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The AIA 2030 Commitment 
2014 Progress Report - Takeaways

“…… A standout finding from 2015 is the critical role 
of energy modeling in improving building design. 
Modeling early in the process helps ensure that 
there is greater interplay in the decision making 
between efficiency and aesthetics from the initial 
stages of a project. This negates the need to either 
undo design decisions that have already been made 
in exchange for improved performance, or altogether 
forgo those options because the project is too far 
down the road.”
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When is Energy Modeling Typically Used?



Energy Modeling to Achieve Net Zero

• The responsibility of the building energy modeler is to 
inform project design decisions that affect building 
energy performance.
• Site, Exposure & Building Shape Optimization
• Operational Parameters
• Thermal Envelope & Air Tightness
• Advanced Lighting Designs, Daylighting & Controls
• Process Energy Reduction
• High Performance HVAC Systems & Controls
• Ventilation Strategies
• Service Hot Water Improvements
• Renewable Systems

• LEED v4 Integrative Process Credit
• By the end of SDs, use “simple box” energy model to explore 

how to reduce energy loads.



• Describes a methodology to 
apply building energy modeling 
to the design process

• Recognizes that building energy 
simulation is most useful when it 
informs the design process

• Created to advance the use of 
timely building energy modeling 
to quantify how design decisions 
can affect building energy use 
when those design decisions are 
being made



Standard 209 Structure
• Climate & Site Analysis

• Benchmarking

• Energy Charette

• Energy Performance Goals in Owners Project Requirements

• Modeling Cycle Types
• Simple Box & Conceptual Design 
• Load Reduction
• HVAC System Selection & Mapping
• Design Refinement, Integration & Optimization
• Energy Simulation Aided Value Engineering
• As-Designed Energy Performance
• Addendum/Change Orders
• As-Built Energy Performance
• Post-Occupancy Energy Performance Comparison (M&V)



Benchmarking & Energy Goals
• Determine expected Site EUI 

(kBtu/SF) for code compliant design 
based on building type.

• Evaluate which energy end uses are 
expected to be largest energy 
consumers.

• Does the project have a ceiling for 
renewable energy capacity?

• Does owner have a targeted EUI 
prior to renewables?



Energy Simulation Aided Design for Buildings: 
Process Flow



Site Analysis 
Modeling: Shading 
by Adjacent 
Structures
• Evaluate the energy impacts of 

surrounding structures.

• Case study of shading effects 
by One Financial Plaza building 
in downtown Hartford.

• Building to be analyzed 
highlighted includes electric 
heat & daylighting controls



Site Analysis Modeling: 
Shading by Adjacent 
Structures
• 3D View in Simulation 

Software

• Reduces daylighting 
opportunities

• Less solar gain decreases 
cooling energy and 
increasing heating energy



Site Analysis, Load Reduction & Conceptual 
Design Modeling

• Identical internal loads & operations and both served by traditional VAV with HW reheat. 
• Below grade floor geometry reduces heating and cooling loads by eliminating 10% of above grade wall and 

window area, resulting in 1.9% reduction in overall building energy.
• Below Grade Alternative presents reduced daylighting opportunities which can be offset by installing Tubular 

Daylighting Skylights.
• Spaces that are not regularly occupied and with high internal loads are good candidates for below grade wall 

exposure. Ex. Data Centers & IT Rooms 

Base Case
Below Grade Alternative



Below 
Grade 
Alternative

Base Case

~395 Btu x 10e6

~315 Btu x 10e6



Simple Box/Load Reduction Modeling: 
Window to Wall Ratio & Geometry





HVAC System Selection Modeling: HVAC 
System Type Alternatives



HVAC System Selection Modeling

• High Performance HVAC system such as geo-thermal heat pumps and 
combination VAV DOAS + VRF are the leading HVAC designs to achieve net 
zero energy.

• HVAC System Type 
• Ventilation Strategies

• Comprehensive energy recovery
• Demand based ventilation
• Ventilation effectiveness
• Economizers, natural ventilation strategies

• Demand based thermostat controls
• Variable speed fans & pumps

• Static pressure reset controls for VSD fans

• Intermittent/cycling indoor unit fan operation



Annual HVAC Cost Comparison



Design Refinement Modeling: HVAC Mapping for
Dedicated System for Critical Zone

Case Study

• The Proposed Design has two multi-zone VAV units (MZ-VAV) split up 
to serve the north and south ends of the building.

• The system minimum ventilation ratio & the minimum supply flow 
ratio both dictated by the ventilation requirements of the critical zone 
in each system. 

• Critical zones such as the workshop area have the highest ventilation 
requirements, and the system minimum supply ratio is governed by 
these spaces during peak occupancy. 



Design Refinement Modeling: HVAC Mapping for
Dedicated System for Critical Zone



Design Refinement Modeling: HVAC Mapping for
Dedicated System for Critical Zone

• SZ-VAV achieves fan, heating and cooling energy savings by providing 
dedicated HVAC systems to serve critical zones that reduces the 
minimum supply flow ratios for the remaining zones served by the 
MZ-VAV systems.

• SZ-VAV systems will also have a reduced design fan power due to the 
reduced static pressure from removing zone reheat coils. 

• Relatively small pumping energy penalties are expected to 
accommodate the additional hot water and chilled water coils. 





Design Integration & Optimization Modeling: 
Individual Measure Modeling
• Quantify & map the energy performance of each building design 

aspect that contributes towards overall project performance.

• Identify each building design aspect that contributes an energy 
penalty.

• Provide measure recommendations or alternatives to further 
enhance building design.

• Case Study: University Lab Building
• Each baseline, designed and recommended aspects for the building.

• Saving of each specified & recommended design aspect.

• Narratives & Diagrams to illustrate recommendations



Design Integration & Optimization Modeling



Design Integration & Optimization Modeling



Design Integration & Optimization Modeling



Design Integration & Optimization Modeling
The occupancy schedule of the 

auditorium is assumed to be a consistent 

with the rest of the space in the building, 

which implies that the auditorium acts as 

a lecture hall with regular attendance. 

However, the actual anticipated schedule 

should be established, to understand if 

energy recovery or DCV or a combination 

of both is best suited.



Individual Measure Modeling: As-Designed



Design Integration & Optimization Modeling
• The total designed daylighting 

controlled wattage is 3,818 watts 
based on the primary sidelight zone 
area (see figure 5). 

• Advanced multi-zone daylighting 
controls are available to exceed the 
90.1-2010 minimum controlled 
wattage and achieve additional energy 
savings. 

• Once installed and combined with a 
field calibration, the multi zone 
daylighting receiver can uniquely dim 
up to 4 rows of lighting fixtures based 
on each row’s unique availability of 
natural daylight.



Individual Measure Modeling: As-Designed + 
Recommendations & Alternatives





Energy Modeling for Low Energy 
Projects:  Examples



UN City, Copenhagen

• Climate Zone 5A

• 544,823 ft2

• Office occupancy with public 
spaces and cafeteria

• Completed construction in 2014

• Received European Commission's 
Green Building Award for New 
Buildings, and LEED v3.0 Platinum



Completed Modeling Cycles

➢As-designed Energy Performance 
• Modeling and report in support of LEED v3 Energy and Atmosphere Credit 1 

and Prerequisite 2

➢Post-occupancy energy performance comparison
• M&V plan in support of LEED v3 Energy and Atmosphere Credit 5 –

Measurement and Verification Option D (calibrated simulation)
• Calibrated simulation and M&V report with the actual achieved savings



Design Features
Envelope: 

U-0.018 walls, U-0.026 roof, U-0.18 curtain wall, 54% window to wall ratio

HVAC:

• Chilled beams, radiant heating panels, variable volume DOAS in office areas 

• VAV with demand control ventilation in cafeteria, auditorium, and meeting areas 

• Fans run continuously during occupied hours, off during unoccupied hours

• Energy recovery with 75% effectiveness on all units

• Chillers COP 6.5 with seawater heat exchangers used as heat sink and water-side 
economizer 

• Purchased hot water from the city system

Lighting: LED with daylighting and occupancy sensors throughout

Renewables: PV with the estimated annual electricity production of 350 MWh



LEED Modeling

TMY3

Energy 
Savings

Baseline 
Energy Use

Proposed 
Energy Use

Assumed Operating Conditions



IPMVP Option D – Calibrated Simulation

Energy 
Savings

Calibrated 
Baseline 

Energy Use

Measured 
Energy Use

Actual operating conditions and weather during  M&V period



Key Adjustments to the Baseline Model

➢Weather file with actual conditions for M&V period

➢Thermostat setpoints and schedules based on 
measurements

➢Occupancy based on actual

➢Service water heating consumption as measured

➢Miscellaneous equipment based on the difference in the 
total measured electricity use for the building, and the 
measured HVAC and lighting electricity use



Site Measurements
• BMS and metering capabilities required by Danish building regulations and Danish/European 

standards was sufficient to support majority of metering

• Commissioning to meet requirements of EA Prerequisite 1 (fundamental commissioning) and EA c3 
(enhanced commissioning) 



Lighting Fixture Sampling Examples



Sample Measured Operating Conditions

• Occupied 6am – 7pm during weekdays

• Thermostat setpoints

• Exterior lighting runtime hours based on sample of fixtures
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Sample Measurements Affecting Proposed 
Design
Ocean Water Temperature
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Projected versus Actual Performance

• LEED models projected 
50% site EUI savings,  
56% cost savings relative 
to baseline, and              
40 kBtu/SF site EUI 
including renewables

• Site EUI during 1 year 
M&V period was            
29 kBtu/SF

Calibrated Proposed Design: 
Consumption by End Use



Sample Findings
• Based on the 

measurements, the building 
is occupied 7AM - 7 PM on 
weekdays

• Air-handlers and lighting 
were confirmed to be off 
during unoccupied hours 
with some minor exceptions

• Electricity consumption 
during unoccupied hours is 
50% of the peak, indicating 
opportunity for added 
savings by reducing 
miscellaneous loads (e.g. IT) 
during unoccupied hours
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Stetson Court Residence Hall, Williams College

• New ~27,000 square feet dormitory building for ~ 60 students

• Fully occupied except for 4 weeks a year



Completed Modeling Cycles

• Load Reduction (Schematic Design stage)

• HVAC system selection, design refinement, integration, and 
optimization (Design Development) 

• As-design energy performance (Construction Documents)

• As-built Energy Performance (Final energy model and LEED 
documentation)



Energy Charette



Benchmarking



Operating Conditions from the Owner

• HVAC systems modeled in occupied mode 24/7, except during 
vacation periods (4 weeks per year)

• In occupied mode, thermostat setpoint/setback is 68F/64F for heating 
and 76F/82F for cooling

• Hot water use of 25 gal/person/day. Higher than typical for dormitory, 
but below typical for multifamily

• Steam from campus plant must be used for space and service water 
heating



Establishing Load Reduction Priorities Based on 
Simple Box Model of LEED Baseline  



Heating and Cooling Load Components



Load Reduction Targets

Note 1: Measured infiltration was 0.11 CFM at 75PA



Load Reduction and HVAC System Selection



Design Optimization: ECM  Analysis



ECM  Analysis (continued)



Site Energy by End Use



Site Energy Use Intensity Results
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