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Todays Objectives

• What is energy modeling?

• What information goes into a model?

• What information comes out a model?

• How are models used to inform designs?

• What other purposes do models serve?

• How is Daylight Modeling used?



What is Energy Modeling?

-Whole building energy simulation

-Daylight analysis

-Solar PV analysis

-Life cycle analysis (LCA)



Whole Building Energy Simulation

A computational model, 
which includes the:

• Envelope

• Mechanical systems

• Internal loads 

• Occupancy patterns

• Local annual weather

In order to predict the annual 
operational energy use of a 
building



What Goes into a Model?



What Comes out of a Model?
Annual operational energy use



What is the Model Used For?

Inform the design Validate the design

Model various energy conservation 
measures early in the design

-Assess potential energy savings and 
incremental cost to determine 

payback period

-Make informed selection of ECMs to 
achieve greatest amount of energy 

savings with available capital

Required 
validation

Elective 
validation

-MEPA compliance

-Code compliance

-MSBA Compliance

-Municipality Compliance

-LEED (Certified/Certifiable)

Certification Programs 

-LEED Certification

-CHPS

-Passive House

Utility Incentive Programs

-Mass Save

-P4P

-NYSERDA



Often, a Project Requires all of Those
Residential Tower in Boston

• Started Model in Jan 2014

• Design Assistance Modeling in SD-DD

• Utility Incentive Model in DD-CD

• Code Compliance Model at 100% CD 

• LEED Model at 100% CD 





Modeling to Inform the Design

• Model various Energy Conservation Measures (ECMs) to assess how 
different design alternatives can reduce energy use.

Typical ECMs:

• Envelope (walls/roof/floor assemblies, windows, infiltration)

• HVAC equipment (system types, unit efficiencies, energy recovery ventilation, DCV, 
fuel switching)

• Internal Loads (Lighting Power Density, daylighting/occupancy controls)

• Occupancy patterns, setpoint controls



Informing the Design (Envelope ECMs)

Glazing U-value and SHGC

• Used lowest viable SHGC 

• Did not pursue lower U-value windows
• If shades/overhangs were viable, results would have been 

different



Informing the Design (HVAC ECMs)

• Water Source Heat Pumps

• Hybrid Heat Pumps (Hydronic Heating)

• Used Climatemaster WSHP 2.5 GMP/Ton 



Modeling to Inform the Design

Assess the potential operational energy savings 
and incremental cost of design alternatives.

In order to select ECMs that achieve greatest 
amount of energy savings with available capital. $$$





Validation Modeling

Baseline Case             vs                Proposed Case

Per Code, based on:
-ASHRAE 90.1 (2007,2010,2013)
-IECC (2012, 2015)
-Stretch Code (10% better than code)
-Mass Save Baseline Document

-As Designed, based on:
-Architectural drawings
-MEP drawings
-Landscape drawings
-HVAC Narratives 



Validation Modeling



Validation Modeling

Metric to measure savings:

• Site Energy

• EUI (site energy kBTU/SF)

• Source Energy 

• Energy Cost

• Green House Gas Emissions

Unfortunately, no standard metric, which confuses clients to no end.





Utility Incentives

Commercial version of Mass Save program

• Baseline code: Altered version of ASHRAE 90.1 
2013/IECC 2015)

• Energy Metric: Site energy

• Pays $/kWh saved 

• Pays $/Therms saved



Utility Incentives

• Utility Incentive Process

• SD/DD Design Charrette (Potential ECMs)

• DD Model with projected ECMs

• Mass Save projects potential incentive $

• Owner decides which ECMs to pursue

• 100% CD Model with final ECMs

• Post Construction inspection of Installed ECMs

• Incentives distributed 





LEED Minimum Energy Prerequisite / 
Optimize Energy Performance

Optimize Energy Performance Credit



LEED Minimum Energy Performance / 
Optimize Energy Performance

• LEED V4

• Baseline Code: ASHRAE 90.1 2010 

• Savings metric: % energy cost savings 
(typically)

• Pre-requisite requires 5% energy cost 
savings (NC)

• Optimize Energy Performance Credit 6%-
50% (up to 18 points)



LEED Optimize Energy Performance Credit 

Pursued Alternative Energy Performance 
Metric ACP

-Replaces Energy cost as the energy savings metric with:
-Source energy savings
-GHG emissions savings 

-Provides a more meaningful environmental metric, in 
which relative cleanliness of the local grid is accounted 
for

-Beneficial for projects in New England, given how clean 
our grid is 



LEED Optimize Energy Performance Credit

ACP: Greenhouse Gas Emissions 



LEED Optimize Energy Performance Credit
ACP: Source Energy



LEED Optimize Energy Performance Credit





Code Compliance

Code Compliance in Massachusetts
• Energy modeling is used when a project can’t use prescriptive compliance 

path

• Baseline Code: IECC 2015 / ASHRAE 90.1 2013 (with MA amendments)

• Energy metric: Site energy

• Projects must use meet, or use less energy than the Baseline

• Massachusetts Stretch Code: Buildings >100,000 SF must use 10% less site 
energy than Baseline (if in a stretch code community)



Code Compliance

Propose design used 19.8% less site 
energy than ASHRAE 90.1 2013 
Baseline



Models Completed for Project

• Design Assistance Model (~15 sets of ECMs)

• Final 100% CD Proposed Case model

• LEED Baseline (ASHRAE 90.1 2010)

• Utility incentive Baseline (Altered ASHRAE 90.1 2013)

• Code Compliance Baseline (ASHRAE 90.1 2013)



Daylighting Analysis
• Types of Daylighting Analysis

• Illuminance study 
• Point in time analysis (typically 9am, 

12pm, 3pm on the Solstices and equinox

• Spatial Daylight autonomy
• Runs daylight analysis of every hour of the 

year, based on TMY weather file

• Percent of occupied hours that there is 
adequate daylight (300 lux) such that 
artificial light is not needed. 

• ASE: Percent of occupied hours that there 
is greater than 1,000 lux, creating glare 
issues





Daylight to Inform the Design

Large Office Building in Boston

• First floor Lobby/Café adjacent to 
a heavily glazed wall

• Primary concern was controlling 
glare in Lobby/Café without 
reducing daylight too much



Daylight to Inform the Design

Options Studied

• Original Design

• Reduced VLT

• Shading fins



Daylighting to Inform the Design

SDA Analysis (% of occupied hours above 300 lux)
Original Design Low VLT Shading Fins



Daylighting to Inform the Design

Glare Analysis (% of occupied hours above 1,000 lux)
Original Design Low VLT Shading Fins



Daylighting for LEED

• 3 ways to achieve daylight credit 
• SDA 300/50 (300 lux for 50% of occupied hours) 

• Illuminance

• On site measurement options

• Only counts “Regularly occupied spaces”

• Daylighting credit was very difficult in LEED V4, but has been updated 
to be more achievable in LEED V4.1.



Daylighting for LEED

SDA analysis for LEED V4.1

• If over 10% of regularly occupied spaces with over 1,000 Lux for 250 
hours/year identify how the glare will be addressed.


