for laboratory spaces (plan).
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Figure 19c: Distribution of daylight within 3D models of laboratories.

Average incident daily solar radiation for atrium facade
is relatively low due to the orientation and shading pro-
vided by the existing building. Also, it was found that
this facade is shaded for majority of the year, except late
afternoon hours during summer months. Therefore,
shading devices (or other methods for controlling solar

heat gain such as fritted glass) would be redundant.
Daylight analysis indicated that sufficient daylight levels
would be present in the atrium (Figure 20), where val-
ues are shown for measured distances from the curtain
wall.

Daylight levels ()

oln 3an &n 1

121 15N 18N 21N 24N 27N

Distance from the curtain wall

Figure 20: a) Atrium; b) Daylight levels at measured distances from the curtain wall.



4.5 Building Envelope Energy Performance

Solar heat gain plays a major role in determining ther-
mal performance of a building facade. The factors that
can influence energy conservation of windows and cur-
tain walls are use of low-emissivity (low-e) coatings, bal-
anced relationships between properties of glass (specif-
ically, solar heat gain coefficient, thermal conductance,
and visual transmittance), inert gases and frame mate-
rials. Improvements in the thermal performance of win-
dows can be achieved by using spectrally low-e coat-
ings that allow a high proportion of the visible light in the
solar spectrum to be transmitted, but block much of the
other wavelengths responsible for solar heat gains, thus
improving thermal efficiency. Further improvements in
thermal resistance can be achieved by replacing air
with low conductivity gases such as argon or krypton. In
order to investigate building envelope performance and
to select glass according to building orientation and en-
ergy loads, several representative spaces were selected
for areas of low and high solar exposure:

Table 6: Properties of glass used for analysis.

Double insulated clear glazing unit 0.79
(air infill)

GL1 0.62
GL 1 (argon infill) 0.62
GL3 0.70
GL4 0.48
GL4 0.48
GL5 0.36
GL 5 (argon fill) 0.36

Building Performance Predictions

e |Low solar exposure:
- East laboratory (Addition building)
- East office (Renovation building)
e High solar exposure:
- Corridor (Addition building)
- Atrium south entry (Addition building)
- South office (Renovation building)
- West computer laboratory (Renovation
building)

For low solar exposure, selected glass options that were
used in the study have low U-factor, relatively low solar
heat gain coefficient (SHGC) and high visual transmis-
sion (Tv). For high solar exposure, options with low U-
factor, lower SHGC and lower Tv were analyzed. One
option with low SHGC and average visual transmittance
was analyzed for both areas as well as system with high-
er visual transmittance (GL 4). Specific properties are
listed in Table 6.

0.70 0.48 2.73
0.28 0.30 1.71
0.28 0.25 1.42
0.38 0.29 1.65
0.28 0.30 1.71
0.28 0.30 1.71
0.28 0.31 1.76
0.27 0.26 1.48

29



Different scenarios were simulated for all cases (base
case and options with different glass properties). All of
the analyzed spaces were modeled as a single zone.
Results showed that for low solar exposure spaces best
results are obtained by using glass with low U-value and
relatively high visual transmittance (such as GL 1), as
seen in Table 7. Heating loads would be reduced by

PERKINS+WILL RESEARCH JOURNAL / VOL 02.02

using argon-filled glazing unit, but since heating loads
only constitute small percentage of the overall loads, the
higher cost of the building facade would not benefit the
overall energy/cost savings. For areas with high solar ex-
posure (such as west corridor), results show that glass
with low solar heat gain coefficient and visual transmit-
tance (GL 5) would be the best choice (Table 8).

Table 7: Results for low solar exposure options (energy consumption).

LOW SOLAR Base GL1 % GL3 % GL4 % GL 1
EXPOSURE case (Differ- (Differ- (Differ-  (argon
(East laboratory) ence ence ence infill)
from from from
Base Base Base
case) case) case)
Heating (kBTu/sf-yr) 4.2 24 -41% 2.4 -42% 2.3 -44% 1.9
Cooling (kBTu/sf-yr) 227 188 -17% 186  -18% 203 -11% 19.4
Fan (kBTu/sf-yr) 129 89  -31% 8.8 -32% 96 -25% 87
Lighting (kBTu/sf-yr) 216 233 8% 254 17% 224 4% 23.3
Total energy (kBTu/sf-yr) | 61.4 535 -13% 552  -10% 547  -11% 53.4
Table 8: Results for high solar exposure options (energy consumption).
HIGH SOLAR Base GL1 % GL4 % GL5 %
EXPOSURE case (Differ- (Differ- (Differ-
(West corridor) ence ence ence
from from from
Base Base Base
case) case) case)
Heating (kBTu/sf-yr) 8.8 69  -22% 5.8 -35% 6.1 -31%
Cooling (kBTu/sf-yr) 1348 624  -54% 69.8  -48% 613  -55
Fan (kBTu/sf-yr) 816 377 -54% 296  -51% 357  -56%
Lighting (kBTu/sf-yr) 419 419 0% 419 0% 419 0%
Total energy (kBTu/sf-yr) | 267.2 1489 -44% 157.1  -41% 1450  -46%




5.0 FUTURE RECOMMENDATIONS

The authors would like to highlight issues and areas for
improvements when it comes to building performance
predictions:

e Thereis a general consensus for the need to de-
velop and derive project designs based on rules-
of-thumb in combination with the scientific/ana-
lytical approach for performance assessment.

e Coupling BIM-based energy analysis with BIM-
based design production tools occurs when all
design team members work collaboratively and
while they are involved in the iterative process of
design decision-making.

e There are both direct (gbXML) and indirect
(DXF) routes when it comes to exchanging 3D-
BIM models with energy analysis applications.
We believe that most of the model-data interop-
erability is converted properly using gbXML. The
challenge becomes the backward process when
importing the energy analysis model/features
back into BIM, which currently is not a feasible
two-way mechanism between Revit and Ecotect.

e |t is imperative to understand the underlying
concepts and methodologies that a certain tool
is applying in the analysis as well as its benefits
and drawbacks.

e Thefinalissue is that BIM-production model and
the BIM-energy analysis model need to be man-
aged and properly developed. In essence, BIM-
production model has too many architectural/
construction details and the second is a low level
of detail simulation model. Users need not waste
time in constructing or exchanging the whole
project and details of the building that are not
needed for the analysis, but rather focus on the
zones under study and dependent on the objec-
tives of the investigation.

6.0 CONCLUSION

This article discussed relationships between building
simulations and design process and how performance
predictions can assist in identifying strategies for reduc-
ing energy consumption and improving building perfor-
mance. The first part of the article discussed why we
need to “quantify” design decisions. In order to achieve
extremely low and net-zero energy buildings, quantifi-
able predictions are needed at every step of the process,
which assess the benefits of using passive strategies,
advanced building technologies and renewable energy
sources. We need to quantify the benefits of each indi-
vidual methodology and relate them to a specific design
problem, building, its climate and the context.

Building Performance Predictions

Interoperability between BIM-based design and simu-
lation tools can improve the workflow between design
documents and analysis applications, where informa-
tion contained in the models can be used for analysis
process as well. It is important to track what type of
information is needed for a particular analysis and how
effectively to use BIM to simulate design decisions. This
article reviewed best practices for data exchange be-
tween Revit platform and Ecotect environmental analy-
sis software through gbXML schema. Then, two case
studies have been reviewed that illustrate this process
in detail, analysis objectives, and results. The first case
study reviewed curtain wall energy performance for a
healthcare facility located in a mixed-humid climate and
daylighting analysis. The second case study reviewed
comprehensive analysis for an academic research
building, such as site context and shadow analysis, so-
lar exposure studies for different building orientations,
daylighting and glare analysis. Finally, recommenda-
tions have been identified that suggest future areas of
improvement for building performance predictions.
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Shanghai Fisherman’s Wharf Iconic Tower
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ABSTRACT

This article explores the various curtain wall fagade system solutions as developed for the Shanghai Fisherman’s
Wharf project’s iconic skyscraper. The high-rise tower comprises a curvilinear nautical shape, nicknamed “The
Fish” and is the main iconic identity of the large-scale mixed-use project. Cladding this morphic building shape
involved an intense exploration of 2D and 3D curtain wall facade systems in order to emphasize the overall
nautical theme of the project and add visual complexity and unique identity to the project. Exploration relied on
investigation of numerous options, aimed to achieve the desired visual impact and evaluated by our technical
team and external industry experts.

Curtain wall explorations comprised from relatively simple flat rectilinear 2D solutions to complex 3D projected
faceted patterns to form unitized modules arrayed over the curved fagade of the high-rise tower. This article
explores the visual design, technical complexity, cost implications and constructability issues over the different
stages of the project. It covers the curtain wall design process from concept design through construction docu-

ments, as it became impacted by City Code constraints and client-driven building program changes.

KEYWORDS: curtain wall systems; 3D facades; faceted geometries; curvilinear facades; unitized curtain wall

modules

1.0 INTRODUCTION

Curtain wall systems have evolved dramatically in the
past years to more complex and customized solutions,
driven in equal parts by design aspirations as well as
technical aptitude. Complex building geometries to-
gether with market forces and the aesthetic desire
for distinguished iconic architecture, merged with the
growing technical ability of the construction industry
to generate very unique solutions!. At the same time,
Building Codes, City Ordinances and environmental
constraints have become more stringent to address the
growing energy use considerations in the performance
of building facades, environmental awareness as well
as the building’s impact within its urban environment,
such as light-reflectivity issues.

1.1 The Shanghai Fisherman’s Wharf Project

The Shanghai Fisherman’s Wharf project is a major new
urban development aiming to revitalize a disused in-
dustrial portion of the HuangPu riverfront, once a heav-
ily industrialized shipping, commercial and warehouse
district. This is part of city wide efforts by the Shanghai
municipality to reactivate the river shore, upgrading
the flood-zone retaining-walls and providing intercon-
nected public access shoreline developments by link-
ing green-zones and park to the dilapidated industrial
riverfront. As part of the winning master-plan competi-
tion awarded to us, a high-rise tower was envisioned as
part of this development, to anchor the site visually on
the riverfront, provide identity to the development and
serve as a visual beacon on the skyline of Shanghai.
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Figure 1: Perkins+Will winning master plan design.

This winning master plan led to a second stage de-
sign also awarded to us, for the first phase of the de-
velopment. This consisted of a 48,680 square meters
(524,000 square feet) site with a mixed-use program
of retail, underground-parking, public amenities, pub-
lic park, shoreline marina, hotel and office spaces. A
curvilinear, abstract nautical design theme was set for
the entire mixed-use complex anchored by a gracefully
shaped skyscraper, 35-stories high and 160-meters
(525 feet) tall. The program of the high-rise was set as
a high-end office space for the lower half while the up-
per portion was set as a luxury boutique hotel.

The tower, a streamlined nautical shape, endearingly
nicknamed “the Fish” quickly became the architectural
challenge for our team. While from the initial competi-
tion stage of the design, it was approved and locked
into its overall streamlined sculptural shape, finding a
suitable curtain wall fagade solution was a major chal-
lenge. It was important for the project that the tower
have a unique skin to add marketing identity and to
visually distinguish it from the regular rectilinear facade
walls on the skyline. Maintaining the nautical emphasis
of the overall shape and adding visual complexity led to
multiple explorations of applicable 2D facades all the
way to complex 3D faceted pattern systems.

Technical impacts on the curtain wall solutions included
wind and earthquake lateral loads, constructability of fa-
¢ade units, patterns limited to unitized fagade modules,
assembly and installation restrictions, interstory drift as
impacted by lateral building movement, integration of
venting mechanical floors and mechanical louvers.

An added complexity to the fagade was brought on by
the client-driven program change of the tower occupan-
cy very late in the design process and after construction
started. The major shift in program involving the change
of the top half of the building to luxury residential apart-
ments forced dramatic changes to the permit-approved
building documents and approved fagade. Residential
code restrictions and requirements for dedicated balco-
nies, utility balconies, exterior utility pipe requirements
and dedicated individual mechanical rooms and vent-
ing prompted major changes to the fagade design.

On our Shanghai Fisherman’s Wharf project, we pur-
sued dozens of options, vetting them for aesthetic im-
plications and technical challenges. The team relied on
3D Studio Max, Rhinoceros (building shape) and Auto-
CAD as well as physical scale models to study detailed
curtain wall systems and their resultant visual impact
on the overall skyscraper design.

1.2 Code Constraints

Shanghai’s City Code impacts on the curtain wall so-
lutions included city zoning restrictions, environmental
building shadow implications over the neighboring resi-
dential zone, local ordinance reflectivity restrictions and
envelope energy restrictions as relating to the facade
glass and insulated wall ratios?2.

Local energy codes required incorporating efficient low-
e (low emissivity) insulated glass with a stringent solar
shading coefficient due to the hot southern climate of
Shanghai. At the same time, new zoning restrictions
limited the outbound reflectivity ratio of the glass to un-
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der 15 percent due to urban light-pollution concerns,
thus limiting our range of low-e glass we could use. Fire
Code required the fagade to have a 800mm (31.5 inch-
es) solid-wall separation between floors, which we could
either accommodate by aluminum panel cladding or an
insulated shadow-box spandrel. Shanghai Code restric-
tions of 70 percent vision glass to a 30 percent insu-
lated solid wall ratio, interpreted as glass shadow-box
spandrels in our case, had to be implemented. In the
permit phase, additional zoning constraints of limiting
the percentage of facade reflection (determined by sur-
face ratio of glass area) towards the northern residential
district forced inclusions of opaque aluminum panels
onto the facade module. New code restrictions also re-
quired natural ventilation options to the office floors as
well as ability to naturally flush out the entire floor-plates
in case of air contamination.

1.3 Tower Geometry and Program

The streamline shape of the tower consists of a simple
two dimensional extruded curve, trimmed in a gently
curved dynamic oblong form. The shape is oriented
north-south, with the flat side oriented south and the
long sides facing east and west making use of the views
up and down the HuangPu river and the dramatic new
city skyline of the PuDong district. To the north is an
older existing residential district tightly packed with
low-rise and mid-rise apartment blocks. Zoning Code
restricted the amount of shade that the tower could cast
over the neighborhood, so as not to deprive the residen-
tial units of minimum sunlight requirements. The shape
and height of the tower had to be adjusted numerous
times as part of the zoning permit process as zoning im-
pact and sun-shadow studies were developed, thus re-
ducing the overall tower to its present 160m (525 feet)
height. The south facing facade was densely screened
for solar shading.

The tower was initially programmed to have 14 floors of
office space, with a 4.3 meter (14.1 feet) floor-to-floor
span. The upper portion of the building was to have 16
floors of luxury hotel, with a 3.6 meter (11.8 feet) floor-
to-floor span. Auxiliary floors included hotel conference
and meeting room floors, mechanical, hotel sky-lobby
and a sky-bar restaurant level at the top. A large 16-sto-
ry atrium organized the hotel rooms on the southern
face, highlighting views to the south towards the river.
In a later phase, with the concrete foundation already
poured and extensive negotiations on building permits
completed, the client revised the program to luxury
residential apartments at the upper half and moved the
hotel to the lower half. At publication of this article, per-

mit documents for the new program and new fagade
are still being reviewed with the City Permit department,
and pending re-approval.

Figure 2: Tower geometry.
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2.0 CURTAIN WALL SYSTEMS: FLAT 2D AND
PROJECTED 3D SCENARIOS

From the competition phase, the tower was defined as
glassy and modern with a strong unique pattern to add
visual identity. A decision to stay with unitized curtain
wall solutions was important to control construction
quality and maintain a high-end appearance on the
tower facades?®. Double-facade systems were avoided
from the onset as too expensive for the project scope as
well as code restrictions on the amount of vision-glass
allowed.

For manufacturing efficiency and to limit the variations
in the unitized curtain wall modules, all solutions were
limited to uniformly sized flat pieces of glass and straight
aluminum mullions. The module was composed of
1500mm (5 foot) wide units that were equally spaced
arrayed along the curved perimeter of the fagade. The
curvature of the facade was resolved by slightly splaying
the unitized mullions at the vertical interlocking joints.

PARTIAL PLAN, LEVEL 1§

Our explorations of curtain wall fagade possibilities can
be broken down into two major groups, flat 2D and pro-
jected 3D modules. While flat 2D curtain wall modules
are simple technical solutions, finding a visually com-
plex pattern suitable for the building shape was a de-
sign challenge. However, projected 3D facades add a
technical complexity when applied to a high-rise build-
ing, where performance issues become critical®. In ad-
dition, due to the folding curvilinear shape of the tower,
the projected 3D forms of the curtain-wall would have
to resolve themselves back to flat 2D profiles at the can-
tilevered building edges in progressive graduated steps.

Six different fagade options are presented in this paper
as broad examples of the numerous curtain wall op-
tions studied as iconic skins for the skyscraper. Three
versions of flat 2D and three versions of projected 3D
facades are shown. At the time of publication of this
article, two separate options are pursued by the client
and negotiated with the City Permitting department in-
cluding one 2D facade and one 3D fagade option.

Figure 5: a) Flat 2D curtain wall; b) Projected 3D curtain wall; c) Gradated projection of 3D facade.
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2.1 2D Curtain Wall: Rectangular Option

The most straight forward application of a flat 2D cur-
tain wall module is in a typical rectangular arrangement
of glass and aluminum profiles. Our “Rectangular Op-
tion” explored a very flat skin effect, stretched over the
curvilinear form of the tower. Solid aluminum panels
were used to create a visually random looking pattern
on the fagade, to add aesthetic interest and to resolve
City Code requirements. This scheme was intended to
work equally well in an office program as well as a hotel
program. It also translated well into residential program
requirements. A major drawback was the lack of grand
panoramic views from inside the building due to the
very fragmented mix of opaque and vision panels.

Figure 6: Flat 2D fagade; Rectangular curtain wall option.
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2.2 2D Curtain Wall: Oval Option

One way to express the individual units that make up
the hotel and residential programs of the tower was
through emphasizing the repeating nine meter (29.5
feet) structural bay module. In this option, we chose
an oval pill-shaped, punched-window pattern within
the aluminum panel skin to express the modularity of
the program and maintain an abstract nautical expres-
sion for the tower. Incorporating recessed balconies
and mechanical louvers were also easy to achieve in
this scheme due to the powerful visual pattern. The city
code requirements for the fagade performance were
also easily resolved in this scheme.

Figure 8: Flat 2D fagade; Oval curtain wall option.
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2.3 2D Curtain Wall: Linear Ribbon

Incorporating strong linear patterns through the use
of ribbon windows within the aluminum panel skin
worked very well with the curvilinear shape of the tower
to accentuate its form. It added a dynamic and abstract
nautical expression with minimal technical complexity.
Window sizes of the stripes were varied to comply with
Shanghai zoning code by reducing building glass reflec-
tivity to the northside residential neighborhood as well
as to add variety to the facade. This option also allowed
easy inclusion of recessed balconies and mechanical
louvers without taking away from the overall streamline
shape of the tower. While this facade could be built in a
simple stick-system, to maintain quality, our team and
external curtain wall experts agreed that this should be
looked at as a unitized curtain wall system. For techni-
cal simplicity, lower cost basis, building-program flex-
ibility and visual aesthetics this curtain wall option was
a favorite with the Client and is one of two schemes to
make it to city permitting and contractor bidding phase.

Figure 10: Flat 2D facade; Linear ribbon window option.
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2.4 3D Curtain Wall: Shingles Option

Numerous 3D projected curtain wall options were ex-
plored to add visual complexity to the fagade. A simple
rectilinear glass and aluminum curtain wall system was
used to explore 3D options by tilting and slightly over-
lapping the units. Operable louvers were incorporated in
the concealed nested overlap to provide code-required
natural ventilation. However, getting this glassy scheme
to comply with Shanghai code requirements for opaque
walls and limitations on glass area would have required
substantial changes. Additions of solid panels and
shadow-box spandrels would easily compromise the
skin appearance.

Figure 12: Projected 3D curtain wall; Shingles option.
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2.5 3D Curtain Wall: Fish Scales Option

A much more complex curtain wall was to triangular-
ize the facade and stagger the 3D projections so as to
achieve a fish scale pattern. Solid panels and translu-
cent fritted glass were intermixed with clear vision pan-
els to further accentuate the shimmering pattern and
comply with code restrictions. To resolve this facade re-
quired unitized curtain wall module solutions. Obvious
technical difficulties in trying to resolve this option in-
cluded the fabrication of the sharp triangular shapes of
glass and structural mullions connecting at very acute
angles. Structural curtain wall complications were also
emphasized by the resulting staggered saw-tooth profile
at the slab-edge, thus incurring lateral inter-story drift
stresses. In high wind and earthquake conditions, as
the building sways sideways, the floor-plates would drift
slightly from vertical taking the curtain wall with it678.
The saw-tooth plan-profile at the slab-edge would make
the curtain wall resist such linear side movement (lat-
eral drift), thus causing the curtain wall to fail. Special
mullion detail connection at the sill would be required
to allow for this lateral-drift movement.

Figure 14: Projected 3D curtain wall: Fish scales option.
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Figure 15: Projected 3D curtain wall: Fish scales option.
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2.6 3D Curtain Wall: Faceted Diamond

A natural evolution of the “Fish Scale” facade option
was to simplify the geometry and eliminate the sharp
corners in the glass modules. To keep the flat faceted
glass pieces from needing to warp, the sides of the
triangular plan profiles had to be parallel. Three glass
types were envisioned to accentuate the triangularized
shimmer facade, one with translucent ceramic frit pat-
tern and one with a low-e coating having a high outer
reflectivity ratio to the typical tower low-e glass. In the
city permitting stage of approval, the fritted glass pane
had to be replaced by a solid insulated aluminum panel
to pass local zoning requirements restricting outer fa-
cade reflectivity. While the saw-tooth plan layout of the
sill-mullion would incur lateral inter-story drift stresses,
the curtain wall engineers felt confident that they could
resolve this in customizing profile details of the sill mul-
lions.

Figure 16: Projected 3D curtain wall: Faceted diamond option.
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This scheme was the preferred curtain wall option by
our client, infusing a visual complexity and uniqueness
to the fagade that would distinguish the tower on the
Shanghai skyline while technically feasible in the local
Chinese curtain wall construction market. Sustained
dialogue with local curtain wall fabricators made this
option realistically buildable for the client and their con-
struction consultants. The cost implications of this cur-
tain wall option, while not shared with our architectural
team, was within acceptable range for the client.

However, changing the building program from office/ho-
tel to a hotel/residential mix made this particular curtain
wall option difficult to resolve and expensive to justify. A
flattened 2D version of this scheme, which was previ-
ously explored but abandoned, quickly became much
more financially desirable. As a residential facade, in-
clusions of recessed balconies and mechanical louvers
were fairly easy to incorporate due to the faceted nature
of the facade.

Figure 18: Inclusion of aluminum panels in building facade.
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2.6.1 Flattened 2D Diamond Pattern

As a fall-back to the client’s preferred 3D projected
faceted diamond curtain wall, we also had to develop
a flattened 2D version of it. Overall, the visual impact
could be similar, though without the 3D angled layout
of the glass planes, the shimmering effect of the fagade
would not be achievable. Still, the much simplified
technical resolution and detailing of this scheme was an
attractive backup solution to the 3D fagade option. This
option became even more desirable once the tower
program was revised to include residential apartments.
Facade materials stayed the same as in the 3D version,
relying on the faceted geometry of glass and aluminum
panel layout to form the desired pattern. The unitized
curtain wall module gets simplified to a regular rectan-
gular unit. Without the projected 3D geometry, the sill
and head “tongue and groove” nesting of the unitized
modules was vastly simplified both structurally as well
as in performance requirements. Inclusions of recessed
balconies and mechanical louvers in this scheme would
be the same as in the 3D option.

Figure 20: Flattened 2D curtain wall version of the faceted diamond option.
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Figure 22: Developed first-phase design; Mixed-use site.

3.0 CONCLUSION

Creating unique curtain wall facades on a high-rise
building requires constant dialogue between design
aesthetics and technical solutions with heavy reliance
on feedback from the curtain wall fabricators and en-
gineers. In addition, solid and timely feedback on code
interpretations is crucial, especially when designing in
foreign countries and in sensitive urban environments
such as the Shanghai Fisherman’s Wharf site. Explora-
tions of 3D projected facades need to be grounded in
solid technical solutions particularly when dealing with
the stringent envelope performance and structural re-
quirements in tall buildings.

There are reasons why high-rise curtain walls tend to be
built the way they are, thus any innovations need to look
at the resulting technical and fabrication implications.
Intricacies in the envelope system module, that seem
easy to overcome on low-rise buildings, quickly become
major issues on a skyscraper and even more so when
the tower is already a complex 3D shape. Fabrication
methods and ease of standardizing the facade module
can have a serious impact on construction time and
costs.

On our particular project, the most difficult and time
consuming portion was in making alterations that would
address particular code, zoning and ordinance restric-
tions. Permit approvals was a very drawn out process
with constant options and sub-options needing quick
architectural studies. Navigating complex codes written
to address environmental impacts of previous genera-
tions of buildings needed constant negotiations to un-
derstand how they would impact our particular unique
project. Major obstacles in our case were overcoming
solar sun-shadow studies, glass reflectivity issues and
resulting building reflectivity onto the residential neigh-
borhood.
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STUDENTS OF TODAY AND TOMORROW:

Discovering How and Where They Learn Best
John Poelker, AlA, LEED AP BD+C, Jjohn.poelker@perkinswill.com

ABSTRACT

This article explores various educational theories, research and factors that can be correlated to or have an
impact on the physical spaces in which learning takes place. As school design and planning becomes more in
tune with the influences that affect education, the connection between physical space and the learning process
becomes more relevant. Drawing from sources such as recognized research on student learning habits and styles
as well as our own research regarding student social behavior and engagement we can begin to propose concepts
and design solutions that may help achieve the goals of education and most importantly, the goals of the student.

KEYWORDS: engagement, relevancy, involvement, technology, transferable

1.0 INTRODUCTION
“Schools cling more and more stubbornly to their mis-
taken idea that education and teaching are industrial
processes, to be designed and planned from above...
and then imposed on passive teachers and their even
more passive students.”

John Holt!.

Holt's statement above summarizes the educational
delivery model for American schools over the past fifty
years. Education was distributed and measured in the
same manner of our industrial economy in the post
World War Il era. Educational theory and practice has
since evolved and there are numerous approaches to
student learning that were not part of the educational
discussion fifty years ago. Is it possible to make cor-
relations between the new educational models and the
spaces in which learning is taking place? For architects
and school designers, it is important to make this cor-
relation. By highlighting a select number of educational
principles and examining the goals of these principles,
we can begin to propose designs that are responsive
and informed by the educational process.

Holt commented on relationships between education
and architectural spaces, “When we better understand
the ways, conditions and spirit in which children do their
best learning and are able to make school into a place
where they can use and improve the style of thinking
and learning natural to them, we may be able to prevent
much of the failure... that takes place in school™.

This article discusses a comparative analysis of learn-
ing styles and learning spaces. Perkins+Will embarked
upon a survey-based research project entitled “The
High School Project”, which was intended to gather
feedback and comments from high school students
across the country. It was decided that a focused study
of student life would potentially provide evidence about
how schools function and how students function within
them. One of the primary goals of the High School Proj-
ect is to determine, through various survey questions,
which environments students find most engaging and
why. The preliminary results of this survey have proven
to be very valuable. The content of the student respons-
es reflected many or our predictions about how the
physical environment affects the student experience
and provided insight into the specifics of how students
are using technology in today’s learning environment.
This research project sought to measure student en-
gagement, which is one of the most important aspects
in education. Many of the questions sought to reveal
something definitive about physical spaces that foster
engagement. How can we, as architects, take this infor-
mation and plan our new schools around these engag-
ing spaces?

2.0 MULTIPLE INTELLIGENCES: AN OVERVIEW

There are libraries filled with books and studies on child
psychology, educational trends and other topics related
to education and learning. Each author or group of re-



searchers have their own perspective on the issues and
propose a solution to a problem, an analysis or a new
concept. Among all of these publications, there exists
a shared fundamental idea that children are naturally
very good learners. Whether it is children’s limitless
curiosity, innate resilience or inexhaustible resource-
fulness, children’s natural ability to learn and learn in
many ways should be the dominant factor in education.

As described in the previous section, the schools and
educational concepts during the 1950's and 1960’s
were designed, built and functioned in ways that ran
counter to the notion that children learn naturally and
each in their different ways. A school comprised of
floors of identical corridors that lead to blocks of identi-
cal classrooms does not foster or support the varied
learning styles of children.

The ways in which children learn has been well docu-
mented and serves as a critical component to the school
design and planning process. A fresh idea in educa-
tional theory appeared in the mid 1980'’s with Gardner’s
publication of his book, Frames of Mind’. In this book
Gardner identified eight multiple intelligences that un-
like traditional educational theory, places a value on the
numerous ways in which students learn. Each student
sees the world in a different way and educational meth-
ods must respond to these various intelligences if they
are to be successful. “The capacity to think intelligently
is very different from knowing lots of information. ...
And here at last is where our multiple intelligences can
make their contribution ... Instead we can learn about it
in many different ways using our multiple intelligences
and that concept or topic is much more likely to remain
with us ... and to be usable in flexible and innovative
ways”?. This book and the core ideas behind Multiple
Intelligence (MI) theory began the movement towards
student-centered education.

A common misconception about MI theory is that cer-
tain people only possess some of the intelligences and
not others or that every person has a dominant intel-
ligence. Gardner is clear to point out that this is not the
case. Most people often display some level of aptitude
in all of the intelligences and a strong aptitude in a sin-
gle intelligence type may never develop.

The list of Gardner’s multiple intelligences is as follows:
1. Linguistic
2. Logical-Mathematical
3. Spatial
4. Intrapersonal
5. Interpersonal
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6. Bodily-Kinesthetic
7. Musical
8. Naturalistic (added in the mid-1990’s).

2.1 Learning Styles: Ways and Means of

Interacting

Gardner’'s multiple intelligences have also been de-
fined as learning styles, referring to the way someone
acquires knowledge. It is not focused solely on what is
learned, but how something is learned. Learning styles
are as much about interacting with the world as they
are the content of the interaction. Although we may be
capable of using all of the learning styles, most of us rely
on only one or two. As a result, we develop a specific
approach to learning based on our preferred learning
styles. The list is as follows:

1. Linguistic Learners have a unique relationship to
language, either in written or spoken form. Their
ideal vehicle for learning is reading, storytelling,
abstract thinking, etc.

2. Logical-Mathematical Learners perform best
when logic and reason are used to interact with
the educational process. Making observations,
analysis, hypothesizing and making judgments
based on information is their strength.

3. Spatial Learners prefer visual clues and imagery
to handle information. Painting, drawing and
sculpture are various means of acquiring knowl-
edge and providing an expression for the spatial
learner.

4. Intrapersonal Learners thrive in situations and
conditions where they are required to self-reflect.
Well developed reasoning skills and a height-
ened awareness of emotions are the strength of
this learning style.

5. Interpersonal Learners are the opposite of the in-
trapersonal. These learners thrive in groups and
when communicating with others. They have a
well defined sense of others’ feelings and per-
spectives and therefore thrive in the open group
environment.

6. Bodily-Kinesthetic Learnersfind learning through
physical movement as the most natural way to
acquire knowledge. The movement of the body
and exercise allows these learners to understand
situations and their responses are most clearly
expressed through their own movement.

7.  Musical Learners have the inherit ability to rec-
ognize rhythm and tone, patterns in speech, mu-
sic and other acoustic sources. Their preference
is to interact and respond in music, sound and
tone.
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8. Naturalistic Learners use their surroundings,
namely the environment and nature to learn
best. Their connection to nature allows them to
best recognize, categorize and deal with infor-
mation.

2.2 Multiple Intelligences: Putting the Theory to
the Test

Once MI theory became a widely distributed idea,
hundreds of teachers and educators began to imple-
ment the theory in practice in various ways. There are
countless examples of schools that applied the think-
ing to their educational approach, but the one school
that stands out is the Key Learning Community in In-
dianapolis, Indiana. The Key Learning Community
began in 1987 with their mission statement reading
“research and develop innovative practices in teaching
to celebrate diversity in our population and our com-
munities and to personalize education by building upon
each student’s strengths in the following intellectual ar-
eas: Linguistic, Musical, Logical-Mathematical, Spatial,
Bodily-Kinesthetic, Naturalistic, Interpersonal and In-
trapersonal”®. The school establishes MI theory for the
basis of their educational approach and the schedule is
organized so that each day each student is able to study
all of the intelligences. At this time there is no specific
research on the educational performance of students at
the Key Learning Community.

There have, however, been many research articles writ-
ten on the impact of Ml theory on education with two
studies of importance in particular. Project Spectrum
conducted a study from 1984 to 1993 that focused on
effects of MI-based curriculum on academically at-risk
first graders. A report released in 1993 by Chen stated
the following, “At-risk students although they perform
poorly in traditional academic areas, are not necessar-
ily low performers in all areas of learning”4. The author
continues to point out that identifying and nurturing the
strengths at an early age led to increases in student
motivation, productive social behavior and overall en-
gagement.

The second study [(Project on Schools Using Multiple
Intelligences (SUMIT)] was a national survey conduct-
ed from 1997 to 2000 that consisted of 41 schools that
applied Ml theory to its educational approach. A report
on this study indicated some promising statistics as fol-
lows®:

e 81 percent of schools reported improved student
discipline.

e 78 percent of schools reported improved aca-
demic performance by students with learning
difficulties.

e 78 percent of schools reported improved stan-
dardized test scores.

2.3 Principles of Learning

Reinforcing the importance of the learning styles identi-
fied above, educators and school planners have begun
to emphasize student-centered learning versus teach-
er-centered educational models. This trend focuses on
connecting events and learning in the school to real life
situations that students can easily relate to and identify
with. One of the goals of student-centered learning is to
be adaptive to various learning styles and, in doing so,
focus on comprehension and thinking versus memori-
zation and drills. Student-centered learning has signifi-
cant implications regarding the design of the physical
environment. In a student-centered classroom, the
teacher is no longer the focus of the room, but based
on the content of the curriculum, the students arrange
themselves accordingly. This translates into countless
learning environments that promote numerous learning
styles.

Student-centered learning relies on some key prin-
ciples. The International Academy of Education has
established a list of twelve Principles of Learning that
are widely referenced on the topic®. The principles are
intended to work in concert with one another, each sup-
portive of the next. They are as follows:

1. Active Involvement
Learning requires the active, constructive in-
volvement of the learner.

2. Social Participation
Learning is primarily a social activity and partici-
pation in the social life of the school is central for
learning to occur.

3. Meaningful Activities
People learn best when they participate in activi-
ties that are perceived to be useful in real life and
culturally relevant.

4. Relate New Information to Prior Knowledge
New knowledge is constructed on the basis of
what is already understood and believed

5. Being Strategic
People learn by employing effective and flexible
strategies that help them to understand, reason,
memorize and solve problems.

6. Engaging in Self-Regulation and Being Reflec-
tive
Learners must know how to plan and monitor



their learning, how to set their own learning goals
and how to correct errors.

7. Restructuring Prior Knowledge
Sometimes prior knowledge can stand in the way
of learning something new. Students must learn
how to solve internal inconsistencies and re-
structure existing conceptions when necessary.

8. Aiming Towards Understanding Rather Than
Memorization
Learning is better when material is organized
around general principles and explanations,
rather than when it is based on the memoriza-
tions of isolated facts and procedures.

9. Helping Students Learn to Transfer
Learning becomes more meaningful when the
lessons are applied to real-life situations.

10. Taking Time to Practice
Learning is a complex cognitive activity that can-
not be rushed. It requires considerable time and
periods of practice to start building expertise in
an area.

11. Developmental and Individual Differences
Children learn best when their individual differ-
ences are taken into consideration.

12. Creating Motivated Learners
Learning is critically influenced by learner mo-
tivation. Teachers can help students become
more motivated learners by their behavior and
the statements they make.

The principles of learning described above are based on
a culmination of theories, observations and research.
The intent of the research was to gain a greater under-
standing of student learning. As architects responsible
for the design of learning environments, we looked to
expand this type of research and begin exploring con-
nections between learning styles and learning spaces.

3.0 THE HIGH SCHOOL PROJECT:
STUDENT-CENTERED SCHOOLS: SURVEY AND

EVIDENCE-BASED DESIGN
We began the High School Project by first meeting with
a focus group of high school students. In our discussion,
we addressed the issues and topics that we intended to
cover with the survey. At that time it was unclear how
the research and survey would be administered, wheth-
er it would be conducted school-by-school or district
wide. The students in the focus group quickly identified
the means to reach the broadest audience would be by
establishing a web-based survey and creating a pres-
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ence on a social networking site such as Facebook. The
clear advantage to this method of distributing the survey
was the organic manner in which news about the survey
could be spread. This allowed the survey to take on a
life of its own beyond the students and schools we had
access to. The next phase of the research was to deter-
mine what questions the survey would include placing
a priority on student engagement and physical space
and the role of technology in the students’ school life.

There is precedent for this research, however, the fo-
cus of the existing research is on teaching techniques
and methodology. The most well published research is
what is known as HSSE, High School Survey on Student
Engagement, which was developed at Indiana Univer-
sity’s College of Education’. One of the taglines for this
research is “Charting the Path from Engagement to
Achievement”.

HSSE is a student research study that, as of 2005, had
surveyed 90,000 high school students in 26 states. The
findings of the survey indicate that the primary issue
with students and education today is engagement. A
2005 USA Today article on HSSE had the following in-
formation to report:

e 56 percent of students surveyed said they put a
great deal of effort into schoolwork.

e 55 percent of students surveyed devote no more
than 3 hours a week to class participation, but
65 percent of these students report getting A's or
B’s in their classes.

e 37 percent of college bound students reported
spending more than 7 hours a week on school-
work.

e 18 percent of college bound students did not
take a math course their senior year.

Another precedent of note is the 2002 21st Century
School Fund’s Building Educational Success Together
collaborative work, which commissioned the research
of the affect of school facilities on educational achieve-
ment. The research, in cooperation with the Council on
Educational Facility Planners International, sought to
review facility design and conditions with teacher and
student feedback. The report was issued in October
2009. The schools represented are from public school
districts all across the United States and share the com-
mon theme of better designed and better functioning
facilities have a positive impact on educational success
in many different forms.
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Table 1: Examples of research highlights.

Significant relationship between building condition and test scores. At least 75

percent of principals indicated that adequacy of school facility impacted teacher
attitudes, student behavior and parent and community attitudes and support.

National sample of public school principals

Approximately 1/3 of schools indicated that there was at least one factor that

interfered with their ability to deliver instruction to a moderate extent.

Design Elements (movement/circulation, daylighting, views)

Sample: South Carolina

Data Source: School Principals
Variables: Facility condition score
Results:

Sample:

Data Source: School Principals
Variables: Facility condition rating
Results:

Sample: Rural and Suburban Georgia schools
Data Source: Researcher observation
Variables:

Results:

test score results.

Our High School Project survey developed into thirty
five questions. The questions are divided into several
categories such as demographic information regarding
school size, community type, student academic perfor-
mance, etc. These questions begin to identify possible
similarities and differences between various student
populations. The remaining questions are divided
among four categories: Engagement, Facilities, Study
Habits and Trends.

The breakdown of questions as a percentage of the total
survey and sample of each is indicated below.

Demographics 26 percent

What type of community is your school located in:
a. Urban
b. Suburban
c. Rural

Engagement 17 percent
In a typical class do you find that you pay more atten-
tion during:

a. AV presentations

b. Lecture/marker board discussion

c. Group work

d. All types are equal

Significant effects found between high scores on all three design elements and

Facilities 43 percent
In a typical class do you prefer to sit:
a. Near the front of the room
b. Near the middle of the room
c. Near the back of the room
d. Near the window

Study Habits 9 percent
In conducting research for school projects how much
of the information you gather is via the school’s library:
a. 10 percent
b. 25 percent
c. 50 percent
d. 75 percent
e. 100 percent

Trends 6 percent

Do you post content (blog) on the web:
a. Yes
b. No

Because the primary goal of the research is to influence
school planning and design, the majority of the survey
consists of facilities-based questions. These questions
inquire as to how and why students prefer specific
spaces within a school versus others, which areas they
spend most of their time, which classes do they find
most interesting and what about those spaces stands
out.



Table 2: Some information from preliminary responses.

States Represented:

High Schools Represented:

Public 86 percent

Private 6 percent

Charter 8 percent

Question 15:

What Influences have lead
you to your decision about
a potential career path?

Question 23:

The media center/library
should be open the entire
day and the students
should be able to access it
during any free period they
might have.

Question 27:

How much of your work in
the school’s media center/
library is using the library
books:

Question 29:

In a typical class do you
find that you are more
engaged during:

Question 30:
If the resources of the
media center/library were

spread out throughout your

school in student lounges
would you use the books,
computers, peridicals:

7  GA,FL,TX,MO,WA,MN,OH
32
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44 percent respondents attend school with an enrollment of 500-1000

34 percent respondents attend school with an enrollment of 1000-1500

12 percent respondents attend school with an enroliment of 1500-2000

- A particular inspiring teacher

- A particular inspiring class

- Exposure to career-based
learning at school

- A work-study program

- An experience outside of school

- Agree
- Disagree

- 10 percent
- 25 percent
- 50 percent
- More than 50 percent

- AV presentations by teacher

- AV presentations by fellow
students

- Lecture/Marker board
discussion by teacher

- Group projects/discussion
with fellow students

- Indepedent work time

- More
- Less
- No change

31 percent of students responded
that they have an interest in a career
path because of a non-school related
activity or organization.

98 percent of students responded
that they would use the media center
if it were open to students throughout
the day.

The maijority of the students polled
(57 percent) responded that only 10
percent of their time in the media
center is spent using the books.

40 percent of students responded
that they feel most engaged during
group projects with fellow students.

68 percent of students responded
that they would use the media center
resources more if they were distrib-
uted throughout the school.
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4.0 TRANSLATING LEARNING INTO DESIGN:
CASE STUDIES

The twelve principles of learning are an excellent road
map to designing schools that promote students to en-
gage and interact with their peers, their teachers, their
surroundings and foster learning at the highest levels.
In many ways each principle acts as a design require-
ment above and beyond the basic function of a school
building. Examining the goals of the principles of learn-
ing and designing environments that respond to them is
the aim of student-centered design.

Active, social, engaging, transfer, individual, motivated;
are some of the essential characteristics from the list
of twelve principles of learning. Not surprising, many
of these words are action words and are associated
with doing something. They inherently describe cre-
ative hands-on environments. Evidence from research
is clear that learning involves many dimensions and
senses including thinking, moving, speaking, listening
and feeling.

Figure 1. Mattie Lively Elementary, Statesboro, GA, 2009.
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Goal: Active Involvement

Affiliated Learning Style(s): All learning styles
Methods: Foster cognitive activities, engage the learner
and create opportunities for exploration.

Response: More than any other goal, keeping students
actively involved is the most critical principle to success-
ful learning. The best means for achieving this goal is to
provide a variety of spaces for learning to occur starting
within a single classroom and extending throughout the
entire school. Classrooms can be many learning spaces
in one. As illustrated in the diagram below (Figure 1),
classrooms provide spaces for lectures, group work, lab
experiments, resource area and outdoor exploration.
Each of these spaces is interconnected to the activities
occurring in the adjacent spaces.



Goal: Social Participation

Affiliated Learning Style(s): Interpersonal,
Mathematical, Bodily-Kinesthetic

Methods: Provide space and opportunity for group work
and projects

Logical-

Response: Learning is primarily a social activity. Inter-
action and collaboration are a part of every student’s
life and, therefore, should be a part of their education.
The underlying success of social learning is that it is
interesting and exciting. If students enjoy the activities

Students of Today and Tomorrow

they are engaged in they will get the most out of the les-
sons being taught. Design that not only allows for group
work and collaboration, but celebrates the process and
the results, has tremendous effects on learning. In the
example below (Figure 2), a shared commons area is
embedded within each classroom cluster. The com-
mons becomes an extension of the classroom, it can
function as computer labs for one group, study area
for another or a meeting room for students from several
classes.

ENEnEEnsEwanan Y

Figure 2: Mattie Lively Elementary, Statesboro, GA, 2009.
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Goal: Helping Students Learn to Transfer

Affiliated Learning Style(s): Intrapersonal, Linguistic,
Spatial

Methods: Bring subjects from out of the classroom into
the classroom and vice versa

Response: Learning becomes more meaningful to stu-
dents when they can relate personally to the lessons be-
ing taught. Connecting one subject to another through
themes and experiences outside of the classroom be-

Figure 3: Mattie Lively Elementary, Statesboro, GA, 2009.

PERKINS+WILL RESEARCH JOURNAL / VOL 02.02

gins to develop an atmosphere of continual learning.
Not everything taught comes from the textbook and not
everything learned happens in the classroom. In the
example below (Figure 3), at specific locations within
the school, walls of the cluster commons are designated
with themes that may be related to coursework, student
projects, school wide activities, etc. The integration
of common space with educational topics through a
graphically charged surface, such as theme walls, il-
lustrates the power of transferred learning.




Goal: Developmental and Individual Differences
Affiliated Learning Style(s): Interpersonal, Spatial
Methods: Create various environments suited for spe-
cific student types and groups.

Response: Designing a school that meets the needs
for every individual learning type is challenging since
schools must be flexible and adaptable and meet the
needs of the specific program and curriculum. The
challenge of K-12 design is to create schools that meet
curriculum needs, provide specific types of spaces for
various learners, create opportunities for social en-
gagement and handle the increasing enrollment sizes.
Many of these challenges are met by the “School within
a School” model that breaks down the scale of large
schools into smaller learning communities. Within the
smaller communities, individual program and student
requirements can be addressed with an attention to
detail not possible at a school wide scale. This design

9TH GRADE AMCADENY

9TH GRADE RESTROOMS

OTH GRADE ADMIN — 1
1

Figure 4: Charles Drew High School, Riverdale, GA, 2009.
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model is most successful with large high schools serv-
ing a large student body with a wide range of academic
performance and goals. In the example below (Figure
5), a high school for 1850 students is divided among
two floors with four separate academic wings or hous-
es. These smaller learning communities include a 9th
grade academy that houses all the 9th grade students,
faculty and administration offices and a commons ex-
clusively for those students. The idea behind the design
is to provide a place that allows for nearly all academic
and social activities of the 9th grade within a smaller
community, thereby establishing strong engagement
among peers, faculty and administration. The other
three wings for the school may be programmed in vari-
ous ways, either continuing the academy structure with
10th, 11th and 12th or dividing the wings by depart-
ment and curriculum such as humanities, sciences and
math.

STUDENT BREAK OUT AREAS
AT EACH SHALL LEARMING
COMMUNITY

MUSIC WING
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4.1 Technology in Schools: The Equalizer

As mentioned in the introduction, technology has dra-
matically transformed this generation of students just as
it has the rest of our society. School-aged children are
among the most skilled users of new technology; they
are born into a life of technology.

This article does not intend to present a comprehensive
history of technology in education, nor does it attempt
to begin to analyze all the elements of education that
have been and will continue to be greatly influenced
by technology. One reason for this disclaimer is that
although computing and internet availability has been
widely used in classrooms in the US for nearly 15 years,
the volume of information being disseminated by tech-
nology is very difficult to grasp, let alone record and
analyze.

What can be said of technology in education is that it
has undoubtedly opened up a world full of potential and
possibilities to all who have access. For many students
around the country and indeed around the world, the
internet in the classroom has become the most power-
ful tool for learning, second only to the student’s mind.
In a pre-internet society, if one was to evaluate oppor-
tunities afforded to all students in all schools across the
US and the world, it would be very clear to see that two
cultures existed, “the haves and the have nots”. Inter-
net technology in the classroom has become, in many
respects, the equalizer.

From the standpoint of school planning and design,
current technology in education has created a need for
additional spaces that are dedicated to technology and
its distribution. Certainly every instructional space ben-
efits from technology whether it be desktops for student
use, projectors connected to cable television or access
to the internet. The task of integrating technology into
education is primarily a curriculum and pedagogical
challenge more so than it is a facilities challenge. How
teachers and students use technology to communicate
within the classroom and beyond is something that re-
mains to be seen.

Below are statistics on the use and accessibility of tech-
nology, specifically personal computers in the United
States in a six year period prior to the new millenniumé.

In 1993:

32 percent of school age children had access to a com-
puter at home

61 percent of school age children reported using a
computer at school.

In 1997:

50 percent of school age children had access to a com-
puter at home

71 percent of school age children reported using a
computer at school.

In 1998:

89 percent of US public schools had internet connec-
tivity

51 percent of classrooms had internet connections.

In 1999:
The US President’s State of the Union Address calls for
100 percent connectivity.

4.2 Teachers/Students: A Learning Environment
for Both

All of the educational theories and approaches dis-
cussed in this article have a common goal in that they
all work toward improving the quality of education and
the overall experience of the students. One of the no-
table effects of establishing student-centered education
is that it inherently redefines the role of the teacher. As
evidenced in many of the student survey responses
and research literature, student engagement is perhaps
the most critical aspect of successful learning environ-
ments. As seen in the case studies, student engage-
ment can be fostered, to a large extent, by the spaces
in which students spend their time. The same can be
said for teachers who teach in those spaces. Part of
a successful transition from teacher-centered to stu-
dent-centered education is the decentralization of the
teacher as the focal point of the classroom, the “sage
on the stage model”. This transition signifies a potential
paradigm shift in how education can be delivered. Even
when the physical environment does not change, there
is a fundamental difference in how students and teach-
ers interact, how students and students interact and
how teachers interact with one another. The following
diagrams illustrate how this shift could occur within a
facility that remains unchanged.

. TEACHER

STUDENT

* Figure 5: Adopting
the mentality of both
8 teacher and student
as learner creates new
+ opportunities for a truly
O ‘ collaborative educational

LEARNER ARADIGN experience.
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Figure 7: Student-centered education.

teachers and a true learning environment is created.
Although few schools have adopted this arrangement,
there are examples of spaces such as this that schools
can draw from as a resource. One such example is a
retail chain of technology stores.

The diagrams above represent an exciting potential
for what could be a powerful shift in educational deliv-
ery and the structuring of learning environments. The
static relationship between teacher and student trans-
forms into a fluid and dynamic setting where students
can teach one another, teachers can learn from other
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4.3 Student-Centered Learning: Using Technology

as a Clue from the Everyday

As discussed in the previous section, the current gen-
eration of students are techno-natives. The millen-
nial generation has grown up in an environment where
technology is ubiquitous and, therefore, information is
limitless. By combining the tenets of student-centered
education and the familiarity of technology-driven envi-
ronments, school facility design can begin to connect
with students in an entirely new way and likely engage
students who previously may have slipped through the
cracks. Project-based learning is a collaborative educa-
tional model where students learn through group and

individual work, theme-based projects, cross disciplin-
ary subjects and on projects that are relevant to them.

The advancements in technology over the past twenty
years has greatly expanded how project-based learn-
ing can be realized. There may be no better example
of project-based learning than the modern day Apple
store. On many levels these retail stores represent
what today’s learners are looking for: flexible and open
spaces, the ability to access web-based resources,
the opportunity to work independently, and access to
the metaphorical brain of the Apple store the “Genius
Bar” where experts in all fields of Apple technologies
await eager customers who need assistance. What is
described above is the operational model for how the

TRAINING |, CUSTOMER COUNTERS
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Apple store functions, which is very relevant to today’s
students. The planning model for the Apple store is also
very relevant to the architect designing schools.

Revisiting the concepts discussed in the previous sec-
tion about fluid and dynamic environments where ev-
eryone involved is a learner in some capacity, the Apple
store offers a glimpse of how this relationship might
work. There are designated teachers in the form of the
experts at the “Genius Bar”. These staff members and
their relationship to customers is similar to a traditional
classroom where a teacher imparts knowledge to a
group of students. There are training areas that provide
a location for customers to receive one-on-one support
with an employee, not unlike a teacher working with a
student in a tutorial role. There are several open areas
for display and browsing. It is in these areas that cus-
tomers are free to explore the products and inherent
technology that they provide. These areas represent
the closest example of collaborative project-based labs,
where students work independently or in groups and,
only if requested, does a teacher step in to answer
questions or provide guidance.

Below are plan diagrams, photos and renderings that
illustrate how the model of the Apple store can be trans-
lated to tomorrow’s learning environments.
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Figure 8: Apple store floor plan as reference for project-based learning lab (Case Study 1).
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Figure 9: Apple store floor plan as reference for project-based learning lab (Case Study 2).



Figure 10: Photos from various Apple stores.

Figure 11: Rendering of project-based learning lab.
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Figure 12: Diagram of project-based learning labs distributed school wide.



5.0 CONCLUSION

Collaborative, student-centered and project-based
learning has significant implications regarding the de-
sign of the physical environment. In a school that is or-
ganized around these principles, the teacher is no lon-
ger the focus of a room, but an active participant with
the students in a dynamic and fluid educational setting.
By creating engaging environments, schools can sup-
port multiple types of learning styles to take place in
spaces that are best suited for the learners.

Common to all ideas and topics discussed above is
the fact that students learn in ways that often appear
incongruous to a school environment. They observe,
experiment, practice and, in doing so, they bend and
break things, make mistakes and confuse things, com-
plicate and misinterpret things. In all of these actions,
children are open, receptive, bold, confident, excited
and patient. Kids learn with an incredible collection of
skills and talents. If schools can be designed to pro-
vide the time, the place, the opportunity and the reward
for these remarkable events of learning, then they will
make significant steps toward great education.
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ABSTRACT

Designing energy efficient buildings requires an understanding of the energy impact of design features and how
they interact with each other during the design process. This article outlines how and when an energy analysis
can be conducted including guidelines for what to expect in an energy modeling analysis and how to interpret
and understand the results. Guidance is provided in how to measure building systems and operations to align
actual building performance with expected results from an energy modeling analysis. This article also describes
several quick methods to do energy analysis at early design stages of the project. Resources are also provided to
assist design teams in understanding the relative performance of proposed building designs compared to other

similar building types in the industry.

KEYWORDS: energy, simulation, benchmark, design assistance, ASHRAE, GHG emissions

1.0 INTRODUCTION

Energy efficient and low impact building design contin-
ues to be a challenge as teams strive to predict actual
building performance for each hour of the day and for
all weather scenarios and operational schemes. Project-
ing how sequenced and demand-controlled mechani-
cal systems react to complicated geometry is required
to optimize how design features interact with each
other. For architects to be the most successful at en-
ergy-efficient building design, an understanding of the
basic principles of energy analysis is critical. This can
decrease some of the reliance on external consultants,
decrease time to analyze design options and facilitate
higher levels of quality assurance in efficient building
designs.

This article will examine the broad questions of when
and why energy analysis should be done, how the
analysis is conducted, what results are expected from
the analysis, what opportunities are available for align-
ing actual building performance with simulated and re-
sources on how to benchmark a building design.

The final area to be presented in this article is the out-
line of a quick energy modeling process. The process
is not software dependent and urges the designer to

develop an understanding of energy interplay and de-
sign impacts.

2.0 ENERGY MODELING SCOPE AND TIMING

It is important to first understand why an energy model
needs to be done, what results are wanted and then
craft the proposal call for the modeler to meet the proj-
ect needs. Some of the reasons to use an energy model
include:

1. Code compliance and/or estimating project en-
ergy use.

2. Early-stage model informing design or providing
design assistance.

3. Progress models during design to ensure the
project remains on track for energy or emission
targets.

4. Model submission for LEED or equivalent.

A general rule of thumb for energy modeling is the more
ambitious the project goals, the more extensive the en-
ergy modeling process. This tends to be because as
the project gains ambitious goals for energy efficiency,
energy conservation measures are designed to interact
with each other and associated calculations increase.



To understand scope of the analysis, the energy model
results should include information on the input data,
the annual energy used, breakdown of the energy used
by energy use type and per floor area, energy cost for
LEED point calculations and GHG emissions (overall
tons and per floor area).

2.1 Code Compliance or Project Energy Use

This is the basic level of energy modeling and it may
be required to demonstrate code compliance for per-
mits and/or to estimate the projected energy needs for
a project. A single energy model done at or near the
completion of design could be provided to demonstrate
compliance or estimated energy use for the project.

2.2 Design Assistance

Energy modeling can be used to inform the design pro-
cess and can include either a quick model at project
initiation, a concept-stage design assistance model or
iterative models analyzing energy conservation mea-
sures.

A quick model at the start of the project can provide
the order of magnitude project energy needs and review
basic design options. This can be done in several days
if the project is a simpler design or a couple of weeks for
a complicated project. The energy modeling input re-
quirements at this stage include a starting point for the
building envelope and basic system parameters. The
ASHRAE Advanced Energy Design Guides (http://www.
engineeringforsustainability.org/aedg.html) can provide
a starting point for the building parameters, as noted in
the “Energy Modeling Methodology” section. If detailed
modeling is required at a later date, it is likely necessary
to start a new model due to the general assumptions
made in the preliminary model.

Design assistance at the concept design stage can use
the initial building design model to evaluate design and
system options and can include:

e  Building orientation and shape.

e Envelope performance including insulation lev-
els, window-to-wall ratio (glazing percentage),
glazing performance and exterior shading de-
vices on various fagades.

e Mechanical system and lighting options.

e Various energy conservation measures (ECMs),
which can be reviewed and preferred groupings
assembled for an energy simulation to incorpo-
rate the interactions between the options. This
would form the basis of design and performance
for that phase of the project.

Energy Modeling Guidance

Typically, simulators will model the building systems
exactly as instructed by the designers, although exam-
ining envelope and system options is possible. If the
engineers and designers are not innovative, the project
will be designed as usual. An advantage of using energy
models is that they can be used to consider building
and system alternatives and then to inform the design.

2.3 Progress Models and Model Updates

Model updates during design can be carried out if de-
sired. If no significant changes are made during the de-
sign process, the need for updates is reduced. Model
updates can be made at the end of each of the design
phases like schematic design, design development
and contract documents (CD). It may be advantageous
to have the model updated toward the end of the CD
phase to verify that the project is still meeting energy
targets with time remaining for adjustment if necessary.
Sometimes project design intentions go astray as de-
signers fall back to old practices. Without some inter-
mediary updates, the LEED submission model results
may be a surprise.

2.4 Compliance Modeling for LEED Submission or

Equivalent

The energy model for submission to LEED or equivalent
must include information on the components, equip-
ment and systems installed. For example, the installed
glazing performance, the number of installed light fix-
tures and the horsepower of the fans installed are all
required. This detailed model will be reviewed by the
GBCI (Green Building Certification Institute) for accu-
racy. Early design assumptions are now verified. For
example, lighting at 1 W/ft> would be verified by fixture
counts. Therefore, estimates for the initial design as-
sumptions must be realistic and should be verified ear-
lier in the design process.

2.5 Proposal Call for Energy Modeling

The request for proposal for energy modeling services
should outline the scope required of the model(s), the
time frame for model results (i.e. at the end of sche-
matic design) and list the required reports and results.
The goals for the project should be outlined. Payment
for energy modeling services should be tied to the
completion of the various stages of the model. If the
energy model is done by, for example, the mechani-
cal engineering consultant and a model is required for
schematic design, the payment for schematic design
services should not be fully paid out until the model for
that phase is completed appropriately.
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The size and complexity of the project design are key
factors that can affect the length and effort of the mod-
eling process. For example, if all the floor plates are dif-
ferent sizes, this will generally require the modeler to
trace each floor plate separately, compared to a singular
floor plate that can be copied within the energy model.

3.0 ENERGY MODELING METHODOLOGY

Energy models are created to demonstrate compliance
with a code or standard, to consider the performance of
design options and to estimate the potential energy use
of a building. Energy codes and LEED use standards
such as ASHRAE 90.1 (Energy Standard for Buildings
Except Low-Rise Residential Buildings), IECC (Interna-
tional Energy Conservation Code) and California’s Title
24 to establish the minimum performance baseline,
generally by specifying the minimum performance of
components or equipment. A building performing equal
to the standard is referred to as the base case (or base-
line case or reference case).

The relationship between the various ASHRAE 90.1
standards is quite confusing. LEED V2.2 refers to the
2004 standard and LEED 2009 refers to the 2007
standard. The IRS Section 179D Code for Energy Ef-
ficient Building Tax Deduction refers to a baseline built
to the 2001 standard. The proposed 2010 standard is
said to be 30 percent less energy than the 2004 stan-

2010 ASHRAE Journal may assist in understanding the
changes in the ASHRAE 90.1 standard.

Figure 2, indicates the ASHRAE Board’s plans for fu-
ture development of the energy related standards. The
targets for the Advanced Energy Design Guides (AEDG)
and the new Standard 189.1 are net zero energy. The
clear trend is towards new buildings that use signifi-
cantly less energy. It is good practice to consider the
building’s energy performance on opening day rather
than just meeting the current minimum energy code
performance.

A building design often uses a combination of elements
that are not as outlined in the design standard, such as
using 50 percent glazing when only 40 percent glazing
is called for in the design standard. The energy model
of the building design, called the proposed case, is cre-
ated to demonstrate equal or improved performance
compared to the base case. The calculations for the
number of LEED energy points, obtained in Energy and
Atmosphere credit 1 (EAc1), will require a percentage
energy COST reduction compared to the base case.
The energy model is used to demonstrate the potential
performance of the proposed building.

The energy model can provide the following information
for various uses:
e  Energy Use - for energy benchmarking (kBTU/ft?

dard. The following graph, Figure 1, from the March or KWh/m2).
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Figure 1: Improvements in the ASHRAE 90.1 code over time. ©2010, ASHRAE (www.ashrae.org). Used with permission from
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Figure 2: Improvements in Standards, Advanced Energy Design Guides, and the ASHRAE Board of Directors Goals. Used with

permission from ASHRAE?.

e  Energy Cost - for LEED EAc1 point evaluation.
e  GHG Emissions - for 2030 Challenge and emis-
sion calculations (tons/yr or Ibs/ft?/yr).

In preparation for energy modeling, the goals for the
model should be clearly understood. Goals could be
either LEED Energy points with energy cost, 2030 Chal-
lenge, Energy Benchmarking in kBTU/ft? or a combina-
tion of these. The building and system design options
that are considered may not target all three of these
issues equally.

Typically, an energy model will be created for both the
base case and the proposed design case and the re-
sults will be compared. The “game” in energy modeling
is to make the base case perform as badly as possibly
while making the proposed case as good as possible
for the best percentage energy cost improvement while
abiding by the rules and guidelines for energy model-
ing.

3.1 Project Location and Weather

Weather station information in the form of a TMY (Typi-
cal Metrological Year) or similar file has weather infor-
mation for all 8,760 hours in a year. Each hour has, for

instance, dry bulb and wet bulb temperatures, humid-
ity, solar loads and cloud cover. The hottest and coldest
hours are not included so the simulation is not a design
load tool. The building operation is simulated for each
hour of the year. If a weather file is not available for
the exact project location, a representative weather file
should be used based on temperatures and heating/
cooling degree days.

Energy utility rate schedules are input so that the en-
ergy cost can be determined. (That energy cost is used
for LEED point calculation and not energy quantity.)

3.2 Geometry and Envelope Performance

Both the baseline and proposed cases will use the
same building shape so any benefit of building shape
will not be realized when the results are compared. En-
ergy saving benefits associated with building orienta-
tion are available when comparing to the ASHRAE 90.1
baseline case.

The building is divided up into zones that will act dif-
ferently from an energy perspective. Zones for a simple
office building might include the north, south, east and
west perimeter zones (perhaps 15ft deep), corner of-
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% of full load

fices and the office interior. Zones in a school might in-
clude the classrooms. The zoning of the building avoids
the sun on the south side of a building directly offsetting
a heat loss on the north side and creates more realistic
building loads.

The insulation values of the walls, roof and floor for
each zone are input with the construction factors such
as thermal mass. Glazing performance with insulation,
framing, solar transmission and visible light factors are
input with the orientation. Shading devices can be add-
ed. Often the energy codes have a maximum glazing
allowance of 40 percent of wall area. If the proposed
building has 50 percent glazing, the base building
would have only 40 percent glazing and the difference
is made up using wall construction elements. There-
fore, the additional glazing area may make an energy
target more difficult to achieve.

The glazing, wall, roof and floor performance for the
base building is dictated by the energy code or refer-
ence standard. The performance factors for the pro-
posed building originate with the design team. Energy
models done at concept and schematic design might
use estimated envelope performance factors. Models
done later in the design period should use the actual
calculated performance from the architectural details.

Changes in the design at later stages of the project can
result in a considerable amount of work for the energy
modeler as a lot of data in a large number of zones has
to be changed and inputs are not generally grouped for
easy alteration.

3.3 Internal Loads
Internal loads include the number of people, lighting
loads, equipment loads and the associated schedules

time of day

of usage/operation. Often design levels of ft%/person,
lighting W/ft> and plug load allowances in W/ft? are in-
put for the various uses in the building. Profiles or the
schedules of how these loads vary over the 24 hour
day for weekdays and weekends for the various build-
ing uses are entered. A project may have office, retail
and residential uses. Each of these different uses would
have different occupancy densities, lighting power den-
sities, load allowances and profiles. Whether the lights
in an area are on for 12 hours/day or 18 hours/day will
obviously use different amounts of energy. While the
number of people and plug loads would be the same for
both the base and proposed cases, the lighting power
for the base case is dictated by the energy standard
and the design informs the proposed case. Standard
profiles can be used for office, schools or other building
types and these may be acceptable for LEED and other
purposes. If actual kBTU/ft?/yr energy use is to be mod-
eled, more detail on actual usage profiles is required. A
typical office space occupancy profile and lighting pro-
file are shown below in Figure 3.

The profiles, or schedules of operation, are used to ap-
ply the internal loads in a building. For instance, in the
office occupancy profile above, it can be seen that occu-
pants arrive between 8AM and 10AM, some occupants
leave the office around lunch-time and then occupants
leave gradually from 5PM onwards. In contrast, the
lighting profile shows that the lights, once turned on, re-
main on for the course of the work day. Using schedules
to apply the internal loads helps to produce realistic an-
nual energy use numbers during simulation.

3.4 Mechanical Systems

The proposed mechanical systems for the building
zones are simulated in varying levels of detail. System
types such as VAV with reheat, fan coil or roof top units

% of full load

time of day

Figure 3: Typical office space occupancy profile and lighting profile for a certain day shown in the eQUEST interface.



may be used. Heating may be provided by gas, electric
or other sources. Cooling may be provided by a group of
chillers, direct expansion rooftop units or other systems.
The equivalent base building systems are determined
in the energy codes and standards by the type of pro-
posed system, energy sources and the project size in
the proposed case.

The performance parameters of the various systems are
input including horsepower rating of fans and pumps,
efficiencies of equipment and operating parameters.
Requirements for heat recovery and operating strate-
gies are also included.

Control strategies such as daylight control of lighting,
occupancy control of lighting and ventilation and others
can be considered initially or in individual studies.

3.5 Work-Arounds

Each of the energy simulation programs has standard
approaches to equipment types and operations. For
some innovative design approaches, simulation work-
arounds are necessary. For example, if a chilled beam
system were used it may need to be modeled as a fan
coil system with no fan energy. Each of these work-
arounds should be identified by the energy modeler.
Work-around approaches may require considerable
time and effort from the energy modeler, possibly with
feedback from the designers.

3.6 Quick Inputs

For initial quick energy models or starting points for
more efficient building designs, a summary or table of
the building and system input parameters should be
provided to the modeler. The team may consider us-
ing the performance tables in the ASHRAE Advanced
Energy Design Guides as a starting point. There are six
building type guides that are free and target a reduc-
tion of 30 percent energy cost compared to ASHRAE
90.1-1999.

3.7 Energy Conservation Measures (ECM’s)

Once the base and proposed case energy models are
built, a number of alternatives can be considered in-
dividually and assembled into different combinations.
This analysis can inform the early design so that deci-
sions can be made based on energy, comfort and cost
considerations. ECM’s might consist of:

e Different glazing performances or glazing areas,
e  Different wall and roof insulation levels.
e  Exterior shading options with or without daylight-

ing.

Energy Modeling Guidance

e Mechanical system types and efficiencies.

e Different energy sources, boiler efficiencies, and
chiller efficiencies.

e Different lighting levels and control strategies.

e  Heat and coolth recovery options.

The ECM’s can be reviewed and combined in different
ways to evaluate the interactions between the ECM'’s.
For example, a lower lighting power level may cause an
increase in the heating load.

3.8 Model Review

The review of the energy model by the architect will
probably not be a detailed review, but a few issues
should be considered:

e Do the results make sense? For example, the
lighting system did not change much from the
base case, but the lighting power is significantly
down — Why?

e Does the breakdown of energy per end use make
sense?

e Are the schedules used correct? Is the building
intended to be open 24 hours/day, but only mod-
eled as a typical 9AM — 5PM schedule?

e Are the project goals of LEED energy points, en-
ergy use target and/or 2030 Challenge target be-
ing achieved? If not, what improvements can be
made and at what cost?

3.9 Simulated Versus Actual Building

Performance
Energy modeling is a useful comparison tool for building
envelope and system options. To have the energy model
produce a reasonable estimate of the actual building
performance, a number of areas require more detailed
information than is typically used. These include:

e Detailed building occupancy loading and sched-
ules of occupancy including, for example, when
the janitors are working.

e Actual lighting loads, including task lighting and
incorporating in controls, if they exist. The ac-
companying schedules of usage for the lighting
are also needed.

e Actual equipment loading and schedules of how
they operate at night and on weekends. Plug-in
equipment like personal heaters, fans and addi-
tional computer equipment needs to be included
with schedules of use.

e Actual mechanical system operation such as
temperature set-points or control strategies.
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ASHRAE 90.1 (and other) energy modeling rules prior
to the ASHRAE 90.1-2007 Standard excluded process
loads (like a data room and similar loads) as well as ex-
terior lighting, elevators and similar. These loads could
increase the electrical energy use by 25 percent. In
the 2007 Standard, these loads are to be included in
the energy model. The trend is moving towards energy
model results getting closer to actual operating results.

The actual energy use in a building is influenced by the
building design, the building occupants, the building
operation and commissioning. Designers have control
over only some of these factors.

Energy codes using actual energy performance and
building operation labeling are becoming more com-
mon. Actual building energy use is becoming a major
consideration in the design and operation of buildings.

3.10 Overview of Selected Typical Energy

Simulation Software
Each energy modeling program has capabilities and
limitations. The following information provides a brief
outline of the capabilities of commonly used energy
modeling programs.

Trane Trace 700 and Carrier HAP: These energy analy-
sis programs were written by large international HVAC
system manufacturers. These programs are useful for
modeling conventional building designs and equip-
ment as provided by these manufacturers and for sizing
equipment. These programs do not respond well to new
and non-conventional design approaches.

eQUEST, EE4 and Visual DOE: These energy analysis
programs are based on Department of Energy (DOE)
engines or analysis approaches. Typically, these have a
broader range of mechanical systems that can be mod-
eled, but have a North American bias to systems and
envelopes that are considered. eQUEST (Quick Energy
Simulation Tool) and EE4 are free downloads.

IES Virtual Environment and TAS: IES and TAS are UK
based programs that have a broad range of capabilities.
A number of European approaches have been includ-
ed as well as more North American approaches. IES
now offers ASHRAE calculation protocols for the North
American market. Building heating and cooling loads,
effects of thermal mass and natural ventilation, day-
lighting, basic Computational Fluid Dynamic analysis
and energy modeling can be carried out. IES is becom-

ing more common in North America. TAS is similar to
IES but does not have as significant a market penetra-
tion in North America.

TRNSYS: TRNSYS is not commonly used for energy
modeling in North America. TRNSYS is a unique tool
that can analyze complex and interactive building sys-
tems that other tools cannot consider.

EnergyPlus: The Department of Energy has combined
a number of energy analysis tools into one. Building re-
searchers often work with this tool, however, few com-
mercial energy modelers use the tool as it is complicat-
ed. Efforts are underway to provide a windows interface
to the tool that could make it more easy to use.

Additional tools and resources are provided in Section
6.3 of this article.

4.0 DELIVERABLES FROM AN ENERGY MODELING
ANALYSIS

4.1 Report Overview

The energy modeling report should include all of the
critical information used to develop the model and the
required results. It is not sufficient to only state the an-
ticipated LEED energy points. The list of input informa-
tion is required to confirm that the model and design
data are in agreement. Verification of clear understand-
ing of the project is critical to the accuracy of the re-
sults of the model. The energy modeling report should
include:

e [Executive summary — key results of the energy

model.
Building description — location, uses and areas.
Energy goals for project — the Reference Energy
Code (i.e. ASHRAE 90.1 2007), the modeling
program used and the weather data used. Note
that various modeling software programs are
strong in some areas and weak in others. The
software selection should suit the project. At the
end of Section 3 “Energy Model Methodology”,
selected energy modeling programs are dis-
cussed.

e Summary table of inputs — for base case and
proposed case parameters including insulation
performance, glazing specifications, mechanical
system parameters, lighting power/daylighting/
occupancy and additional project features. An
example summary table is included later in this



section. Also included is an example from an
ASHRAE Advanced Energy Design Guide out-
lining similar program input data as an industry
example.

e [Fnergy conservation measures - ECM’s and pre-
ferred bundles of ECM’s. The ECM'’s are project
design options that the team wishes to explore.
They may include various envelope insulation
levels, glazing options for performance, area
shading and mechanical and electrical system
options. A description of the ECM’s should be
provided.

e Work-arounds — Work-arounds are needed when
the modeling program is only able to use one
type of system, but another is proposed. For ex-
ample, a chilled beam system may be modeled
as a fan coil system with no fan energy. This
work-around would be described so it can be
verified for appropriateness.

e Key assumptions — these should be highlighted.
Envelope data may be taken at, for instance,
R-20 as an assumption rather than detailed
takeoffs of construction details; lighting power
density may be assumed at 1 W/ft? rather than
from a detailed count of fixtures. These assump-
tions would change as more detailed project in-
formation is available. Energy models done in
the later stages of design should not be using
assumptions, but real project data.

e Fnergy usage results for base case and proposed
case with usage breakdown — including space
heating, space cooling, fans, pumps, lights, do-
mestic hot water (DHW) and plug loads. Results
are discussed in Section 4.4.

e Fnergy use, energy cost, and GHG emission pa-
rameters and emissions — Results are discussed
in Section 4.4.

4.2 Summary of Inputs
An example input summary table is shown in Table 1 for
the base case and proposed models.

Energy Modeling Guidance

For each of the assumptions made for the proposed
building design, the energy modeler should provide a
footnote that indicates the assumption and the source.
The sources for the utility rates used should also be
provided.

As a starting point for establishing envelope and system
performance factors for a lower energy building, the
ASHRAE Advanced Energy Design Guides are available
for consideration in some market sectors. The guides
are aimed at building performance that is 30 percent
less than ASHRAE 90.1-1999. Table 2 is an example
from the Small Hospitals and Healthcare Facilities Ad-
vanced Energy Design Guide*.

4.3 Work-Arounds

Due to modeling limitations, it is often necessary to cre-
ate a work-around method or calculation to determine
energy savings for a design component or system. The
work-around method should be discussed in the report
to enable the design team to review the methodology.
An example table of model work-arounds is shown be-
low in Table 3.

4.4 Energy Modeling Results

After the models are built and simulated, the proposed
design model is compared to the base case model and
results are compared by total and by end-use.

The model results can be entered into the LEED Energy
and Atmosphere Credit 1 (EAc1) forms with utility rates
to determine the energy cost savings. The energy cost
savings are used to determine how many LEED points
could be achieved through energy efficiency measures.

To help the design team understand the impacts of vari-
ous ECM packages and to review the models, it is useful
to create a visual representation of the savings by end-
use. An example comparison chart is shown in Figure
4 (on page 84) with results of energy savings and GHG
savings.
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Table 1: Example table of simulation

inputs with base case data from ASHRAE 90.1-2007°.

General Building Information PROPOSED _
Name: Project Name Project Name

Location: Seattle, WA Seattle, WA

Climate Zone 58 5B

Orientation of Plan North: North-West North-West

Total number of storeys: (above grade / below grade) 8 storey residential tower 8storey residential tower

Total floor area: 104,000ft2 (9,600 mzl 104,000ftZ (9,600 mz)

Footprint area: 13,000 ft* (1,200 m*) 13,000 ft* (1,200 m?)

Footprint aspect ratio: (specify orientation) 4.3 on the north-south axis 4.3 on the north-south axis

Space type(s): (include % breakdown) 100% residential 100% residential

Hours of operation: 24 hr light occupancy 24 hr light occupancy

Occupant density: 250 ppl total 250 ppl total

Floor-to-floor height: 10 ft (3m) 10 ft (3m)

Average size per unit, or by main unit type: 775 ft* (72m2) per unit 775ft1(72m2) per unit

Glazing Information W NE e sw T ww T we T s T ow ]
Window-to-wall ratio per face: 40% 40% 40% 40% 40% 40% 40% 40%
% of windows with horizontal shading (per face): 100% 100% 0%

Horizontal shading dimension (per face): 1.5ft 1.5t -

% of windows with vertical fin shading (per face):

Vertical fin dimension (per face):

Glazing assembly u-value (including frame): Double-glazed, low-E, reflective, with argon (U-0.32) U-0.55

Glazing solar heat gain coefficient (SHGC):

SHGC = 0.40, SC = 0.46

SHGC = 0.40, SC = 0.46

Envelope Information

Overall wall R-value:

R-24.5overall (R-19+R-5.5c.i.)

U-0.064 / R-15.6 overall (R-13.0+R-7.5c.i.)

Roof Type:

Green roof or high-reflectance

Insulation entirely above deck

Overall roof R-value:

R-41c.i.

U-0.048 / R-20.0c.i.

Skylight % roof coverage:

none

none

Quantity and dimensions of skylight assemblies:

Floor construction R-value:

U-0.057 / R-14.6 c.i.

U-0.057 / R-14.6 c.i.

Balconies:

Thermal break between floor slab and balcony

Continuous floor and balcony slab

Lighting Information

Targeted % lighting savings above baseline: 25% LPD=0.7 W/f(2

Lighting controls: Occupancy Occupancy

Daylighting controls: None None

Exterior % lighting savings above baseline: * 25% LPD = 0.2 W/ft’

Equipment Loads: " 0.75 W/ft’ 0.75 W/ft’

List additional equipment: none none

Design Conditions Heating Cooling —
Indoor design temperatures: (heat / cool) B 71°F / 22°C 76°F / 24°C 71°F / 22°C 76°F / 24°C

Thermostat set-back temperatures: (heat / cool) * 64°F / 18°C 82°F / 28°C 64°F / 18°C 82°F / 28°C

Humidity design conditions: * No mimimum humidity req. Max 50% RH No mimimum humidity req. Max 50% RH

Air System Information

System type: !

Fan coil units with integral heat recovery

Packaged Terminal AC / Gas-fired heating

Additional ventilation requirements:

30 cfm central and 80 cfm per unit

30 cfm central and 80 cfm per unit

Overall fan power efficiency: B

2.33 W/cfm (premium efficiency)

4.45W/cfm

Room Fan Operation:

Intermittent

Continuous, cycle when unoccupied to meet loads

Exhaust Air Heat Recovery? (Y/N)

Y

Other system features:

Plant Information

‘ Z

Heating plant type: !

Distributed heat pump system at 150°F, Backup gas boiler

Gas-fired boiler

Heating plant efficiency: B Gas boiler = 85% 80%

Variable speed pump control? (Y/N) Y N

Cooling plant type: ! Centrifugal chiller Air cooled split system
Cooling plant efficiency: " 0.6 kW/ton (20 SEER) 0.92 kW/ton (13 SEER)
Variable speed pump control? (Y/N) Y N

Domestic hot water heating type: B Heat Pumps (2/3), solar / gas-fired boiler top-up (1/3) Gas-fired boiler
Domestic hot water heating efficiency: ! 85% 80%

Domestic hot water use: (gal/person/day)

16 gallons/person/day (35% reduction)

25 gallons/person/day

Utilities

Seattle City Light:
Energy: $0.0459/kWh for 10kWh; $0.0955/kWh above (April-Sept)

Seattle City Light:
Energy: $0.0459/kWh for 10kWh; $0.0955/kWh above (April-Sept)

Electricity: Energy: $0.0459/kWh for 16kWh; $0.0955/kWh above (Oct-Mar) Energy: $0.0459/kWh for 16kWh; $0.0955/kWh above (Oct-Mar)
Puget Sound Energy: Puget Sound Energy:

Natural Gas: $1.04885/therm $1.04885/therm

Notes:

1. Baseline is ASHRAE 90.1-2007 and LEED 2009 unless specified otherwise.
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Table 2: Climate zone 4 recommendation table for small hospitals and healthcare facilities. Used with permission from

ASHRAE“.

Envelope

Lighting/Daylighting

HVAC

Roof

28X ADVANCED E NERGY DESIGN GUIDE FOR SMALL HOSPITALS ANDH EALTHCARE F ACILITIES

Item

Walls

Floors

Slabs

Doors

Vertical Fenestration

Skylights

Daylighting

Interior Finishes

Interior Lighting

Critical Care Areas

Central Air-Handling System

Climate Zone 4 Recommendation Table
for Small Hospitals and Healthcare Facilities

Component

Insulation entirely above deck
SRI

Mass (HC > 7 Btu/ft?)
Steel-framed

Below-grade walls

Mass

Steel-framed

Unheated

Swinging

Non-swinging

Total fenestration to gross wall area ratio

Thermal transmittance (all types and
orientations)

SHGC (all types and orientations)
Visible transmittance

Exterior sun control (S, E, and W only)

Area (percent of roof area)
Thermal transmittance (all types)
SHGC (all types)

Design the building to maximize
access to natural light through
sidelighting and toplighting:

- Staff areas (exam rooms, nurse
stations, offices, and corridors)

- Public spaces (waiting and reception)

Daylighted room interior surface
average reflectance

LPD

Light source system efficacy (linear
fluorescent and HID)

Light source system efficacy (all other
sources)

Lighting controls (general)

Daylight-harvesting dimming controls

DX air conditioner (> 240 kBtu/h
and < 760 kBtu/h)

DX air conditioner (> 760 kBtu/h)
Air-cooled chiller efficiency
Water-cooled chiller efficiency
Chilled-water pumps

Cooling towers

Gas boiler

Economizer

Fans

Zone airflow setback

Recommendation

R-30 c.i.
Comply with Standard 90.1*
R-13.3 c.i.

R-13 + R-7.5 c.i.
R-7.5c.i.
R-14.6 c.i.

R-38

R-15 for 24 in.
U-0.50

U-0.50

40% Max

U-0.29

SHGC-0.34
VT-0.69

Projection factor > 0.5

3% maximum

0.60

SHCG-0.40

Diagnostic and treatment block: shape the
building footprint such that the area within
15 ft of the perimeter exceeds 40% of the
floorplate

Inpatient units: ensure that 75% of the
occupied space not including patient
rooms lies within 20 ft of the perimeter
88% on ceilings and walls above 7 ft
50% on walls below 7 ft

1.0 W/t2 or space-by-space method using
values in Table 5-9 in EL13

90 mean lumens/watt minimum

50 mean lumens/watt minimum

Manual on, auto-off all zones except:
no auto-off in 24-h patient care areas
(patient rooms, nurses station, etc.)

Dim fixtures within 15 ft of sidelighting
edge and within 10 ft of toplighting edge

10.0 EER/10.5 IEER

9.7 EER/10.2 IEER

10.0 EER/11.5 IPLV

Comply with Standard 90.1*

VFD and NEMA premium efficiency
VFD on tower fans

90% E, at peak design heating water
temperature

Humid zones A: Not required

Dry zones B: Yes

Marine zones C: Yes

bhp < supply cfm x 0.0012+A,
NEMA premium efficiency motors

Yes

How-to Tips

in Chapter 5
EN2, EN11, EN13
EN1
EN3, EN11, EN13
EN4, EN11, EN13
ENS5, EN11, EN13
ENG6, EN11, EN13
EN7, EN11, EN13
EN8, EN11, EN13
EN9, EN13
EN10, EN13
EN15, EN17-18

EN14

EN14, EN23-24

EN14, EN25

EN16, EN21-22
EN26-31, DL5-6, DL20
DL13-16

DL18

DL19

DL1-20

DL1-20

EL1, DL14
EL13-31, DL1-19
EL2, EL3

EL4, EL5

EL7-11, EL15-32,
DL16

EL12, DL16

HV1, HV5, HV6

HV1, HV5, HV6

HV1, HV5, HV6, HV19
HV1, HV5, HV6, HV19
HV19

HV19

HV1, HV5, HV6, HV20
HV9
HV7, HV11, HV14,

Hv21
HV1, HV23
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Table 2: Climate zone 4 recommendation table for small hospitals and healthcare facilities. Used with permission from

ASHRAE* (continued).

Item

Central VAV Air-Handling
System

WSHP System

Non-Critical Care Areas

HVAC (cont.)

Fan-Coil and Chiller System

Ducts and Dampers

I
< Service Water Heating
n

*Note: If the table contains “Comply with Standard 90.1” for a component, the user must meet the more stringent of either the applicable edition of Standard 90.1 or the

local code requirements.

CHAPTER 3—RECOMMENDATIONS BY CLIMATEX 29

Climate Zone 4 Recommendation Table
for Small Hospitals and Healthcare Facilities (Continued)

Component

DX air conditioner (> 240 kBtu/h
and < 760 kBtu/h)

DX air conditioner (> 760 kBtu/h)
Air-cooled chiller efficiency
Water-cooled chiller efficiency
Chilled-water pumps

Cooling towers

Gas boiler

Economizer

Fans
Space temperature setback

WSHP < 65 kBtu/h

WSHP > 65 kBtu/h

Water pumps
Cooling towers/fluid cooler

Gas boiler

Economizer
Exhaust-air energy recovery in DOAS

WSHP fans
Other fans (DOAS, exhaust)

Space temperature setback
Air-cooled chiller efficiency
Water-cooled chiller efficiency
Chilled-water pumps

Cooling towers

Gas boiler

Economizer

Exhaust-air energy recovery in DOAS

Fan-coil units

Other fans (DOAS, exhaust)
Space temperature setback
Outdoor air damper

Duct seal class

Insulation level

Gas storage (>75 kBtu/h)

Gas instantaneous

Electric (storage or instantaneous)

Recommendation

10.0 EER/10.5 IEER

9.7 EER/10.2 IEER

10.0 EER/11.5 IPLV

Comply with Standard 90.1*

VFD and NEMA premium efficiency
VFD on tower fans

90% E, at peak design heating water
temperature

Humid zones A: Not required

Dry zones B: Yes

Marine zones C: Yes

bhp < supply cfm x 0.0012+A,

NEMA premium efficiency motors

Yes

Cooling: 12 EER at 86°F;

Heating: 4.5 COP at 68°F

Cooling: 12 EER at 86°F;

Heating: 4.2 COP at 68°F

VFD and NEMA premium efficiency
VFD on fans

90% E, at peak design heating water
temperature

Comply with Standard 90.1*

Humid zones A: 50% total effectiveness
Dry zones B: 50% sensible effectiveness
Marine zones C: 50% total effectiveness
0.4 W/cfm

bhp < supply cfm x 0.0012+A,

NEMA premium efficiency motors

Yes

10.0 EER, 11.5 IPLV

Comply with Standard 90.1*

VFD and NEMA premium efficiency
VFD on tower fans

90% E. at peak design heating water
temperature

Humid zones A: Not required

Dry zones B: Water-side economizer
Marine zones C: Water-side economizer
Humid zones A: 50% total effectiveness
Dry zones B: 50% sensible effectiveness
Marine zones C: 50% total effectiveness
0.4 W/cfm

bhp < supply cfm x 0.0012+A,

NEMA premium efficiency motors

Yes

Motorized

Supply and ducts located outdoors =
Seal Class A

Return and exhaust = Seal Class B

R-6

90% E;

0.81 EF or 81% E;

EF > 0.99-0.0012 x Volume

Pipe insulation (d < 1.5in./d>1.5in.) 1in./1.5in.

How-to Tips
in Chapter 5

HV1, HV5, HV6

HV1, HV5, HV6

HV1, HV5, HV6, HV19
HV1, HV5, HV6, HV19
HV19

HV19

HV1, HV5, HV6, HV20

HV9

HV7, HV11, HV14,
HV21
HV17, HV22

HV2, HV5, HV6

HV2, HV5, HV6

HV19, HV20
HV19

HV2, HV5, HV6, HV20
HV9

HV4, HV10

HV7, HV11
HV7, HV11, HV14

HV17, HV22

HV3, HV5, HV6, HV19
HV3, HV5, HV6, HV19
HV19

HV19

HV3, HV5, HV6, HV20

HV9

HV4, HV10

HV7, HV11
HV7, HV11, HV14

HV17, HV22
HV8

HV13

HV12
WH1-5
WH1-5
WH1-5
WH6



Figure 4 also includes the annual energy use intensity
numbers for both proposed and base case models.
This can assist in project benchmarking allowing for
comparison with industry norms or similar buildings.

Simple calculations for greenhouse gas emissions sav-
ings should also be conducted to inform the design
team. Two figures showing example greenhouse gas
emissions, per fuel source, are shown in Figure 5 for

Table 3: Example table listing work-around methodology for a
given proposed design feature.

Radiant heating and
cooling floors

Modeled as a 4-pipe fan coil
system with zero fan power.

Occupancy sensors Modeled by reducing lighting
power density by % as listed
in Appendix G of ASHRAE

90.1-2007.

Energy Modeling Guidance

the proposed design case and the baseline case. The
figure on the left represents the GHG emissions reduc-
tion using GHG emission rates per fuel source in British
Columbia®” while the figure on the right shows the GHG
emissions reduction using average GHG emissions
rates for the United States®.

In Figure 5, the scale for the tonnes of CO,e is different
for the two locations, British Columbia in Canada and
(average) USA. It can be seen that the emissions rates
are much higher on average in the United States than
they are in British Columbia. This type of results dia-
gram demonstrates how design decisions are affected
differently based on project location and GHG reduction
goals.

5.0 UTILITY METERING GUIDELINES FOR
BENCHMARKING

The most basic building performance data is for building
utility electrical, gas and water usage. A more detailed
breakdown can be helpful to verify building operational
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Annual Energy Use

Proposed

Reference

DHW Solar
4%

Hard Wired Lights

21%

Space heat gas
1%

Space heat elec

12%

Hard Wired
Lights

D iy

Space heat
gas
36%

DH;N% 85 ns Pumps o —Spa:re:eat
1% 5% 0%
Total (kWh/m2) 72 124
M Heating - Elec 9 0
M Heating - Gas 1 45
DHW - Elec 7 0
= DHW - Gas 5 28
DHW - Solar 2 0
= Cooling 10 10
B Pumps 4 1
™ Fans 1 2
Lighting 15 19
[ Plug Loads 18 18
Total Elec (kWh) 879,000 703,000
Total Gas (kWh) 81,000 1,007,000
Total Energy (kWh) 960,000 1,710,000
Total Cost S 73,000 | $ 97,000
Total Regulated Energy
Cost Savings* 30% Compared to ASHRAE 90.1-2007
Anticipated LEED points 9 Points according to LEED NC 2009
Total GHGs from
Electricityt (Ibs CO,e) 237,000 181,000
Total GHGs from Natural
Gastt (Ibs CO,e) 32,000 402,000
TOTAL GHGs
(tonnes CO,e) 122 265
GHG Savings 54%

*The cost savings is different than the energy savings, as the cost of electricity is much greater than the cost of natural gas.

t GHG emissions factor for Electricity: 0.287 Ibs CO ; e / kWh
+t GHG emissions factor for Natural Gas: 0.4 Ibs CO ; e / kWh

Figure 4: Results comparison for proposed and baseline models including annual energy utilization by end use, estimated LEED

points and GHG emission savings®.

84




Natural Gas

Tonnes CO.,e

Electricity
2 Electricity
0

Base Case Proposed Case

Energy Modeling Guidance

Natural Gas

Natural Gas

Tonnes CO,e
3
S
5

Electricity

Electricity

Figure 5: GHG emissions per fuel source for the proposed case compared to the baseline case. The figure on the left represents
the GHG reductions in BC, Canada while on the right, GHG reductions in the US.

energy and end use breakdown. Full “Measurement
and Verification” as per the LEED Energy and Atmo-
sphere Credit 5 (EACD) is often prohibitively expensive.

The following measures in addition to the base utility
meters should be provided and should be suggested to
the design team. When incorporated at the early stages
of the project, the additional cost is quite modest.

e Separate electrical panels (and risers where ap-
propriate) to serve on floor lighting and plug-in
power needs. It is important that the electrical
team does not make connections to any electri-
cal panel with spare space and instead connects
to the correct panel. This way, one meter can
measure all of the lighting or plug power in an
area. Plug power loads often consume much
more energy than anticipated.

e Monitor power to mechanical rooms with sub-
metering for chillers, related pumps and equip-
ment. Some metering may be included in con-
trol panels with BacNet or LON connectivity to a
Building Automation System (BAS).

e  Sub-meter gas loads in a building such as for a
kitchen.

e  FElevator loads, kitchen loads and exterior lighting
should be sub-metered.

e |nstall water meters on DHW, irrigation, re-
claimed water systems and makeup for cooling
towers and heating/cooling systems.

The meter readings should feed into the building au-
tomation system for recording of the data. Avoid new
data over-writing older data. An advantageous arrange-

ment with the client/owner would be that this utility
data would be available to us for collection. A number
of systems like Pulse Energy (being used in some of
our offices) can provide tracking of data with alerts for
abnormal energy or water usage.

6.0 RESOURCES

6.1 Benchmarking in Canada

The Canadian Green Building Council (CaGBC) has
started a green building performance program called
“Green Up” to track actual building performance across
the country, normalized for weather and other factors.
Results from the years 2005 and 2007 have been com-
piled for this pilot program and are available online at:
http://www.cagbc.org/initiatives/green_building_perfor-
mance/pilot_projects.php.

Charts showing commercial office buildings, adminis-
trative office buildings and K-12 schools are shown in
Figure 6, Figure 7 and Figure &°.

6.2 Benchmarking in the United States

In the United States, the US Environmental Protection
Agency and the Department of Energy have co-created
the Energy Star program offering guidance and tools for
energy efficiency. While the 2007 data is still being com-
piled, the 2003 Commercial Building Energy Consump-
tion Survey (CBECS) provides the national average for
building performance based on building type. This is
shown in Table 41°. Detailed breakdown of energy per
end-use type per building type are also available and
can be found at: http://www.eia.doe.gov/emeu/cbecs/
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Commercial Office Buildings 2005-2007 Weather Normalized Benchmark
57 Buildings (2,929,049 m2)
: | | |
. 2007 Median: 410.4 ekWh/m2
2005 Median: 422.8 ekWh/m2
= Change in Median: 2.9%
- Total Energy Savings: 2.4%
; GHG Savings: 4.2 kt
£l
E
: 2007
;; W 2005
u
,
-]
1]
»
-
»
=
i
i
0.0 100.0 200.0 300.0 400.0 500.0 600.0 700.0 800.0
ey 002 208 Total Energy Use [ekwh}ml) [} 2008 Canzada Green Building Council

Figure 6: Building performance benchmarking for commercial office buildings in Canada®. For reference, 100 kWh/m? is

approximately equal to 32 kBTU/ft?

Public Administration Office Buildings 2005-2007 Weather Normalized Benchmark
63 Buildings (1,064,477 m2)

| |
2007 Median: 343.5 ekWh/m2
2005 Median: 337.0 ekWh/m2
Change in Median: -1.9%

Total Energy Savings: 4.0%
GHG Savings: 3.4 kt

LIEET R

200.0 300.0 400.0

Total Energy Use [ekWh/m2)

500.0 600.0 700.0 800.0

900.0

m 2007
W 2005

[£) 2008 Canada Green Building Council

Figure 7: Building performance benchmarking for administrative buildings in Canada®. For reference, 100 kWh/m? is
approximately equal to 32 kBTU/ft?.
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K- 12 Schools 2005-2007 Weather Normalized Benchmark
114 Buildings (697,632 m2)

| | |
2007 Median: 191.6 ekWh/m2
2005 Median: 194.2 ekWh/m2
Change in Median: 1.3%

Total Energy Savings: 1.7%
GHG Savings: 260 tonnes

W 2007

N 2005

0.0 50.0 100.0 150.0 200.0 250.0 300.0 350.0 400.0

rev-003 0405 Total Energy Use (ekWh/m2) c) 2008 C2nzdz Gra=n Buiding Cauncil

Figure 8: Building performance benchmarking for K-12 school buildings in Canada®. For reference, 100 kWh/m? is
approximately equal to 32 kBTU/ft?.
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Table 4: 2003 CBECS national average energy benchmarking?®.

How to Use this Table:

e The building types listed in blue define a broad building activity category. Some of the broader building type categories are
broken down into more specific building activities.

e When identifying your building within this table, first identify where your building’s function falls within the broader blue
categories. Then determine if you are able to identify your building’s function more specifically by the white categories un-
derneath. Matching your building’s main use activities most closely with the building use descriptions below, will give you
the most accurate energy performance target.

2003 CBECS! National Average Source Energy Use and Performance Comparisons by Building Type

88

Average
Average Source Percent Average Site EUI
Building Use Description? EUI® (Kbtu/Sqft) Electric (Kbtu/SqFt)

Education 170 63% 76
K-12 School See Target Finder / Portfolio Manager

College/university (campus-level) 280 63% 120

Food sales 681 86% 225
Grocery store/food market See Target Finder / Portfolio Manager

Convenience store (with or without gas station) 753 90% 241

Food service 786 59% 351

Restaurant/cafeteria 612 53% 302

Fast food 1306 64% 534
Inpatient health care (hospital/ rehabilitation) See Target Finder / Portfolio Manager

Lodging 194 61% 87

Dormitory/fraternity/sorority

See Target Finder / Portfolio Manager

Hotel, Motel or inn

See Target Finder / Portfolio Manager

Mall (Strip Mall and Enclosed) 271 71% 107
Nursing/Assisted Living 255) 54% 124
Office See Target Finder / Portfolio Manager
Outpatient and health care 183 72% 73
Clinic/other outpatient health 219 76% 84
Medical Office See Target Finder / Portfolio Manager
Public Assembly 143 57% 66
Entertainment/culture 265 63% 95
Library 246 59% 104
Recreation 136 55% 65
Social/meeting 102 57% 52
Public order and safety 189 57% 90
Fire station/police station 157 56% 78
Service (vehicle repair/service, postal service) 150 63% 77
Storage/Shipping/Nonrefrigerated warehouse 56 56% 25)
Self-storage 12 44% 4
Non-refrigerated warehouse See Target Finder / Portfolio Manager
Distribution/shipping center 90 \ 61% | 44

Refrigerated warehouse

See Target Finder / Portfolio Manager

Religious worship

See Target Finder/Portfolio Manager

Retail (non-mall stores, vehicle dealerships)

191 67% 82

Other*

213 56% 104




Energy Modeling Guidance

2003 CBECS National Average Source and Site Energy Use and Performance Comparisons by Building Type

Notes:

I Commercial Building Energy Consumption Survey (CBECS), conducted in 2003, was used to calculate values presented in
this table. The data is gathered from the Dept. of Energy’s — Energy Information Administration (EIA). These are building
types that are not currently available in EPA’s Portfolio Manager.

2 Buildings Use Descriptions are taken from valid building activities as defined by EIA in the 2003 CBECS data. The average
Source EUI and Site EUI are calculated in kBtu/sqft as weighted averages across all buildings of a given type in the 2003
CBECS data set. The building type listed in blue is defined according to the CBECS variable for “Principal Building Activity”
(PBAS8) which is a broader defined category. The subset of building types listed below those broader categories are defined
according to the CBECS variable for PBAPLUSS. These are defined as a more specific building activity within the broader
PBAS8 category. Note all building type definitions can be found at: http://www.eia.doe.gov/emeu/cbecs/building_types.htm/

3 Source Energy is a measure that accounts for the energy consumed on site in addition to energy consumed during generation
and transmission in supplying energy to the site. Converting site to source energy: Source energy value are calculated using
a conversion factor for electricity of 1 kBtu site energy = 3.34 kBtu source energy; a conversion factor for natural gas of 1
kBtu site energy = 1.047 kBtu source energy; a conversion factor for district heat of 1 kbtu site energy = 1.40 source energy;
and a conversion factor for fuel oil of 1 kbtu site energy = 1.01.

Explanation of Source Energy: The source energy intensity target cannot simply be converted into an equivalent site energy value
because different design strategies may yield different fuel mixes. Thus the different fuel mixes translate into the corresponding
site to source ratios for a specific building. It is important to note that reducing source energy by 50% is not always mathemati-
cally equivalent to reducing site energy by 50%. For the most equitable peer comparison, the associated fuel mix should be used
to convert the modeled site energy into the total source energy. The source energy use can then be compared to the values in

this table.

4 Other: For all building types not defined by the list above, these buildings may choose to use the performance benchmark
categorized by “other”. Note that this category is not well defined therefore source energy use varies greatly with source EUI
ranging over 1500 kBtu/sqft. As categorized by EIA, “other” may include airplane hangers, laboratory, crematorium, data

center, etc.

6.3 Energy Simulation Software

Section 3.10 of this report listed and outlined capabili-
ties of some of the most common building simulation
software packages.

United States

In the United States, the Department of Energy main-
tains a list of building energy software tools including
whether the software is free for download and has been
recently updated. This list is available here:
http://appsl.eere.energy.gov/buildings/tools_di-
rectory/subjects.cfm/pagename=subjects/page-
name_menu=whole_building_analysis/pagename_
submenu=energy_simulation

The list of qualified software for calculating commercial
building tax deductions is also available through the
US-DOE website located here: http://www1.eere.energy.
gov/buildings/qualified_software.html

The building simulation research group at the Lawrence
Berkeley National Laboratory (LBNL) contributed to the
joint development of the EnergyPlus software and offer
tutorials and resources on the software available here:
http://simulationresearch.lbl.gov/

The National Renewable Energy Laboratory in Boulder
Colorado also offers a list of software and training re-
sources available here: http://www.nrel.gov/buildings/
energy_analysis.html

In addition to the above list, the USGBC also references
the US-DOE software tool list (mentioned previously).
The USGBC’s summary on energy modeling tools and
resources for LEED projects is available here: http://
www.usgbc.org/ShowFile.aspx?DocumentlD=3478

Canada
In Canada, the Canadian Green Building Council (CaG-
BC) provides direction on which software can be used
to demonstrate LEED compliance. Currently the list in-
cludes:

EE4

eQUEST

DOE-2

EnergyPlus

IES Virtual Environment

Hourly Analysis Program (HAP)
Trace 700
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In addition to providing energy model reviews for mod-
els created in the EE4 software, Natural Resources
Canada (NRCan) maintains a website for free simula-
tion software tools, available here:
http://canmetenergy-canmetenergie.nrcan-rncan.
gc.caleng/software_tools.html

7.0 QUICK ENERGY MODELING PROCESS —
CONCEPT DESIGN STAGE OR LATER

7.1 Introduction

Estimates of the energy and GHG performance of build-
ings are often needed at very early stages of the proj-
ect to inform the design and achieve ambitious goals.
Often a detailed energy model is not completed until
much later in the design process and the opportunity
to inform the design is lost. In conjunction with the
process outlined herein, early quick computer energy
models can be used to refine facades, system options
or other design features. This process can inform the
team about where work is needed or areas of interest.

The goal of this process is to quickly give the design
team a good idea of what the potential energy consump-
tion of a project is and the impact on GHG emissions.
More detailed studies on specific issues can then be
carried out with a detailed energy model confirming and
refining the work done to date. This leads to a much
more informed design process.

These quick energy estimates provide an important
benchmark in the design process, but should be fol-
lowed up by more conventional energy models.

A quick energy estimate can be done in an hour or so, if
necessary information is available and the project goals
are not overly ambitious. A half a day may be needed
if the project is examining more complicated building
geometry or HVAC systems.

There are a couple of methods to do a quick energy
model in an hour or so:

e Input Wizard and basic building shapes in soft-
ware like eQUEST (Quick Energy Simulation
Tool) or IES: VE-GAIA (Integrated Energy Solu-
tions: Virtual Environment — GAIA) or the Revit
Conceptual Energy Analysis Tool.

e Spreadsheet analysis based on previous energy
models or breakdowns.

1.2 Project Goals
The project team has to decide on the project goals.
The goals could include:

e LEED certification level and suggestion of level of
energy savings.

e Specific energy savings compared to the energy
code.

e  Specific energy use target — in kBTU/ft?/yr or
kWh/m?2/yr.

e 2030 Challenge GHG emissions for a specific
completion time (such as 2015).

7.3 How is a Detailed Energy Model Done?
Refer to Section 3.0 on “Energy Modeling Methodology”
for details.

7.4 Input Wizard Method

The Input Wizard work is carried out by an engineer, an
energy modeler or an ambitious architect using general
building shapes. Data like 5 floors at 12 feet floor-to-
floor spacing, 50 percent glazing with a certain enve-
lope performance, lighting power density, mechanical
system inputs and standard operating schedules gets
to a quick answer on potential energy use. By using
the parameters for the local code or ASHRAE 90.1, the
base case for energy use can be modeled. Options for
different glazing, exterior shading, lighting levels or ba-
sic mechanical systems can be considered. If the team
is familiar with the code insulation, glazing and system
parameters a couple of energy models can be run in
about an hour.

Some software providers claim that early stage Sketch-
Up and BIM models can be directly imported into the
software in order to allow light-weight intuitive energy
modeling. One such software is IES VE-GAIA. The new
Revit Conceptual Energy Analysis tool may allow archi-
tects to quickly convert conceptual design models into
analytical energy models and conduct integrated whole
building energy analysis within Autodesk Revit Archi-
tecture 2011.

Figure 9 is the 3D output from the quick model for
a simple office building (eQuest). Note that exterior
shades have been added to the west glazing and not to
the north glazing. Table 5 shows the energy use output
from the quick energy model.



Figure 9: 3D output from a quick model for a simple office
building.

7.5 Spreadsheet Analysis

Starting Point

A basic energy performance breakdown is required for
the type of project being studied. The energy model
base case from a similar project in a region can be used
as a starting point for the quick analysis. If the total en-
ergy use in kBTU/ft? is known or estimated, a represen-
tative end-use breakdown can be estimated.

Table 5: Energy use output from a quick energy model.
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An example office building in Vancouver, BC is evalu-
ated below that has ASHRAE 90.1- 2004 as an energy
code requirement.

Develop the Data

As an example, the following data outlines some en-
ergy use for an office building by end-use group. These
are example numbers only. The main end uses such
as heating, cooling and others can then be subdivided
to assist in analyzing the alternative design options.
Generally, this data is not easily available to architects
unfamiliar with energy models. An energy modeler can
review the model output files on similar projects to ob-
tain the breakdown. No two projects are exactly alike,
but it will give a starting point. If this is not available, a
quick eQUEST model could produce the data.

Consultants can be put on the spot to provide estimates
of the breakdown of energy into the groups and the
sub-groups. In the example Table 6, the mmBTU/hr for
gas usage has been converted to kWh/yr.

Each of the main groups of cooling, heating, lighting
and fan/pumps can next be broken down into sub-
groups for analysis.

Gas Consumption (Btu) |

{x000,000)
120
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&0
40
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Jan Feb Mar apr May Jun Jul Aug Sep Oct Nov Dec
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=
[

Space Heating
Refrigeration

Heat Rejection
Space Cooling
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Electric Consumption {kWh =000}

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nowv Dec Total

Space Cool 313 3.1z 4.09 4.36 5.75 7.56 10.59 11.57 5.77 3.57 3.38 343 89,92
Heat Reject. 0.00 = 0.0z 0.05 0.20 0.32 0.65 0.76 049 0.0z 0.01 = 2.55
Refrigeration - - - - - - - - - - - - -
Space Heat

HP Supp.

Hot Water - - - - - - - - - - - - -
\Vent, Fans 1.36 1.z20 146 1.33 1.44 .00 221 2.28 1.73 1.2z 1.26 1.37 15.87
Purnps & Aux, 3.06 3.06 3.74 3.62 345 3.92 4.03 4.26 3.83 3.25 3.23 3.38 42.82
Ext. Usage - - - - - - - - - - - - -
Misc, Equip. 7.23 711 §.49 8.13 7.55 8.13 7.86 g.18 7.2 7.55 7.50 7 .86 93.39
Task Lights - - - - - - - - - - - - -
Area Lights 13.94 13.87 16.73 16.00 14 .64 16.00 15.33 16.03 15.51 14 .64 14.61 15,35 18245
28,72 28.36 3452 3349 3303 37.93 4099 4338 3796 3024 2999 31.37 409,99
Gas Consumption (Btu x000,000)

Jan Feb Mar Apr May Jun Jul Aug sep Oct Moy Dec Total

Space Cool - -
Heat Reject.

Refrigeration - - - - - - - - - -
Space Heat 104.15 62,24 60,01 23.68 1.35 1.65 14 .52 76,09 11043 45443
HP Supp. ° ] ° ] ° ] ° ° ° ° ° ° °
Hot Water 5.53 5.55 =1 6.30 5.58 5.581 5.39 549 5.25 5.16 5.34 5.62 67,68
Vent, Fans ° = ° = ° = ° ° ° ° ° ° °
Purmnps & Aux,

Ext. Usage

Misc. Equip.

Task Lights

Area Lights - - - - - - - - - - - - -
10968  67.79  66.67  29.98 6.93 5.51 5.39 5.49 690 1998 8143 116.25 522.30

e The cooling load is broken down into solar load
through glass, heat gain from walls and roof,
ventilation and other internal loads.

e The heating load is broken down into envelope
heat loss and ventilation load.

e The fan and pump energy are also separated.

The quick eQUEST model can provide the breakdown
of, for instance, heating energy using the LS-B, LS-C
and LS-D pages in the results “Detailed Output Simula-
tion” file. A chart showing the heating energy break-
down for an example office building in Chicago is shown
below in Figure 10.

The heating energy breakdown for the example office
building in Chicago shows that most of the heating en-
ergy is used to heat the outdoor air and offset the win-
dow and frame losses. The breakdown will provide an
indication of which energy conservation measures will
achieve the most energy savings.

The following breakdown figures are for example only
and are not figures to use for every project as regional
differences and building uses will vary. It is advisable to
work with the consultants to generate these figures (and
there will probably be some discomfort for the first time,
as designers often do not think in energy use terms).

Table 6: Energy use estimates and breakdown. Note that the following data represents the baseline case using inputs from the

ASHRAE 90.1-2007 Standard?.

Cooling 200,000

Heating 4,800
Lights 600,000

Misc Equipment 500,000

Fans & Pumps 650,000

DHW 250

TOTAL

200,000 5.8%
1,406,740 41.0%
600,000 17.5%
500,000 14.6%
650,000 19.0%
73,270 2.1%
3,430,000 100.0%



Table 7 (on page 94) shows the sub-groups and the
energy for each is expressed in terms of base building
energy use.

The potential savings for various energy conservation
measures are then considered and discussed. Esti-
mates of each of these options are made. The percent-
age reduction of each option is provided and the effect
and the resulting percentage of building energy use for
that option is determined as seen in Table 8 (on page
94). Some options, like the lighting, are cascaded. The
daylight saving only operates on the lower lighting pow-
er proposed, not the base load.

These quick methods are used to get a good idea of
what the energy use or percentage of energy savings
might be for some global design options. Often a de-
tailed energy model could take weeks to complete and
this may be too slow for the design process. The results
of this quick analysis should be confirmed by more
complete energy models.

7.6 GHG Emissions

The preceding energy use data can also be used to cal-
culate GHG emissions. Using the emissions rate for the

250

200

150

100

Heating Load (kBTU/h)

50

Wall Roof

o
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Vancouver region, electricity is about 25 tonnes/GWh
and gas is about 178 tonnes/GWh®’. The summary data
from Table 9 can be seen in Table 10.

The GHG emissions rate for electrical utilities varies sig-
nificantly. Regions with mostly coal fired power can be
in the 900 tonnes/GWh range, regions with a blend of
nuclear and coal may be in the 600 tonnes/GWh range
(near the USA average) and West Coast regions with
hydro-electric power can be in the 20 to 80 tonnes/
GWh range.

7.7 Summary

The quick energy modeling processes presented are
not a replacement for detailed energy modeling, but can
provide guidance quickly and early in the design pro-
cess. The concepts used in this process are also effec-
tive for generally reviewing the results of energy models
to see if they are operating correctly. The spreadsheet
process has been used in the concept stages of a num-
ber of projects and the results have been within a few
percent of the final energy model results.

Window Infiltration Outdoor Air

Figure 10: Heating energy breakdown for an example office building in Chicago, IL.
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Table 7: Sub-divide energy uses into sub-components.

Main Group % Bldg Energy  Sub Group % Group % Bldg Energy
Cooling 5.8% Glazing 30% 1.75%
Skin 10% 0.58%
Ventilation 20% 1.17%
Internal 40% 2.33%
Heating 41.0% Skin + Glazing 60% 25%
Ventilation 40% 16%
Lights 17.5% 100% 17%
Misc Equipment 14.6% 100% 15%
Fans & Pumps 19.0% Fans 55% 10%
Pumps 45% 9%
DHW 2.1% 100% 2%
TOTAL 100%

Table 8: Sub-divide energy uses into sub-components.

Energy Conservation Measures % Reduction % Bldg Energy
Provide exterior shading to reduce solar cooling load by 40% 1.05%
Provide better glazing and wall insulation - cooling reduction of 30% 0.41%
Reduce lighting load by 25% - internal cooling load reduction of 40% 1.40%
Provide better glazing and wall insulation - heating reduction of 30% 17.23%
Provide ventilation heat recovery - heating reduction of 50% 8.20%
Reduce lighting load by 25% - lighting power reduction of 25% 13.12%
Daylight control on perimeter - 35% of area, 30% reduction 10.5% 11.74%
Occupancy control for lighting - lighting power reduction of 10% 10.57%
Minimum vent system like chilled beam - fan power reduction of 70% 3.13%
Low air pressure fan system - fan power reduction of 40% 1.88%
Low pump head design - pump power reduction of 30% 5.97%
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Table 9: Energy conservation measures are applied to the energy sub-components.

Cooling 200,000 200,000 5.8% 4.0% 138,000 31%

Heating 4,800 1,406,740  41.0% 25.4% 872,180 38%

Lights 600,000 600,000 17.5% 10.6% 362,480 40%

Misc Equipment 500,000 500,000 14.6% 15% 500,000 0%

Fans & Pumps 650,000 650,000 19.0% 7.9% 269,100 59%

DHW 250 73,270 2.1% 2% 73,270 0%

TOTAL 3,430,000  100.0% 64.6% 2,215,030 35%
Table 10: GHG emissions for the example scenario.

Electricity 1,950,000 49 1,269,580 32

Gas 1,480,000 264 945,440 170

TOTAL 3,430,000 313 2,215,020 201

36% GHG reduction

8.0 CONCLUSIONS torical weather files and appropriate usage patterns and

In achieving energy-efficient building design, metrics
for understanding the impact of specific design features
are needed. Without some frame of measurement, the
economic and environmental impacts cannot be gauged
but only estimated and the risk of using high-cost and
low energy savings design features is increased. The
timeframe for using energy analysis tools is associated
with when the design features are being considered. At
very early design discussions, a simple energy model
can give an estimate of the project energy needs and
review basic design options. As the design progresses
to conceptual stage, quick energy modeling can assist
in evaluating design and system options or added en-
ergy conservation measures. Revising the quick energy
model at the late stages of design (i.e. design develop-
ment) can help ensure the project is on track for energy
performance before the final LEED compliance (or simi-
lar rating system) energy model.

Energy modeling analysis is conducted on proposed
building designs using code-guided assumptions and
detailed building inputs, actual building geometry, his-

internal loads. Project teams provide insight into the
proposed mechanical system design and other project-
specific parameters. As energy analysis software is
generally limited, an experienced energy modeler can
simulate a proposed building design by either manipu-
lating the software within the limitations or using exter-
nal analysis tools to compliment the software analysis.
A review of the energy analysis is necessary to avoid
unrealistic results or bypass software errors.

After energy analysis has been completed on a pro-
posed building design or after the building has been
constructed and is operating as normal, the building
performance can be measured in comparison to other
similar buildings to determine relative performance. In
the United States, the Energy Information Association
produces the Commercial Building Energy Consump-
tion Survey. In Canada, the Canada Green Building
Council has developed a pilot program to compare
Canada’s Building Performance by building sector.
To assist in ensuring that the building operates as de-
signed and as predicted, measurement devices can be
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provided that help identify changes in operation or un-
expected loads.

Several methods for early-stage quick energy modeling
and analysis were presented as an alternative to waiting
for the final compliance energy model to estimate build-
ing performance. Quick analysis tools, such as eQUEST
or the demonstrated spreadsheet analysis, may be used
to evaluate design decisions and predict energy use or
GHG emissions. In contrast to a final and detailed en-
ergy model, quick energy analysis can be conducted
within a few hours to a few days providing prompt feed-
back to design teams.
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ABSTRACT

The natatorium environment is one of the most challenging environments to design and build in northern cli-
mates. This is due to the large swings in levels of humidity and temperature between interior and exterior condi-
tions. The challenge remains how to balance the interior pool environment, requiring a consistent temperature
and humidity level with the exterior; while taking into account the atmospheric by-products of chlorination.

This article reviews the predominant elements present within the pool environment. It discusses elements that
cover a broad range of pool related design issues and explores considerations to be aware of when designing a
natatorium and its interfaces. The discussion will first define the basic elements within the pool environment that
must be understood, air temperature and humidity, air quality and movement and air pressure. The remainder
of the article will cover a broad range of pool-related design issues and explore considerations to be aware of
when designing a natatorium and its interfaces. Some of the factors that should be considered during the design
phase of a project include the functionality of the mechanical system, the ratio of solid to void in the exterior
skin, massing of the pool volume, curtain wall and glazing, finishing materials (interior and exterior) and their
durability and control of the vapour migration and roof and ceiling finishes. All will have an impact on decision
making. The intention of all decisions is to create an enduring enclosure that provides comfort and recreation to
its patrons.

KEYWORDS: air vapour barrier, air handling systems, chloramines, envelope design

pool environment. Any decisions regarding the exterior
envelope, interior materials, glazing, roofs and ceilings,
volume orientation and structural materials must be
considered in relation to the overall pool environment
for compatibility. When these items have been thought-
fully considered, we have a better understanding of the
functioning of the pool and its limitation and the pos-
sibilities of the natatorium typology.

1.0 INTRODUCTION

One of the most important elements that we first look
at when we begin a project is the environment. We ex-
amine the context, site, the weather patterns, views and
vista, circulation and a localized characteristics. All to-
gether this information provides us with the knowledge
that will inform the design process.

When developing a natatorium the approach is similar.

By examining the composition of the pool environment,
air temperature and humidity, air quality and movement
and air pressure, we can establish the type of environ-
ment within which we are working.

When the environment is known, we begin to design
the necessary elements that will physically generate the

2.0 RESEARCH CONTEXT AND PAST STUDIES

The basic elements contained within a natatorium are:
pool(s), deck, slides, change rooms, monitoring, patron
viewing, saunas, whirlpools and spray features. All of
these items contribute to the functionality and patron
experience within a pool. The factors that affect condi-
tions include air temperature and relative humidity, air
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movement and air pressure. These elements are im-
pacted by the large swings in external temperatures to
which the pool environment must adjust to maintain its
operation balance. The following sections review con-
siderations for interior natatorium environments.

2.1 Air Temperature and Humidity

The air temperature of the pool environment needs to
be set higher than the temperature of the pool water
to prevent condensation occurring on interior surfaces.
Typically, it is set to be two-three degrees warmer than
the water temperature and is typically designed to be 77
degrees F for competitive pools to a warmer 94 degrees
F for therapy pools. The humidity level will be approxi-
mately 60-65 percent. These conditions influence de-
sign considerations such as choice of materials within
the pool area, air handling and condensation issues!.

Materials within a pool should always be impervious to
moisture penetration. By preventing the use of carpet,
untreated gypsum board, wood laminates as well as un-
treated metals premature deterioration can be avoided.
Elements like door and window frames should always
be constructed of aluminum due to their inherent re-
sistance to constant moisture (the composition of the
wall assemblies will be discussed later). Permanent ele-
ments within the pool area such as spray features, hand
rails, hanging acoustic panels, lighting and signage
should all be considered for materiality.

2.2 Air Quality and Air Movement

Perhaps the largest misconception is that the quint-
essential ‘smell’ of a pool is attributed to the use of
chlorine. In fact this odour is created by chloramines.
Chloramines are a by-product of the interaction of
bather’s sweat, body oils and other ammonia-nitrogen
compounds with lower than required levels of chlorine,
creating chloramine compounds. Airborne chloramines
in large quantities will begin to irritate bathers and can
begin to infiltrate spaces creating on overpowering smell
that can affect patrons not involved in the pool func-
tion2.

This is one compelling reason why the decision regard-
ing air movement within the pool environment is piv-
otal. Another is that chloramines are corrosive and will
hasten the deterioration of unprotected metal surfaces.
Even stainless steel is not fully resistant to the actions
of chloramines. There are various mechanical air and
water treatments that can be used to lessen the quantity
of chloramines in the pool environment, but these will
not negate the need to separate the pool environment or

choose resistive materials and finishes.

Several methods can be used to deliver air to a pool
volume, but the most effective is the method that will
provide the best air movement within the volume. While
low-level supply air will provide maximum comfort for
bathers, it also creates the condition for condensation
at the ceiling level. The amount of air flow created with
perimeter supply at the exterior walls will prevent con-
densation at the exterior glazing, but will do very little to
address the temperature needs of the bathers. Higher
level return with low level supply creates a convective
current of air that maximizes air circulation through the
pool volume. Separate perimeter supply at glazing will
address the issue of sweating glass during the seasonal
shifts in temperature. The components of the supply
and return of air will be discussed in more detail.

2.3 Air Pressure

The air pressure that builds up in the humid pool en-
vironment will inevitably seek to escape through the
easiest path to the location of lesser pressure. In a pool
environment, controlling and mitigating this pressure is
necessary to maintain the necessary relative humidity
and temperature, but also to protect the HVAC system,
the exterior shell and the surrounding interior spaces.
Serious air leakage due to pressure against poorly in-
stalled, poorly detailed or incompatible materials will
force the HVAC system to continually condition air,
thus reducing its efficiency and its life span. To guard
against this scenario, the pool volume should remain in
constant negative pressure. By doing so, chloramines
and moisture will not be permitted to escape into the re-
mainder of the facility and at the same time the pool will
be replenished with dryer air than what is present within
the pool. This is especially advantageous in the summer
months when the exterior air can be warmer and more
humid than the pool environment. Drawing the already
conditioned interior air, albeit a small amount, will allow
the HVAC to run more smoothly, negating the need for
make-up air from the exterior.

The environmental considerations discussed in this
section will have a significant effect on the design
decisionmaking process. Detailing to avoid air leak-
age, maintaining negative air pressure and protection
against material adjacencies for prolonged durability of
the facility, program, circulation, enclosure, cost and
construction all play a role. To determine the course of
action, a series of basic design decisions become nec-
essary without which these elements can cause prob-
lems within a pool environment, leading to prolonged
shut-down and costly repairs. The following section dis-
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Figure 1: Air movement; S1- provides perimeter low level air supply, moderates temperature at glazing; — R1 - return air draws air
from above the pool tank; R2 - return air draws air from high level.

cusses design considerations and guidelines that can
be followed.

| 3.0 DESIGNING FOR QUALITY ‘DECISION POINTS'

' 3.1 Air Handling Systems
;| Two points of view exist when considering options for
il <mm HVAC systems to be used in a pool environment:
|

0 1. The ‘push-pull’ system consists of a make-up air
handling unit sized for six air changes/hour. The
unit is capable if exhausting 100 percent of the
supply air during a period when the exterior air
conditions permit free cooling. The unit will typi-
cally run with minimal outdoor air to control the
humidity. The air handler is complete with filtra-
tion and heating coil, but no cooling coil, which
can cause problems in northern climates. The
problem is that the unit is much less effective in
the warmer summer months where the exterior
air can be equally, if not more, humid than the
air within the natatorium. No cooling coil means
that the increase in temperature and humidity
within the pool cannot be controlled. This con-
Figures 2: lllustrates the pressure required in a pool d'tlon would occlur approximately 15_ perceht of
environment and the adjacent spaces. the time depending on the geographic location.
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2. Pool Area Dehumidification Systems (PADS) are
sized for approximately four air changes/hour.
The compartmentalized unit contains a supply
fan, heating caoil, refrigerant cooling coil and has
the ability to transfer recovered heat into the
supply air stream or into pre-heating of the pool
water creating energy savings and reducing the
operational cost of the overall pool system.

Both systems are suitable for use in northern climates,
but as the demand continues to grow for more energy
efficient buildings, so will the demand for the systems
that are required to handle a greater range of condi-
tions.

Evaluating the two systems will bring three consider-
ations to light. The PADS system will provide continuous
control of the environment during all seasons while the
‘push-pull” will be forced to mimic the summer tem-
peratures in temperature and humidity. A higher capital
cost of the PADS will be offset by a four-six year pay-
back through the heat recovery used for the pool water
and the outdoor air. The final, perhaps the most impor-
tant and least tangible, is the effect that a consistent
humidity level has on the structural elements within the
pool and its adjacent spaces. Pool environments that
are susceptible to swings in relative humidity will allow
conduits of corrosion to develop and will pre-maturely
deteriorate the facility over time. Due diligence suggests
that a PADS type system is perhaps the best solution
given its potential for energy savings and ability to main-
tain a constant negative pressure while providing a rela-
tively short payback.

3.2 Envelope Design

There are two envelope considerations: the internal and
external. The design of exterior walls requires a balance
of achieving design intent to attract visitors while main-
taining a comfortable interior environment. In this case,
careful decisions will ensure that the building is suitable
aesthetically, but also tectonically. For both the internal
and external envelope, the designer must bear in mind
that the goal is to ensure the aquatic space remains in
negative pressure. Proper material selection and detail-
ing is required to ensure the wall system withstands the
pressure differential from interior to the exterior.

3.2.1 Air Vapour Barrier

A continuous vapour barrier is critical to maintaining air
pressure differential and separation of environments.
All exterior solid walls will be required to have a vapour
barrier that ties into the curtain wall/screen system to
ensure continuity. Care should be taken to ensure that

the impermeable vapour barrier is installed on a flat
surface and should be overlapped by 12 inches and
tapped at all joints on the warm side/pool side of the
insulation. This will ensure that the pressure being ex-
erted on the exterior envelope, from keeping the pool
volume in negative pressure, is not escaping into the
wall and condensing. To further protect the wall system,
using spray-applied urethane foam is ideal for use in
a pool environment. It is forgiving in terms of its ap-
plication over less than perfect wall constructions and
it will also expand to fill all voids leaving less chance
that small capillaries will remain through which mois-
ture can migrate. It should be noted that spray-applied
urethane foam is not a vapour barrier. Spray foam in-
sulation should be used in conjunction with a compat-
ible adhered membrane to ensure maximum moisture
protection?.

3.2.2 Structure and Exterior Wall Materials

Masonry is a logical choice for the interior wythe of an
exterior pool wall. It will provide a durable base on its
own or can act as a substrate for an impervious finish-
ing material. It also has spanning capabilities. Typically,
a block wall can span vertically a sufficient distance to
interface with a horizontal steel girt that will be perform-
ing two functions (supporting the curtain wall system
and providing lateral support at the top of the masonry
wall). Depending on the volume and the configuration
of the curtain wall system, the introduction of several
levels of girts supporting block is an acceptable way to
create the overall wall system.

The supporting steel structure must be thoughtfully de-
tailed and the layer of finishing should be clearly speci-
fied. Columns, girts, roof decking, supports and bracing
should be factory cleaned and primed with final paint-
ing taking place on site. Site welding should also take
place at steel connections in lieu of bolted connections.
This will reduce areas where condensation can occur
creating staining on the surrounding steel and the pool
deck. The use of other metals in the pool should be
approached with care. Door frames, grilles, escutcheon
plates and handrails should be constructed out of stain-
less steel or aluminum, depending on what is appropri-
ate. Both provide good moisture resistances.

Another structural option is treated engineered wood.
Due to the capacity of the treated wood to resist mois-
ture and absorb thermal changes, wood has a signifi-
cant advantage in the longevity of the wood surface that
will not require maintenance in a continuously humid
environment.
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Curtain wall glazing is the recommended system for
a pool environment due to its specified thermal per-
formance. Whether annodized or pre-finished, the
curtain wall should be aluminum with specified warm
edge spacers, argon filled cavities within the glazed
units and fiberglass pressure plates. These provide fur-
ther protection against thermal bridging. Care should
be taken to detail the tops of the curtain wall verticals
and fill them with spray insulation. Premature failure of
the curtain wall can occur through convective current
within the curtain wall frames themselves. Air, heated
from contact from the sun, will rise through the vertical
mullions and, if not properly sealed, can exhaust warm
air on colder steel either at parapet details or at inter-
mediate supports and cause premature corrosion. The
curtain wall should also be detailed to separate the hori-
zontal mullion at the bottom from the ground condition.
Freeze-thaw action underneath the caps of the curtain
wall can rupture the sealed units and, within a pressur-
ized pool environment, water vapour will quickly move
into these locations and condense leaving the window
units permanently foggy until they are replaced.

Wood is generally not acceptable in large quantities as
an exterior wall construction material. Structural wood
decking, however, is ideal as a roof plane. Depending
on the species specified for the loading conditions,
various treatments are available to prevent the typical
degradation of material one would expect. The density,
thickness and self-sealing ability of wood allow any an-
chored elements to the underside of the deck to be cor-
rosion free, unlike a metal deck. The use of exposed
unpainted wood warms the space giving a more tactile
feeling to the facility and eliminates any future mainte-
nance. For a lasting appearance, wood deck should be
treated and sealed.

Exterior cladding will be in contact with the climatic
elements on a continual basis. To perform as a clad-
ding material, the pre-requisites are simple: have a very
low water absorption, allow for and maintain the abil-
ity to construct a pressure equalized rain screen and
be durable in all weather conditions. Standardized unit
masonry will facilitate this with ease as will any number
of pre-manufactured panel systems. Almost any combi-
nation of materials can be implemented as long as bulk
water is not trapped against the insulation (to limit the
possibility of water to move into the building through
wind pressure and the cavity) and has the ability to dry
out.

3.2.3 Interior Wall Materials
The use of masonry as an interior demising wall is ac-
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Figures 3: Section detail locating the vapour barrier on the warm
side of the insulation. Notfe: The detail shows interface and
transition from the vertical wall into the anodized curtain wall
system.

ceptable as long as the following considerations are ad-
hered to. The pool environment must be under negative
pressure. This will allow a painted block wall, through
its inherent properties, to act as an air barrier and retain
the air within the pool enclosure. The demising wall of
masonry should also separate the pool from the locker
rooms and associated spaces. Adjacent spaces such as
locker rooms do not require insulation or continuous va-
pour barriers, as the environments are complimentary
and the condensation of moisture within the cavities of
standard masonry block is not likely. Since the moist air
is constantly being evacuated around the block and not
through them.

Separation of programs dissimilar from the pool envi-
ronment can be achieved through the use of aluminum
framed glazed screens. Hollow metal, stainless steel or
galvanized metal frames, over time and without a dili-
gent maintenance routine, will succumb to corrosion.

3.2.4 Roof and Ceiling Finishes

Material selection for the ceiling of a natatorium is con-
nected to a multitude of elements: acoustics, ceiling
fixtures, roofing materials selection, HVAC ducting and
structural elements. There are three options for the fin-
ish of a ceiling in a pool: wood, concrete or steel. In all
cases the structure should remain exposed, as suspen-
sion systems within aquatic centres can be problem-
atic due to the possible erosion of suspension framing.
For wood decking, the cross nailed tongue and groove
profile of the decking provides a uniform continuous
level surface. It is possible to specify the use of sleepers
above the deck to create an interstitial space that sup-
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ports the routing of conduit and plate bracing. Aestheti-
cally the pool volume will be unencumbered with the
visually distracting conduit and wiring that supports the
lighting, alarms, controls and A/V equipment. If this is
not possible or affordable, the depth of the wood deck-
ing will allow anchoring of the system elements with the
advantage that wood will self-seal around the anchors
and not deteriorate or rust. The same is not true for
steel deck. Penetrations through steel deck may cor-
rode, therefore, the specification for the decking must
be upgraded from a typical assembly.

Any steel deck within the pool environment must have
a prefinished synthetic non-corrosive coating finish on
the top and bottom with a dry film thickness of 8mil
to resist corrosion. The deck must be fastened to the
structure and not welded to avoid damaging the sur-
face. Any deck penetrations are to be corrosion resis-
tant and painted to match the deck. To maintain the
environment under negative pressure, it is necessary to
fill the deck flutes top and bottom along the perimeter of
the pool. This also supports the intent of preventing the
mixing of colder air above the deck with the warm moist
air of the pool creating condensation in an area that
is impossible to drain. Maintaining the non-permeable
enclosure is not possible with an acoustic deck and
should be avoided in the pool area. The acoustic prop-
erties in this type of steel deck are achieved with the use
of perforations in the deck, which will trap moisture and
corrode the deck from above in a pool environment. In-
stead, the use of acoustic panels is one alternative that
provides an opportunity to accentuate the environment.

Lastly, concrete can be used within a pool environment
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without issues. The robust nature of concrete gives it
the longevity to continually perform. It will, however, re-
quire acoustic treatment more so than wood or steel
decking systems.

Acoustic panels play an important role in the life safe-
ty of a pool. Pool environments tend to be large open
volumes this creating the ability for sound to travel in
many directions, continuously reverberating and creat-
ing an echo. This poses a problem for the life guards.
With a long reverberation time, it becomes difficult to
distinguish between sounds. The life guard’s whistle, a
call for help or just joyful shrieking can be confused.
Acoustic panels in the pool can be mounted to the walls
or ceiling. In either case the panels are made up of
two inches of semi-rigid insulation within an aluminum
frame that is fully wrapped in a perforated, moisture re-
sistant material covering. The acoustic panels can be
suspended with stainless steel fittings and cables. The
quantity for acoustic covering required mainly depends
on the volume of the environment and the desired re-
verberation time. Typically, a reverberation time of three
to five seconds is common.

Perhaps the most common element that is overlooked
in the pool environment is the roof membrane and the
roof vapour barrier. The shift towards sustainable build-
ing practices has more buildings moving away from
modified bitumen roofing, Ethylene Propylene Diene
Monomer (EPDM) and built-up roofs in favour of Ther-
moplastic Polyolefin (TPO) or reflective roofing systems.
These newer roofing systems can assist in achieving
green building rating systems, such as LEED, but must
be installed in the correct manner. Any membrane in-

Figure 4: a) Steel roof deck over a steel and concrete structure with perimeter and centralized supply of air; b) Wood deck over
a steel structure with perimeter only air supply.
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stalled over a natatorium roof must be fully adhered.
Typically, they are mechanically fastened, which creates
the opportunity for the deck to be penetrated by incom-
patible fasteners that will only serve to increase the pace
of corrosion in a metal roof deck. The roof vapour bar-
rier must be self-sealing and adhered to the substrate.
This ensures that the penetrations will be sealed. Lesser
quality vapour barriers such as craft paper should not
be considered for this application.

3.2.5 Exterior Wall Orientation

When deciding on the ratio of solid versus void the ori-
entation and site conditions become important. With
pools, controlling glare and heat penetration should be
at the forefront. Changes in latitude affect sun angles,
but generally protecting the pool environment from in-
tensely consistent southern sun path is ideal. Northern
light is the most advantageous as it is the most con-
stant in rendition. Depending on the programming of
the facility, eastern morning light may be favorable due
to lower bather count. Reducing the heat gain from ex-
terior light would be more beneficial in the afternoon
and evening where the bather count is high in a warmer
environment.

3.2.6 Glazing

Using the variables above, the massing of the skin
should be designed to have lower bands of transparent
glazing that allows light in without glare. While a south-
ern elevation may have double height glazing, there is
an advantage to splitting the glazing to reflect/block the
intense sun above, but allow segments of light to en-
ter the volume from below. Similarly, the west elevation
could take advantage of the vista created by the setting
sun by having a translucent screen at high level and a
more transparent screen at low level. Ceramic fritting
can also be used within the curtain wall system to con-
trol and block glare and heat gain. The decision to frit
glass is necessary early in the process and should be
designed to provide the maximum glare control.

All together heat gain and glare can be controlled by
glazing and by the installation of motorized blinds. Mo-
torized blind installation may create other problems
from long runs of exposed conduit to cutting and drill-
ing into materials that may have only been face-treated,
therefore, negating the resistance to corrosion. It is ad-
visable to plan and implement motorized blinds against
heat gain and glare within the design stages. If done
correctly, the units can be incorporated into the hori-
zontal girt system used to support the walls themselves.

Figures 5: Shading devices within a pool environment.

4.0 CONCLUSION

The intent of this article is to illustrate the varied and
often interconnected levels of decision-making that are
involved in designing a pool environment. From the
outset, many decisions must be made that will affect
not only the pool environment, but the cost of the proj-
ect. Itthen becomes important to ensure that when the
decisions are being made that a comprehensive pros
and cons mode of evaluation be employed to give the
designers and the clients the necessary information to
make informed design decisions.

In the early phases of the design, decisions relating to
the air temperature and humidity will be determined by
the type of pool that is being designed and the types of
services the client will be able to offer their end-users
(leisure pools versus therapy pools). Deciding on how
the environmental balance is to be maintained is per-
haps one of the most important factors to be consid-
ered. The larger pool environments will require larger
conditioning system. This affects everything from the
assembly of the exterior walls to the orientation of the
pool volume and the interior finishes. Assemblies have
to be incorporated that are both robust and capable of
withstanding air pressure and protect against moisture
migration through the system from high to low pressure.

By understanding and addressing the issues of mate-
riality, air temperature, humidity, placement and types
of vapour barrier, glazing, ceiling materials, volume,
wall assemblies and HVAC systems, we can begin to
re-examine the use and functionality of these items and
continue to innovate in the development of the pool ty-
pologies.

103



PERKINS+WILL RESEARCH JOURNAL / VOL 02.02

Acknowledgments
The authors wish to thank Quinyu Lu for his help with
the production of the graphic vignettes. Thanks as well
to Ray Niepage who was invaluable for his opinions and
input on this article.

REFERENCES
[1]1 John, G., and Campbell, K., (1996). Ice Rinks &
Swimming Pools: Handbook of Sports and Recreational
Building Design Volume 3, 2nd ed., Oxford, UK: Archi-
tectural Press.

[2] Griffiths, T.,(2005). “Clearing the Air: Chloramine
Control for Indoor Swimming Pools”, Retrieved on
10/2010 from http://www.waterandhealth.org/newslet-
ter/cleaning_air.html.

[3] Lotz, W., (1995). “Indoor Pool Design: Avoid The

Potential For Disasters”, Heating/Piping/Air Condition-
ing Engineering, November, pp. 47-49.

104



PEER REVIEWERS
PATRICK GLENN

MARK JOLICOEUR

SANJA KORIC

STEVE MILLER

KYOUNG SUN MOON

SCOTT MURRAY

ABHIJEET PANDE

SANTOSH PHILIP

TOM SIMPSON

105



PERKINS+WILL RESEARCH JOURNAL / VOL 02.02

106

0l.

AUTHORS

AJLA AKSAMUA

Ajla leads Tech Lab, an ongoing research program of the Excellence in Execution
Initiative. Her research focuses on building science and sustainability, emerging
building technologies, digital design and representation. She monitors the latest
developments in building systems, materials, technology, and conducts original re-
search studies. She has contributed to several books, written numerous research
articles and has presented at national and international conferences.

ZAKI MALLASI

Zaki is an architectural BIM specialist, primarily working on Healthcare and K-12
projects. He is involved at the front-end on architectural projects while being
involved with other initiatives within the firm, that address BIM implementation
and execution. His research background covers BIM with a focus of 4D construction
visualization, parametric modeling, design computation and numerous projects in
analyzing their energy performances. He also lectures part-time at Gerogia Tech.

ABUL ABDULLAH

Abul is a designer in the Chicago office with more than 8 years of experience. His
expertise is in BIM and parametric modeling with a main emphasis in complex 3D
modeling, especially technical modeling to resolve constructability of enclosures
and features of complex exterior building envelopes. He has also taught in
architecture schools at BUET, BRAC University and Ohio State University.

MARIUS RONNETT

Marius is a project architect with more than 20 years of experience, spanning
practice in the United States, as well as in Germany. His main expertise is in
bridging architectural design and building technology with a main emphasis in
complex exterior building envelopes. He is based in the Chicago office and has lent
his technical expertise to the Shanghai office as well.

JOHN POELKER

John is a architect with more than 12 years of experience. His experience ranges
from designing large high schools in public school districts to working with
independent and charter schools. His approach to educational architecture is
defined by an information-driven process, which takes into account all the factors
and functions of a program and looks to translate those needs into designs that are
clearly organized and evoke the energy and enthusiasm in which schools thrive.



BLAIR McCARRY

Blair is a principal and senior energy advisor at Perkins+Will with a long
history of sustainable building design, specifically with mechanical sys-
tems and integration with architectural design. A professional engineer in
Canada and the United States, Blair is also an ASHRAE Fellow, a CaGBC
Board Member and an honorary member of the AIBC.

LILAH MONTAGUE

Lilah is a sustainable building energy analyst at Perkins+Will, an approved
energy modeler and a mechanical engineer with a background in environ-
mental studies and experience with LEED Platinum and carbon neutral
projects.

PHILIP O’SULLIVAN

While working within the sports and recreation market sector, Philip has
been responsible for the development and management of recreation com-
plexes. Philip has been able to inform and learn from the client group to cre-
ate successful projects. He is a standing member of the Ontario Association
of Architects (OAA) Experience Review Committee as well as a visiting critic
for Ryerson University’s undergraduate architecture program.

PHIL FENECH

Phil is a principal architect and Sports & Recreation market sector leader
from the Toronto office. For more than 18 years he has been involved in the
design and construction review of swimming pools and their enclosures.
He is committed to ensuring that architectural designs respect the envi-
ronment requirements of this program type. His present role is to ensure
design teams understand these requirements and to direct a quality control
program for aquatic design.

Authors

107



MOHAWK windpower 21

This piece is printed on Mohawk sustainable paper which is
manufactured entirely with Green-e certificate wind-generated electricity.

Through its “Green Initiative” Program, Phase 3 Media offers
recycled and windpowered paper stocks, recycles all of its
own post-production waste, emails all client invoices, and
uses environmentally friendly, non-toxic cleaning supplies,
additionally Phase 3 Media donates 5% of all sales from its
recycled product lines to Trees Atlanta.



PERKINS
+WILL

© 2010 Perkins+Will All Rights Reserved
For more information, please send an email to pwresearch@perkinswill.com



