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Learning 
Objectives
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1. Understand the components of building energy 
modeling 

2. Understand the effect of building energy modeling on 
ground heat exchanger (GHX) design for an individual 
building

3. Understanding the effect of building energy modeling 
on GHX design for a district geothermal system



Building Energy Modeling Components



Building Energy Modeling Tools 
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TRACE 3D Carrier HAP eQuest EnergyPlus

… and more!



▬ Weather Data (location, TMY3)
▬ Building Area (sf) 
▬ Building Occupancy
▬ Space Temperature Setpoints  

▬ Ventilation Loads (ASHRAE 62.1) 
▬ Internal Loads (equipment, lighting, people) 

▬ Building Envelope (ASHRAE 90.1, Passive House) 
▬ Infiltration Loads 
▬ Schedules (occupancy, lighting, equipment)

Building Energy Modeling Components 
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▬ Existing buildings 
▬ Poor Insulation 

▬ Insulation 
▬ BMS Controls 

▬ Energy Recovery

▬ Passive house design
▬ Heating dominant loads 

could become cooling 
dominant loads 

Business-as-usual
Code Compliance/

ASHRAE 90.1
Exceeding Code 

Compliance

Building Energy Modeling Applications 
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▬ GOAL: Capture the actual 
building energy performance 

▬ Temperature setpoints (design vs. 
actual) 

▬ Calibrate with utility bills (natural 
gas, electricity) 

▬ Schedules
‐ Occupancy/Lighting/Equipment 

‐ Domestic Hot Water Hourly Load 
Profiles

Building Energy Modeling Accuracy 



2023 ASHRAE HVAC Applications Handbook Chapter 51 Service Water Heating 8

Domestic Hot Water Hourly Load Profiles 



2023 ASHRAE HVAC Applications Handbook Chapter 51 Service Water Heating 9

Domestic Hot Water 
Hourly Load Profiles 



Knowledge Check #1

What are some components of building 
energy modeling?



▬ Weather Data (location, TMY3)
▬ Building Occupancy 
▬ Building Area (sf) 
▬ Ventilation Loads (ASHRAE 62.1) 

▬ Internal Loads (equipment, lighting, people) 
▬ Building Envelope (ASHRAE 90.1, Passive House) 

▬ Infiltration Loads 
▬ Schedules (occupancy, lighting, equipment)
▬ Space Temperature Setpoints 

Building Energy Modeling 



Building Energy Modeling Effect on 
GHX Design  
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Peak vs. Annual Energy Loads 
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Thermal Drift

HEATING DOMINANT
 

COOLING DOMINANT
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Optimizing GHX Design

22 500’ Boreholes @ 30’ OC
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Optimizing GHX Design

11 800’ Boreholes @ 30’ OC
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Optimizing GHX Design

22 500’ Boreholes @ 30’ OC
 

11 800’ Boreholes @ 30’ OC
 



Individual Building Geothermal 



▬ Mixed-use new construction
‐ 800 Residential Units 

‐ 13,000+ sf Retail 

‐ Below Grade Parking 

▬ Cooling Dominant 

▬ 320 boreholes (500’ @  15’ OC)
▬ Ground Source Heat Pumps (apartments and common 

spaces) & Electric Heat (mechanical rooms & storage 
rooms) 

▬ Dry Cooler required for long term system thermal 
balance and performance 

CASE STUDY
1 Java – Brooklyn, NY 



Knowledge Check #2

How does building energy modeling effect 
GHX design for an individual building?



District Geothermal Systems



District Geothermal Building Energy Modeling 

Feasibility Study 

▬ UTEN: Evaluating 20+ sites to get down to one 

▬ Where do you begin? How much effort do you 
put into accurate building energy modeling? 

‐ Public assessors information 

‐ EUI factors based on occupancy and square 
footage

Detailed Design 

▬ Manual J calculations

▬ Existing plans & site visits to build detailed 
energy models 

▬ Important Characteristics for District System 

‐ Diversity of Loads (Commercial vs. 
Residential; Heating dominant vs. cooling 
dominant) 

‐ Annual balance of loads 
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CASE STUDY

Eversource Geothermal Pilot 
Project (Framingham, MA) 
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▬ One main and two recharge 
borefields

▬ Primarily Environmental Justice 
Community

▬ Mix of loads for system balancing
▬ 1+ mile of ambient loop piping
▬ Six outside stakeholders to 

integrate 
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Identifying Customers



Building the District & Getting the Loads
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▬ Transient modeling to 
assess the 
performance of the 
thermal system

▬ Ensure customers get 
similar entering 
water temperatures 
along the loop 

▬ Recharge Borefields 
boost temperature 

TRNSYS Modeling 



Knowledge Check #3

How does building energy modeling effect 
GHX design for a district of buildings?



Learning 
Objectives

28

1. Understand the components of building energy 
modeling 

2. Understand the effect of building energy modeling on 
ground heat exchanger (GHX) design for an individual 
building

3. Understanding the effect of building energy modeling 
on GHX design for a district geothermal system



Questions?



Thank you
Jacky Kinson: kinsonjr@cdmsmith.com, 617.452.6523

mailto:kinsonjr@cdmsmith.com


Building Energy Modeling
The Foundation of a GHX Design 

October 22, 2024

Jacky Kinson, EIT
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