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designed, at which point it is too late to drastically change the form. Because of this paradox energy efficient
buildings were only possible with early influence from experienced energy engineers. This level of experience is Sl o Uiy g
rarely available when the important energy defining design decisions are made.

Designer/Architect Designer/Architect Designer/Architect
Developments in energy analysis software have made it possible for less experienced building professionals to S ArchitectEngineer | ArchitctEnginee ArabhizsiEngloeer

understand building energy-use and the impacts of design decisions. With an Integrated Design process, energy
engineers now contribute more to the building design. <
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Recent breakthroughs that tie together energy modeling software with Building Information Modeling (BIM) allow | T | T
for instantaneous energy analysis at the most crucial stages of design. These analysis programs allow for evaluation |
different Energy Conservation Measures to determine which strategies will have the best results and payback. The

tools now available are only in their infancy in terms of the powerful influence they will eventually have on our
building design process.

Building Parameters Work Flow and Software Integration

The building analyzed is amulti -story, open officewith a There are many analysis tools, each with its own capabillities.
solid core. (There are other forms of office buildings) Autodesk Revit Architecture is the predominant 3D BIM authoring

tool. Autodesk Ecotectproduces solar and wind analysis, andEnergy
Plusis a widely used energy modeling tool. To make using Energy

Each flooris 10,000 Sq. ftand there areSidentical stories. Plus more user friendly, the interfaceDesign Builderis used.

Simple Forms Tilted Forms

For consistency: The integration of these software packages becomes imperative to

South facade40% glazing produce analytic energy analysis. The flow chart to the left highlights
the complexities involved with this integration.

_ Tilted Forms
North facade 20% glazing

East and west havddUNCh outs (a

EnergyPlus v.4 >

Autodesk Revit Architecture creates the original building form.
Vertical floor plate extrusion, or simple forms, export directly into
Energy Plus Other forms, such as the tested tilted buildings, must

o _ first be exported to Autodesk Ecotectto generate the room data, and
All windows are double glazed with no shading and the wall Lighting Analysis then into Energy Plus

construction is Medium Weight IECC-2000 building code.

For detalled lighting analysis, the building is exported back into
Autodesk Ecotectand a subsequentRadianceanalysis tool.

Hypothesis Weather Data for Laramie, WY

It is predicted that building form will effect both energy consumption and the Outdoor Temperature and Solar Radiation Laramie, WY Energy Plus Weather Data Average Daily Temperature
magnitude of the effectiveness of green strategy implementation. 30

100
The square form will minimize heat loss due to minimal surface area, but office
Internal gains will offset this. .
The rectangle form will maximize day lighting, passive solar gain, and natural
ventilation strategies, which will have more of an effect than the corresponding
Increase in heat loss.
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Building Form Creation

Above depicts the simple form process fromAutodesk Revit Architecture to Energy Plus

Below depicts the tilted form process fromAutodesk Revit Architecture to Autodesk Ecotectto Energy Plus
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There are six forms tested: a square, a rectangle, and each one tilted north and south. First the shape is analyzed for ey
consumption, then the effect of the green strategies. Kote a similar analysis was conducted for Denver, CO for comparison; summary below)

Form Analysis

Heating and Cooling Loads
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Increased cooling load.

Building Forms

Green Strategies
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Resu |tS S umm ary Building From versus Energy Consumption Building Form versus Green Strategies

% change from square as reference % change from same form, % change from square as
no strategy reference, no strategy

Laramie, WY Denver, CO Laramie, WY

Based on form alone, theRectangleis the best form for
Laramie, WY.

Heating Load Cooling Load Total Energy Total Energy Natural Daylight Natural Daylight
Ventilation Sensors Ventilation Sensors

_ - Square ? ? ? ? -2% -15% -2% -15%
The green strategies have the greatest effect on théllted forms;

. . . . -80 0 0 -30 -180 -40
however, the most energy efficient shape with green strategies is Rectangle 8% 12 - 0.5% 3% 18% 4 /o-
still the Rectanglefor Laramie Rectangle North Tilt -8% 43% 7% 9% -7% -22% -1% “17%

(Note that for Denver this is the square)

Rectangle South Tilt 12% 6% 7% 8% -6% -20% 1% -14%
i . 1T OA £ O COAAT OOOAOACEAOh $AT OAOSquareNorthTit /I Of IYAAAT204A0 A "™®AAOATXCI AQ 6%  -19% 0%  -14%
Square South Tilt 13% 1% 7% 7% -4% -18% 3% -12%



Building Form and Energy Analysis

Optimal Building for Laramie, WY

After determining the effects of different green strategies on all six tested building forms for

Laramie, a search for the most energy efficient building design was conducted.

Internal Gains - Untitled, Building 1

4l

Fuel Breakdown - Untitled, Building 1
1 Jan - 31 Dec, Hourl

Licensed

Notice the peak heating early in

the morning

The schedule change results in

the shown reduction in heating

load and shows how the solar

gain is not assisting with
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Schedule Change

From previous analysis it was established that the Rectangle with both Natural
Ventilation and Daylight Sensors was the most efficient form. An hourly simulation of
the Rectangle building for both a typical winter and summer day, show a spike in
heating early in the morning and the peak cooling load late in the afternoon
respectively. To assess this a schedule change was made.

building warm up

For winter heating months from 9 am? 6 pm

Notice the peak heating in the
afternoon For the summer months from / ane 4 pm
The schedule change results in
the shown loss in cooling load
late in the afternoon

This provided an additional 1 Y0ototal energy reduction

The charts from design builder (left) show the change in the heating and
cooling loads with this schedule change

Lighting Analysis

Due to the need for passive solar heat gain to make a building more energy efficient, the space
along the solar collecting facade will have bad glare and sunspot issues

making office work nearly impossible. The render to the right shows the sun spots along the
south wall. Thus, some form of shading or light bouncing in necessary.

To the left shows a Radiance rendering of day lighting effects of different shading
devices

The right most window has no shading

The middle window has Electrochromic glass
Notice very little daylight enters the space here and thus internal lighting load increase

The left most window has exterior horizontal slats.
Notice the daylight effectively bounces into the space without overheating

The horizontal slats are also the most energy efficient of the two shading devices

shown here. However, they hinder passive solar and cause’aY0increase in overall
energy

Orientation and Tilt

Because the addition of shading devices cause an increase energy consumption

because of their negative effect on solar gain, the same simulations were run with the Rectangle
Tilted North form. This form resulted in an increase in cooling load as well. To solve this, orienting
the building to the east was tested with different angles until the best was found.

Most Energy Efficient Building Form Laramie, WY

The best building form for Laramie is found to be the Rectangle
tilted to the North with both Natural Ventilation and Daylight
Sensors, Horizontal Shading slats used when cooling is
necessary and oriented 3 degrees East of South.

150,000

68,750 \I

-12,500

‘ This configuration resulted in
40%reduction In energy excluding unaffected loads like
equipment, computers, etc.

2 490 reduction in annual energy consumption compared
to the square reference

-93,750

Based on gas and electric utility prices in Laramie, WY

$8000Iess In annual electricity cost

$7300Iess In annual utility cost

175,000

Best Design Lighting
Square Reference Lighting

B Square Reference Heating Load
Best Design Cooling Load

B Square Reference Cooling Load
Best Design Heating Load

A simple 50 year lifetime of the building yields

$365,000n energy savings



