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Performance Matters

• Energy Use
• Lifecycle Operating Cost
• Carbon and Greenhouse Gas
• Environmental impacts
• Professional Recognition
• Quality Design
• Codes and Regulations



Performance Matters to Your Clients
… Energy Cost
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Performance Matters to Your Clients
… Energy Benchmarking



Performance Matters to Your Business
… Energy Codes



Performance Matters to Your Business
… AIA Honor Awards

Energy: A brief summary of energy and 
carbon reduction strategies, plus metrics per 
Energy Star Target Finder. If the submitted 
building type is not listed on the Target 
Finder Web site, use the Architecture 2030 
Challenge Targets. 

• Predicted EUI in kBtu/sf/yr excluding on-
site renewable energy contribution
• Predicted EUI in kBtu/sf/yr including on-
site renewable energy contribution (carbon 
offsets will not be counted)
• Predicted percent (%) regional energy 
reduction per Energy Star Target Finder
• (Optional) Actual EUI in kBtu/sf/yr
including on-site renewable energy 
contribution (based on 1-yr utility records)



101 number of firms submitting reports – 11% decrease

1.6 billion total amount of gross square feet (GSF) – 9%  increase

2441 number of projects reported – 150%  increase

34% average Predicted Energy Use Intensity (PEUI) reduction – 3% decrease

7% percent of total GSF meeting the current 60% reduction target – 5% decrease

66% percent of total GSF using energy modeling – 14% increase

401 number of projects meeting the 60% reduction target – 200% increase

73 number of net zero energy projects – 500% increase

3,866 number of interiors only projects

19% average Lighting Power Density reduction for interiors projects – 2% increase

Performance Matters to Your Business
… AIA 2030 Commitment



Predicted Project Performance

Modeled projects were 
predicted to perform on 
average 8% better than non-
modeled projects

Projects seeking 3rd party 
certification performed 10% 
better than average

Projects reporting detailed 
data performed 14% better 
than the average

Performance Matters to Your Business
… AIA 2030 Commitment



Performance Matters to Your Business
… New Business Oportunities



Performance Matters to The AIA
… AIA Position Statement

Image …

AIA Position 
Statement



Performance Matters to The AIA
… Energy is 
one of Four 
Priority Areas

Image …
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Performance Matters to The AIA
… Resources

Image …

Energy Landing Page
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Performance Matters to The AIA
… aiau.aia.org

• Small Firm Sustainability Strategies
• Four Stages of Energy Modeling in the 

Building Design Life Cycle
• Deep Energy Retrofits
• Living the Low-Energy Life

• Online continuing education.  
• high-quality, curated, 

educational content for 
and, in many cases, 
by architects.  

• Available 24/7



Performance Matters to The AIA
… Resources

Image …

Energy Landing Page



What Architects should do
… Energy is a Design Problem

Performance Matters
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Comparative Compliance Predictive

VALUE TO CLIENTS FOR ENERGY MODELING

LEED
ASHRAE 90.1
Local Codes

Annual Operating 

Scenarios
Components
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WWW.BUILDINGTOOLS.ENERGY.GOV

HOURLY MODELS



Annual Fan Energy Savings Calculations
Existing Condition

Temp Percent Percent Fan CHWP HWP On-peak Mid-peak Off-peak Occ Total Unocc Total 
Bin Air Flow Fan BHP kW kW kW kWh kWh kWh kWh kWh 
102 0% 0% 0.00 0.00 0.00 0 0 0 0 0 
97 100% 110% 14.27 0.00 0.00 250 0 0 250 0 
92 98% 90% 11.70 0.00 0.00 1,085 0 0 1,085 0 
87 90% 90% 11.70 0.00 0.00 2,842 0 0 2,842 0 
82 82% 73% 9.42 0.00 0.00 3,590 0 0 3,590 0 
77 75% 56% 7.28 0.00 0.00 3,371 0 0 3,371 0 
72 67% 42% 5.42 0.00 0.00 3,187 0 0 3,187 0 
67 59% 30% 3.85 0.00 0.00 2,160 0 0 2,160 0 
62 51% 30% 3.85 0.00 0.00 1,896 0 0 1,896 0 
57 43% 19% 2.43 0.00 0.00 1,100 0 0 1,100 0 
52 40% 19% 2.43 0.00 0.00 1,129 0 0 1,129 0 
47 40% 19% 2.43 0.00 0.00 1,097 0 0 1,097 0 
42 40% 19% 2.43 0.00 0.00 1,153 0 0 1,153 0 
37 40% 19% 2.43 0.00 0.00 1,099 0 0 1,099 0 
32 40% 19% 2.43 0.00 0.00 914 0 0 914 0 
27 40% 19% 2.43 0.00 0.00 600 0 0 600 0 
22 40% 19% 2.43 0.00 0.00 337 0 0 337 0 
17 40% 19% 2.43 0.00 0.00 157 0 0 157 0 
12 40% 19% 2.43 0.00 0.00 61 0 0 61 0 
7 40% 19% 2.43 0.00 0.00 29 0 0 29 0 
2 40% 19% 2.43 0.00 0.00 13 0 0 13 0 
-3 40% 19% 2.43 0.00 0.00 3 0 0 3 0 

Total/Peak 14.27 0.00 0.00 26,073 0 0 26,073 0 

BIN DATA MODELS
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Estimated Laundry Energy Usage & Costs

Number Rooms 400 Utility water deg F 60

Laundry? (Y/N) Y Laundry lbs/occ room per day 20.0

% Wastewater Recycled 0.0% Average Occupancy 61.0%

Water Gal/Lb 3.0 % Laundry Reduction 0%

Hotel Annual Laundry Usage

Current laundry lbs/yr processed 1,781,200
Outsourced lbs/yr 0
Remaining in-house lbs/yr 1,781,200 Utility Rates

Annual Natural Gas Usage Natural Gas $/Therm $1.67
Laundry Dryer Therms 41,212  
Laundry Flatwork Ironer Therms 0 Water $/Mgal $8.00
Laundry Presses Therms 6,987
Laundry HW Therms 30,058 Electricity $/kWh $0.135
Total Natural Gas Therms 78,257

Annual Water Usage
Laundry Water Mgals 5,344 Annual Annual

Laundry Use Laundry Cost
Annual Electricity Usage
Dryer kWh 54,484 Natural Gas (Therms) 78,257 $130,688
Washer kWh 78,233 Water (Mgal) 5,344 $42,749
Flatwork Ironer kWh 0 Electricity (kWh) 156,318 $21,103
Misc Equipment kWh 23,601
Total Electricity kWh 156,318 Total --- $194,540

Gas Use (BTU per Lb) 4,393 Total Hotel Laundry %
Electricity Use (kWH per 100 Lbs) 8.8 Energy Use of Total Energy

Natural Gas (Therms) 306,557 25.5%
Water (Mgal) 32,952 16.2%
Electricity (kWh) 11,210,118 1.4%
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“All models are wrong
but some are useful.”

- GEORGE E.P. BOX
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Mechanical System 
Sizing (Peak Loads)

How big are loads?  
Do I need 4 tons or 8 
tons of cooling?

Comparing strategies.
(Energy Conservation 
Measures, EEM/ECMs)

Compliance Prediction

Is it better to insulate 
more or upgrade the 
boiler efficiency?

Is my building at least 
as good as a prescrip-
tive code building??

ASHRAE 90.1
LEED
Energy Code

Late in Design Phase Middle of Design Phase

OR

Usually late in Design 
Phase

Throughout Design 
Phases

Will the design and 
operations be able to 
meet 40 kBtu/sf/year?

Design

Early Design Phase,
Testing Geometry

What quality/quantity 
of daylight does each 
space have?
Do I need more shad-
ing?

Envelope Performance

21,665 UA

69% Envelope
Ratio

61% Envelope
Ratio 23,399 UA 67% Envelope

Ratio

24,041 UA 34,739 UA 97% Envelope
Ratio
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a brief history of energy modeling...
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- Usually an Energy Analyst, often housed within a Mechanical Design Firm.
- For some types of Analysis, the best physical location is within an Architecture firm.

Common Issues with Energy Analysis:

- Design team is not asking a design question, just asking for ‘analysis.’
- Design team is not willing to incorporate answers to analysis questions.
- Geometry is difficult to translate from design team to energy modeling software.  Design Changes may 
require extensive time (fee) to redraw model.  This means either they are not picked up by Analyst or fee 
increases for early analysis.
- Energy Analyst makes a great deal of assumptions that are correct, on average.  For a particular build-
ing, however, they may not be appropriate.

ARCH TEAM

DESIGNER

MANAGER

PROJ. ARCH

MECH FIRM

ENERGY
ANALYST

MECH
DESIGNER

Design Simulation

Who Does Energy Modeling?
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kBtu
ft² * yr40

Some Types of Design Energy Simulation



Solar/Shading Daylighting Airflow Energy Modeling/
Comfort

kBtu
ft² * yr40

Ask Question

Set up Simulation to Answer

Run Simulation

Interpret/Calibrate

Make Decisions

Simulation Process

Some Types of Design Energy Simulation



Ask Question

Set up Simulation to Answer

Run Simulation

Interpret/Calibrate

Make Decisions

Simulation Process
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3d Modeler
	 Revit
	 Rhino
	 3d SketchUp
	 ...

Graphic User Interface
	 Sefaira
	 Diva
	 IES-VE
	 Vasari/Green Building Studio
	 ...

Engine
	 Radiance
	 EnergyPlus
	 DOE2
	 ...

Allows geometry to be created

Buttons are clicked to set properties, 
run simulations, and see results

The underlying algorithms that simu-
late the physical world

Software Types, with examples

Solar/Shading Daylighting Airflow Energy Modeling/
Comfort

kBtu
ft² * yr40

Some Types of Design Energy Simulation



Solar Energy Investigations

Question
- What is the relative performance of various shading strategies?



Envelope Performance
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Question

A B C D

Massing Comparison

- How often can electric lights be dimmed or off?
- What is optimal geometry to balance daylight with envelope performance?
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Result: A and C perform best



6 nbi: new buildings institute  |  Sensitivity Analysis

Table 1. Variable List and Range

Category Variable Low Performance Base Case High Performance

Envelope

Building Area 
(SF)

52,630 52,630 52,630

Number of 
Floors

3 3 3

Thermal 
Zoning

Core zone w/4 perimeter 
zones on each fl oor

Core zone 
w/4 perim-
eter zones on 
each fl oor

Core zone w/4 perimeter 
zones on each fl oor

Perimeter 
Zone Depth

15' 15' 15'

Floor to Floor 
(ft)

13' 13' 13'

Floor to 
Ceiling (ft)

9' 9' 9'

Aspect Ratio 
& Orientation

N/S 2.5-1 E/W 1.5-1 S E/W 2.5-1

Mass Wood frame (no slab) 4" slab 12" slab

Insulation R-11 metal frame ASHRAE 
90.1-2007 
Seattle

ASHRAE 189

Glazing Area 60% 33% 20%

Shading NONE NONE FIXED 3' horizontal

SHGC 0.76 0.38 0.15

Glazing U 0.93 0.48 0.28

Air Tightness 0.013 0.29 0.62

Occupancy

Occupant 
Density

130 SF/Person 200 SF/Per-
son

400 SF/Person

Occupant 
Schedule

16 Hour WD + 12Hour 
SAT

12 Hour WD + 
6 Hour SAT

8 Hour WD + 4 Hour SAT

Plug Loads 2.0 w/SF 0.75 w/SF 0.4 w/SF

Plug 
Schedule

80% on at Night 40% on at 
Night

5% on at Night

Data Center 1.5 % of fl oor area, 100 
w/SF

NONE 1.5% of fl oor area, 35 w/
SF

nbi: new buildings institute  | Sensitivity Analysis15

BUILDING GEOMETRY
Total Area 53625 ft^2

Number of Floors 3  
Aspect Ratio 2:1  
Floor to Floor Height 13 ft

Floor to Ceiling Height 9 ft

Window to Wall Ratio 0.33  

Figure 2 shows an image from the NREL documentation of the envelope. 

The NREL benchmark models vary the thermal properties of the envelope 
to match the ASHRAE 90.1 code values for each climate. This study 
simplifi ed the modeling process by using the same thermal properties 
across all 16 climates. As described above, three values were chosen 
for each variable to represent a low-performance, base case and high-
performance building. The low-performance envelope values were 
selected using data collected in the development of the 2002 Northwest 
Commercial Baseline Study performed by Ecotope.4 The dataset included 
a sample of offi ce buildings from the Pacifi c Northwest; the 10th and 90th 
percentile envelope values were used for most of the thermal properties of 
the various “low-performance” envelope constructions. The glazing u-value 
was chosen to represent single pane with a thermally broken aluminum 
frame. The 90.1-2007 values were used for the base case building, 

4 David Baylon, M. Kennedy and S. Borelli. Baseline Characteristics of the Non-
Residential Sector in Idaho, Montana, Oregon, and Washington. Prepared for 
the Northwest Energy Effi ciency Alliance. October 2001.

Ta ble 2. Building Geometry

F igure 2. Building Geometry for 
Offi ce Prototype

Sensitivity Analysis







Question

?
Daylighting Investigations

- For an existing, East-facing highly-glazed facades,is there a best 
strategy to reduce glare and cooling loads?
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