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Abstract 

t 
Energy Modeling in the Architectural Design Process examines the integration of energy 

modeling and analysis into an established architectural design process, and aims to determine its 

effectiveness in informing sustainable and intelligent design development. This was completed 

using Sefaira Architecture, a software that inspects a digital three-dimensional building model to 

estimate its overall energy use, and deterrpine its strengths and weaknesses in energy retention 

and conservation. The subject of this test was a previously designed model of a high-rise steel 

structure, and Sefaira was applied with the goal of evoking stronger design development. 

The following analysis details the initial design process, the systematic application of 

Sefaira Energy modeling, and the design response to data found through these climate and 

energy studies. The design is given a clear set of goals and objectives that Sefaira is also used to 

monitor the effectiveness of. The study also discusses how this additional thoroughness can be 

streamlined into an existing process is a way that strengthens and improves architectural design, 

harmoniously layering creative design with technical systems. 
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Process Analysis 

This study centers largely around performing systematic energy analysis on an existing 

building of my design with the goal of using this additional information to make informed and 

strategic project developments, while maintaining aesthetic and experiential integrity, and 

pushing the design to a high level of environmental responsibility, including meeting the 

Architecture 2030 Challenge standards. There was a desire to explore the role of climate and 

energy data in informing a more intelligent, cohesive, and elegant design. This marriage of 

sophisticated architectural design and highly efficient energy consumption and conservation was 

used to bring what was originally a six-week project to a higher level of control and completion 

in all facets. This larger goal is further detailed in the next section. 

While the development process of both the architectural and energy design was 

somewhat fluid and intertwined, the project was conducted in four main stages. First, "Initial 

Design" which look place prior to this study, included the completion of what was a six-week 

design project, the prompt and intent are detailed later. Second, "Baseline Energy Analysis" of 

the existing design which included beginning energy and climate studies of the existing product 

to determine stronger energy conservation tactics. Third, "In-Depth Energy Analysis" which 

comprises the bulk of this study. This stage relied heavily on Sefaira Energy Modeling to look 

extensively at the building envelope, HV AC systems, and on-site renewable energy potential. 

This stage also tested the effectiveness of existing energy conservation strategies and provided 

insight into how current or additional strategies could be most beneficial. Finally, the "Design 

Response" stage involved taking information gathered in stage three to make informed design 

"tweaks." Stages three and four were often overlapping. 
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When I began this process, I first aimed to focus mainly on expanding upon my previous 

studio project and bringing it to a higher level of completion. I chose to do this, in part, by 

delving deeper into energy modeling with the goal that my findings could produce and influence 

further design development. What I found was that energy modeling has the potential to be not 

only a catalyst for well-informed design changes, but as a driver behind an entire project if 

integrated from the beginning. This led to my additional research and analysis of how I could 

better integrate and use digital energy and climate data as a cohesive part of architectural design. 

This creative a balance of sorts in my project between understanding the process of energy 

modeling, and utilizing it myself as I furthered my own design. 

Energy Modeling as it Relates to Architectural Intent 

The most holistic, and arguably the most valuable aspect of this study was the exploration 

of how this energy analysis could inform a more sophisticated and complete architectural piece. 

There is significant intrinsic value in a building that can shape a profound individual experiential 

and living experience while operating in a way that is environmentally sustainable. This 

increased aptitude of architects to facilitate and apply their own energy modeling while working 

through their established design processes also helps to create what the American Institute of 

Architects calls, "more integrated design thinking." This then has the potential to, "forge a new, 

common, language that comprehends all of the interests of design, including building systems, 

client needs, and code requirements." (AlA) 

A basic understanding and ability of the architect to design and manipulate these systems 

will be especially important as we move into a future where, in theory, environmental regulations 

on the built environment will tighten, and designers must adapt and respond themselves or be 

forced to rely on engineering and environmental consultants. This dependence has the potential 
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to create several key issues from a creative standpoint. First, a Jack of understanding of these 

more technical systems could result in architects losing a certain level of control over their 

project as they are at the mercy of a consultant's studies, opinions, or suggestions. Second, as 

will be shown in this study, energy modeling can play a vital role in determining the 

effectiveness of building systems, can point out key areas of weakness, suggest clear paths to a 

more efficient design, and create a more complete and well-reasoned product. This lessens the 

likelihood of arbitrary design moves, and increases the probability that a building will function 

as the architect intends. Lastly, perhaps at the most basic level, it can be argued that as designers 

of some of the human race's living environment, one of our most immediate and permanent 

interactions with the earth, we have a responsibility to be proactive in lessening the negative 

impact of the built world. 

This study aims to explore this idea of the architect as a highly-involved orchestrator of 

aesthetic and experiential craft, as well as a key player in environmental sustainability. 

Stage One: Initial Design Process 

This design began as a project for the ARCH 302 MKM Steel Competition at Ball State 

University. Called to respond to the programmatic theme of"Live, Work, and Play," this 

structure is designed as a mixed-use residential and commercial high rise featuring different 

office, workshop, and maker's spaces. The only other true constraint was the requirement to use 

steel not only as a structural system but as a celebrated material. These original programmatic 

and design requirements/constraints were continually adhered to in this new study as well. The 

architectural design intent ofthe project is as stated: 
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This design serves as an intentional community that meets the criteria of "Live, 

Work, and play." The goal is to draw young people and families back into the city to help 

combat suburban sprawl. This is accomplished with the integration of open 

offices/workshops, maker's spaces, enclosed green space, and several different housing 

units as interesting, collaborative, and flexible work environments; providing the 

opportunity for individuals to create and expand personal business prospects. Because 

these amenities are shared with the residential units, a vibrant artistic and intellectual 

community is created. 

The design also enhances the public space with an outdoor plaza at the street 

level. This plaza stretches the entirety of the site and looks into different workshops and 

makers ' spaces, creating an intriguing experience. This, coupled with small commercial 

spaces at ground level, allows the site to become a hub for urban activity and 

interactions. The residential spaces themselves are constructed as modular units that are 

oriented to provide optimal daylight and ventilation while creating a level of separation 

from the public spaces. The different unit layouts include private green spaces/balconies. 

The idea of a traditional "tower" is challenged as visitors move around, under, 

and through the different programs in a fluid fashion. This opposes the very strict and 

limited movement established in traditional tall buildings. There are two full "green 

levels " in each tower, and these are connected by two skywalks that stretch between the 

towers. This site also aims to challenge Vancouver 's reputation as the all-glass, "see 

through city. " Form, materiality, and pattern all serve to create planned views and 

experiences that change as one moves throughout the spaces. 
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Towers are designed in structural "pods, " each including three levels of units. 

The exterior structural system works to support each pod, and each function as its own 

smaller community within the greater scheme. These micro communities are intended to 

function on their own mechanically as well for optimal performance. 

This site takes additional steps to function as environmentally responsible and 

self-sufficient as possible. Several active strategies are engaged to encourage this eco

village-like existence (defined in the Strategies, Tactics, and Metrics section), including 

on-site water collection and greywater systems, renewable energy harvesting, and food 

production. 

Stage One Continued: Introduction ofPassive Systems 

The structure was designed with the integration of passive daylighting, cooling, and 

energy conservation tactics. The Sefaira analysis was then used in part to test the effectiveness of 

these existing strategies and to push them to their optimal efficiency. This section will detail the 

purpose of each strategy, its level of success, and how energy analysis played a role in 

strengthening its function and architectural presence. 

To implement effective strategies, initial site and climate analyses were used to determine 

baseline needs, and the Architecture 2030 Palette aided in providing precedents of proven 

solutions. A clear set of goals were drafted and formatted as, "Strategies, Tactics, and Metrics." 

This system was used to ensure that clear goals and objectives were being kept through the 

duration of the Sefaira analysis process. The term, "Strategies" refers to somewhat abstract goals 

for building and overall site performance, "Tactics" are the specific means used to achieve the 

goals, and "Metrics" measure the effectiveness of the solution quantitatively. A chart detailing 
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the Strategies, Tactics, and 

Metrics for this study, 

specifically as they pertain 

to passive heating, cooling, 

ventilation, and lighting 

systems is shown in the next 

section. 

While each of these 

strategies is designed to be 

ST.~C'KING/ VENHAT I O~ S~RAEG'f 

STACKING UNITS~ AN 
"l·SHAPEO" fASHION (RfATE:.S 
P<XKI.TS FOR NATURAL 
VENTI !..A liON 10 OCCUR 

Figure 1: Stacking/Ventilation Strategy Diagram 

EAO-i "1.£VEL·o F THE 
RESIDENTIAl TOWERS IS STACKED 
SOTHATTHIS TYPE OF 
VENTILATION CAN OCCUR WITH 
THE USE OF OPERABlE LOUVERS 

integrated as elegant, architectural pieces, one strategy in particular played a much stronger hand 

in influencing significant design moves and the overall architectural language. Inspired by 

Corbusier's Unite d'Habitation, the living units are stacked in an L-shape, creating a central void 

and promoting stronger natural ventilation around circulation corridors. A diagram of this system 

is shown here. 

Other energy saving systems based on initial Sefaira data responded largely to the 

amount of glazing in the design, and the expansive heat gains/losses that occur there, and the 

need to better control daylight entering the space. These strategies included, large overhangs 

acting as light shelves, increased green and permeable surfaces, and either a fixed or operable 

horizontal shading system on the southern fa9ade. Further understanding and interpretation of the 

energy modeling itself is detailed in a later section. 
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The Sustainable Site strategy deals with the structure's immediate relationship with its 

surrounding environment. This goal largely concerns lessening the impact that any output from 

the site has on the surrounding area. Green 

Balconies and Bioswales are used to naturally 

filter storm water/runoff before running into the 

city's system. The use of permeable surfaces also 

helps to offset negative effects of runoff. While 

all potable water used on-site is pulled from the 

RAINWATER FROM 
GUTTERS 

"" rc:::=:=====~ . -.. ---· 
(: -- -~--~:~-~.---···-
<- -----

city's infrastructure, the introduction of a Living {-- --
!_-__ -_-_-~- ----- - --

Machine and rainwater management system take 

an even more active role in using this resource Figure 3 : Water Systems Diagram 

wisely by filtering water used on site before it's released back into Vancouver's infrastructure. 

The rainwater system is used primarily as irrigation for green levels/balconies, and the Living 

Machine will work to filter water from each tower before it runs off-site. 

Introduction to Sefaira Analysis Process 

Sefaira Energy modeling was approached methodically. The analysis is broken down into 

three primary sections: Building Envelope, HV AC, and Renewables. There are then 

subcategories of each section that can be altered to achieve the greatest energy conservation 

and/or production. Each variable was considered individually, and its effect on overall energy 

consumption at its minimum, average, and maximum capacity were studied. The most successful 

settings of each of these variables were then grouped into "bundled" to simulate optimum 

building function. Analysis began with exploring the Building Envelope, then HV AC, then the 

application ofRenewable Energy Resources. 
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This study's organization was also influenced by Bill Reeds, "Integrative Design 

Process." His writing, The Integrative Design Guide to Green Building argues that the most 

successful environmentally sustainable structures stem from a design and production process that 

produces the "most environmentally effective and cost-effective green buildings." (Reed xiii) 

This theory involves Reed' s four "E's" involving "Everyone Engaging Everything Early." 

Meaning environmentally responsible and energy efficient building systems and their application 

will be far more successful if they are studied and considered from the beginning, instead of 

being an additional piece applied after major design decisions have been made. This involves a 

process in which all involved parties are brought to the table on day one, and play integral roles 

throughout the entirety of design process. Ideally, this early involvement lengthens the design 

development process and 

better controls the production 

stage to allow for the highest 

level of completion to be 

reached. Regular checkpoints 

(sometimes called "Blue Dots) 

are kept, allowing the team to 

Integrative Process 

w .... 

....... 
I 
I 

'"~ I 

i 0 W01tshopf and ChMrettu 

~----

I li*I'-!J...,. 
i Cwn.._6oll 

' 
Figura C-2 C:JIOf -;~:rsh:m c1 F1yu:e ~-3 diagrtmming Ita:~ iule:,elatHHlSI'Ips and 
mterachons between OiSCi;Jiines ir. the integrali"t'e proct!ss. /.Tiage •;ourfP.SJ' at 
lgrou.Ct a11d 811i P.eed, graphiCs !Jy C<JreJ Johnston. 

Figure 4: Integrative Design Process {Reed) 

come together to share and regroup as they move through various phases. Reed' s diagram of this 

concept is shown here. 
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Adapting to fit the purpose of this study, Reed' s theory of early and regular integration 

was applied and adapted to working energy modeling into an established workflow. In this 

scenario, however, rather than having separate parties specialize in design and sustainable 

building systems, an individual managed both, but continued to apply similar "Blue Dots" to 

manage individual progress. Applying this fairly linear regulation to the pairing of creative and 

technical design process takes what could be a loose and roundabout relationship to one that is 

controlled, streamline, and efficient. A graphic representation of this process is shown below. 

Devefopmemot 
Over~ll~iljn 

Schematic()(!Sjgn . -. --- .. -. -·- . Design Devclopn...ent ------------------------ ---- --- . Finalrzation~md Production 

J) and 

Test Individual Component-.. Bundle Strategies Md Test Fnal Tes1 

Figure 5: Integrated Design Process 
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Preliminary Measurements 

Before any of the three categories discussed were 

manipulated, a preliminary analysis was run with existing 

building conditions, using location, climate, as well as 

area of roof, walls, floors, glazing, etc. This baseline test 

measured overall energy use and energy "flows" through 

the building. This information provided a basis from 

which to systematically identify deficient systems and 

areas with the most energy loss, and from this we can 

respond accordingly. Initial analysis of this design is 

shown here. This information indicated that most existing 

energy imbalances could be traced back to the glazing, 

and most loss happened on the south faryade. To respond, 

the Envelope, HV AC, and Renewables were then studied 

Total Floor Area 139,82111' 

kSTUI!I'Iyr 

Gains & Losses Guidance 

lmpacl on 
eating 

ND1111 ScUr 

W.t Condllclion 
lnlillmicn 

- RoofCorldudion 
- Floor Conduction 

0 lndude active gains and losses 

Figure 6: Initial Sefaira Analysis (from 
Sefaira.com) 

and adjusted individually. The effectiveness of passive daylight, ventilation, and cooling 

strategies were also studied and adjusted accordingly as part ofthis analysis to further balance 

energy flow. 

Building Envelope 

Building Envelope refers to the overall energy conservation and retention of the 

building' s skin (walls, windows, roofs, floors) and structure. Major factors for building facade 

efficiency that apply directly to the present curtain wall system include the "U-Factor" which can 

be defined as a "sensible heat property-addressing heat flow" (Grondzik) and the potential loss of 

heat (energy) through the building' s skin. There is also Solar Heat Gain Coefficient (SHGC), 
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defined as "a measure of the ability of a window to resist heat gain from solar radiation." 

(Grondzik) Next there is Glazing Tilt Angle, which is the angling of glazing to ensure "(minimal 

heat gain) into buildings." (Grondzik), Finally there is consideration for Vertical and Horizontal 

Projections, which refer to the numerical distance of the protrusion of shading devices. These 

factors can be applied to glazing placed on both roofs and walls. There is no roof glazing 

included in the design, eliminating that specific factor from consideration. 

The two factors Sefaira uses to determine energy efficiency of the building structure are 

leakage, and potential surface reflectiveness. Leakage defined by the US Department of Energy 

as, "the unintentional or accidental introduction of outside air into a building." Potential 

reflectiveness or reflectance refers to, "the ratio of reflected light to incident light," (Grondzik) 

which affects overall building solar heat gain. 

Results found that upping R-Value of walls, roof, floors, and glazing to the highest 

realistic level, minimizing structural leakage, and increasing SHGC provided noticeable benefits. 

While valuable information, these factors do not necessarily inform specific design decision. The 

factors that can, however, are the Glazing Tilt Angle and Horizontal/Vertical Projection. Tilting 

the glazing fifteen degrees from the horizon aided in deferring some unwanted heat gain, and this 

condition has the opportunity to inform and enrich interior spaces. The Projections refer to 

extensions beyond the building's skin that can further impact the faryade in an informed and 

meaningful way. Each variable was tested individually, and the most efficient settings are shown 

below. 

13 



Optimal Settings - Building Envelope 

FaGlde Glazing Roof Glazing Brise Solei! rum on 

Glazing u-Fador 0.02 . 

Glazing S1-fGC Glazing 51-fGC 0.1 

Glazing Tilt Ang!~ 15.0 Glazing Tilt . .!vlg e 0.0 

Vertical Projection 8.0 ................................ 

Override F01.cade Glazing 1Umon Override Roof Glazing Walls 

35 Lc;~r~_i!1_ _ .............. ":'ml 

'(.;;.UR-Va lue 7.00 

Structure Roofs Roors 

Core Struct<>rE t Medium ......... _ ............... y _; Floor R-Va,tue. 35.00 

sakage 0.000 Roof R-Value 35.00 Aoor Finish 

l 

Figure 7: Building Envelope Analysis (from Sefairo.com) 

The Brise Solei! (horizontal or vertical louvers used for day lighting control), were left off 

initially to allow for exploration later. 

HVAC 

After evaluating the optimal Building Envelope conditions, the Heating, Ventilation, and 

Air Conditioning (HV A C) system was studied to find its greatest potential for energy 

conservation impact. While several factors in evaluating HV AC were variables, two settings, the 

Ventilation Rate and Design Fan Power were constant factors derived from building codes and 
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suggestions from the American Society ofHeating, Refrigerating and Air-Conditioning 

Engineers (ASRAE). The Ventilation Rate refers to the "rate of outdoor air ventilation," 

(Grondzik) meaning the frequency and amount of fresh , ourdoor air that is brought into, and 

conditioned for building use. For this study, a standard Ventilation Rate for a comfortable and 

healthy residential environment was derived from the ASHRAE Standard: Ventilation for 

Acceptable Indoor Air Quality. This constant was 0.3 Llm2 * s. The other constant factor was the 

Design Fan Power, and here a constant recommendation was obtained from the International 

Energy Agency. This organization defines Specific Fan Power (Design Fan Power) as, "a useful 

measure of... (the) flow rate, operating hours, flow resistance, and fan system efficiency." Their 

ideal Design Fan Power for operation and efficiency is, 750 kW/sqft "input power," which was 

the constant used for this analysis. 

The variables that were studied at their minimum, average, and maximum capacities were 

the Natural Ventilation Strategy as well and the Heating and Cooling Coefficient of Performance 

(COP). Because this Natural Ventilation Strategy of this design relies most heavily on the 

concept of cross ventilation, both though the system of operable horozontal louvers in circulaton 

spaces and operable windows on north and south sides of the tower, this is the specific strategy 

that was studied. For reference, cross ventilation can be described as being, "driven by wind and 

accomplished with windows. It relies on fairly narrow plans with large ventilation openings on 

either side." (Grondzik). 
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The Coefficient of Performance of a heating system is defined by Grondzik as, "the ratio 

of heat delivered to the the rate of energy input in consistent units." Cooling COP is defined as, 

"the ratio of the rate of heat removal to the rate of energy input in consistent units." Essentially, 

this refers to the effeciency of an HV AC system with regards to its relative effective utilization 

of the energy put into the system. Below are the most efficient Sefaira settings for the HVAC 

system. 

Air Distribution System Natura! Ventilation Turn ofl Heating Equipment 

D~ign Fan Povver 1000 Natural Ventilation , __ C::r()~_\lent Heating Efrlciency or COP 8 
Strategy 

Venttlalion Rate 0.30 Openable Glazing Percentage 80 

Site Terrain Type 

Cooling Equipment 

Cooling COP 

Figure 8: HVAC Analysis (from Sefaira.com) 

Analysis of Building Envelope and HVAC studies 

These initial studies excluded the effect the water fixtures would have on energy 

consumption, and before the integration of on-site renewable energy production. The optimal 

setting of each variable when "bundled" and run together can be studied as a holistic building 

system. Before the integration of the other two components, it was found that the building's 

overall evergy use hovered around 17 kbtu/ft2 annually, and a majority of the energy use was 

being put towards cooling in the summer months. From this observation more passive cooling 

strategies would need tobe employed. Additional passive strategies are most effectifve when they 
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are site and climate specific, and can be found be studying Bioclimatic Charts, as seen in Sun, 

Wind, and Light. 

g New Strategy Annual Energy Annual Energy U~e per Annual Utility Annual Space Annual Space 
Consumption Gros~ Internal Area Cost Cooling Heating 

kBTU k51J/ft1 $ kBTU kBTU 

Baseline Concept 2,400,440 17 168,840 152,629 165,648 

Figure 9: Results with Optimal Envelope and HVAC Settings (from Sefaira.com) 

Implementing Renewable Design Strategies 

With a baseline strategy for effecient Building Envelope and HV AC systems established, 

we can move to the integration of on-site renewable energy production to study it's effectiveness 

in offsetting energy to be pulled from the grid. Currentlty, the two renewable systems in place 

are Rooftop Photovoltaic (PV) panels and a closed-loop Ground Source Heat Pump, or 

Geothermal system. The PV system will be responsible for contributing directly to the energy 

consumed by each tower, and the geothermal system will aid in optimizing this energy use and 

and increasing the overall coeffecient of performance of building systems, including HVAC and 

hot water production. 

The area of the PV system is determined by the square footage available on the roof of 

each tower, minus the area used for rainwater collection and filtration. The variables present for 

the PV system were the area, system effeciency, orientation from the south, and tilt of the panels 

themselves. The floor area was a constant figure of 2250m2 per tower. System effeciency was 

assigned an average of 16% gathered from the PV Watts (online) calculator. The system was to 

face due south to allow for optimal collection potential, and the system was tilted 36 degrees. 

This specific angle corrosponds to the optimal position for solar collection in Vancouver, BC and 

was derived from research conducted by The Canadian Conference on Building Simulation, and 
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derived from the PVWatts site. According to the PVWatts Calculator, this system would produce 

roughly 4,433 kWh/M2/Year. 

The geothermal system consists of two variables on Sefaira, the system Capacity and 

Coeffecient of Performance. The capacity refers to the overall size of the system (can vary from 

small residential units up to large, campus-wide systems). The COP in this case effects overall 

energy use in the building, and will maximize the effeciency of each kW bought from the grid or 

produced on-site. A COP was assigned in accordance with that found in another large-scale 

geothermal system at Ball State University, which functions at up to a system-wide COP of 8. 

This study was assigned a COP of 7 . 

Facade Integrated PV Roof Integrated PV rum on Combined Heat & Power Twn-on 

Solar Thermal HW SolarPV Turnoff Wind Turbine Turn on 

Arell 9000 

Effidency 16 

Orientation (From South) 0.0 

LJJ Tilt 36.0 

Ground Source Heat Pump Turnoff 

Capacity 80.00 

Seasonal COP ... ~2-· 

Figure 10: On-Site Renewable Resources (from Sefaira.com) 
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Each of these factors was kept constant and each renewable energy source was applied 

one at a time, then bundled and run together. The Building Envelope and HV AC settings were at 

their optimum positions when these renewables were applied. The image above shows these 

fixed settings. The table below illustates the the overall effect on-site production had on 

minimizing the pull of outside energy. This application brought overall annual grid energy use 

from 17 kBTU/W annually to 14 kBTU/ft2 annually, putting the design will under the current 

Architecture 2030 standard of 24 kBTU/ft2 annually. 

Annual Energy 
Consumption 

kfiTU 

Annual. Energy Use per Annual Utility 
Gross Internal Area Cost: 

kfliU/ft2 S 

Baseline Concept 1,890,078 14. 

Figure 11: Results with Optimal Envelope, HVAC, and Renewable Settings (from Sefaira.com) 

"Bundled" Studies- Additional Shading Devices 

ill1i. New Strateqy Annual Energy 
Consumption 

kBTJ 

Baseline Concept 1,890,078 

7 Strategy 2 1,905,226 t~l'> 

[CJ Orientation (Horizontal} 

[C] Angle {-15.0 ') 

\(.]Separation {0.2 ft} 

je] Depth (Ct5 ft) 

""' Strategyl 

[C] Orient.a:.ion (Horizontal) 

!Cl Angle (-15.0 ') 

!C) Separation {0.7 ft) 

!Cl Depth (0.3 ft) 

1,894,659 .. r.)>., 

Annual Energy Use per 
Gross lntemat Area 

kBTU/ft0 

14 

14 0~ 

14 

Figure 12: Bundled Strategies - Shading Devices (from Sefaira.com) 

Annuatutility 
Cost 

s 

13:Z,94l 

l34,008 f <l>.i 

Annual Space 
Cooling 

keTU 

152,1'>29 

Annual Space 
Cooting 

k.BTU 

l'i:Z;6:Z9 

147_436 ..,. :·t 

Annual Space 
He.ating 

kBTt! 

186,750 

Annual Space 
Heating 

kBTV 

186,750 

198,306 1: o"i 

19 0 ,155 ·~" 

The concept of " bundling" was utilized to test and manipulate specific settings in relation 

to the existing, successful strategy. This allows us to understand the ways different settings 

directly effect, and differ from one another. This method was used to study the implications of 

19 



additional shading devices on the south favade, the area most intensley effected by heat gain/loss 

through glazing. The application ofhorozontallouvres (with two different sized systems) were 

tested. 

With the integration of six foot overhangs (see Horozontal Projection setting in Envelope 

section), heat gain from excessive daylighting was resolved, but additional permanent shading 

devices actually proved detrimental to energy conservation because heating loads then had to be 

increased with the lessening of warmth provided from sunlight. So, it was determined that the 

overhang created by the green banconies provided adequate protection from unwanted solar heat 

gain, and an interior, non-permanent shading system would be suffecient to address any 

daylighting issues. 

Observations and Responses 

To regroup, the goal ofthis work was to use energy modeling as a means of provoking 

well-reasoned and sophisticated design development, and to explore how an architect can use 

this tool to engage in a 

systematic and holistic 

experiential, aesthetic, and 

technical design. In part, I also 

hoped to understand first-hand 

the integration of energy 

modeling into an established 

design process. This study 

suggests that if an investment is 

made to study this energy and 

7 · overh ang a ·ds in 
d a yl igh+ centro 

'<a ised f loor s he lp 
op in1ize cross venti lat io n 
and slack ing system 

Green bo con ie s and 
ex erna l struc tura l system 
a id in shadin g a nd coo ling 

Figure 13: Raised Floor and Balcony System 
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climate data, not only can it be fairly seamlessly integrated into an ongoing design process: but it 

can encourage and promote deeper design questions and development that would have otherwise 

gone unconsidered. This energy modeling also enables the designer to make strong and educated 

system and material specifications. Each material (glazing, roof, floor, and wall finishes , etc.) 

can be examined individually, and the most efficient choices can be made for each. 

One element that stemmed from energy modeling and became a strong aesthetic and 

experiential piece is the use of large overhangs/balconies as light shelves to control and dilute the 

intensity of sunlight coming through the curtain wall system. Sefaira testing revealed the need 

for increased daylight control, and through simultaneously modeling different strategies as 

architectural pieces to find one that would be a strong design move, I could test the technical 

effectiveness of each with Sefaira's various settings. The best fitting strategy was shown to be a 

6'0" overhang condition that was created by extruding the edges of the individual pods on all 

sides. Because these pieces were not necessarily appropriate balconies for direct interaction, they 

were used as smaller green levels that now wrap around each tower. Sefaira also provided 

support that this move was strong enough to address most energy lost through glazing. 

Another design element influenced by Sefaira modeling was the use of additional shading 

devices. Initial analysis showed the need for more control of hard daylight, and when beginning 

the study, I assumed there would be a need for permanent shading in addition to the horizontal 

projections on the green balconies. The energy modeling process allowed me to explore the 

effects that different types of fixed shading devices would have not only on indoor lighting 

quality, but also the effect that any addition or reduction of light would have on energy use. This 

allowed easily and fairly quickly determine the optimal size, orientation, and spacing of a fixed 
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system. It also allowed me to learn that any kind of fixed system in this case increased overall 

energy use and did not serve to beneficially filter any additional unwanted daylight. 

The use of energy modeling allows an architect to take theoretical design strategies, test 

their effectiveness, and adjust accordingly. This enables the designer to achieve a higher level of 

control over their design moves, creating an increased independence and a stronger argument for 

the design's legitimacy. Energy and climate analysis enables the designer to achieve a higher 

level of understanding oftheir building systems and how strategic moves can morph into 

aesthetic experiences and vice versa. This study served to illustrate that not only is it feasible to 

work energy modeling into an existing design process to evoke more complete and sophisticated 

design development, but can prove vital in designing elegant and environmentally sustainable 

built structures. 
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Supplemental Images and Diagrams 

Figure 14: Raised Floor Diagram 

Figure 15: Sun/Shading Diagram 
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Figure 16:/nterior Unit Render 1 

Figure 17: Interior Unit Render 2 
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Figure 18: Site Render 

Figure 19: Street Render 
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