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INTRODUCTION

2



About Me
• B.S.E., Mechanical Engineering 

q Sharif University of Technology Tehran, Iran, 2006

• M.S.E., Architectural Engineering
q The Pennsylvania State University, 2011

• Ph.D., Mechanical Engineering
q The Pennsylvania State University, 2014

• Experience relevant to this course
q ASHRAE, DOE, EPA, HUD, NSF, and industry projects
q University of Maryland College Park
q Licensed Professional Engineer 
q ASHRAE New Investigator 
q Developed and taught several courses at Illinois Tech
q Recipient of the Michael J. Graff Award for Innovation in Teaching
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Introduce Yourself

• Please introduce yourself

• Why did you choose this course? 

• What do you expect from the course?

• How do you think the course will have impact on your 
career?

• Do you have any relevant internship/work experience? 

• Are you looking for summer internship or full-time job?

• Did you take your FE exam? 

• Are you graduating this semester?
4



Course
Classroom and Meeting Time:

q CAE 465 Section 01: 15250 (undergraduate) – In class
q CAE 465 Section 02: 15239 (undergraduate) - Online
q CAE 526 Section 01: 15243 (graduate) – In class
q CAE 526 Section 02: 15244 (graduate) - Online

Classroom and Meeting Time:
q Location: HH 005
q Wednesdays, 1:50 PM – 4:30 PM

Course Website:
q All content will be provided on Blackboard
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Course Catalog Description
• Identification of the optimal energy performance achievable 

with various types of buildings and service systems

• Reduction of infiltration

• Control systems and strategies to achieve optimal energy 
performance 

• Effective utilization of daylight, heat pumps, passive and 
active solar heaters, heat storage and heat pipes in new and 
old buildings

6



Instructor’s Course Objectives & Learning Outcomes

1. Analyze energy consumption patterns in the buildings

2. Understand impacts of the building rating systems and sustainability 
measures to design energy efficient buildings

3. Become an expert in preparing calibrated building energy models to 
predict energy consumption patterns of building energy end-uses

4. Perform different building energy retrofit scenarios to provide 
opportunities to reduce energy and greenhouse gas emissions of 
buildings

5. Understand the impacts of influential parameters on energy end-uses 
of buildings

6. Visualize and analyze building performance data and applying 
statistical methods to compare the metered with the simulated results
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Office Hours
Instructor:
• Office hours are by appointment only. Please email me to

schedule an appointment. Or stop by when you see my
office door open to see if I’m free. I have an open door
policy.

q Office: Alumni Memorial Hall Room 204
q Email: muh182@iit.edu
q Phone: (312) 567-3426
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Office Hours
Teaching Assistant:
• TBD

q Name: Mingyu Wang, Ph.D. Student, Architectural Engineering
q Email: mwang88@hawk.iit.edu
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Textbook
• Lecture notes are sufficient for this course. I will also rely on 

several other materials in this course. These materials are 
entirely optional for the student; handouts will be given 
when necessary, so that no one is required to purchase 
these items. 

• You should have a copy of the 2017 or 2021 American 
Society of Heating, Refrigerating, and Air-Conditioning 
Engineers (ASHRAE) Handbook of Fundamentals (IP unit 
version) for use from your CAE 331/513: Building Science 
or CAE 464/517: HVAC Systems Design courses. I may 
refer to this for some of the topic in this class 
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Course Grading
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Grading scale A B C D F

UG and G 90% and up 80.0-89.9% 70.0-79.9% 60.0-69.9% <60.0%

Grading Quantity % of Total for Each % of Total

Assignments 5 5 25

Exam 1 30 30

Project Reports (Interim) 2 11 22

Final Report 1 15 15

Final Presentation 1 8 8



Homework Assignments
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• Homework sets will be assigned based on lecture 
coverages. The homework will involve hand calculations, 
development of spreadsheets, and/or learning the 
fundamentals and data analysis. You must work on the 
homework assignments individually.

• Homework assignments and project reports are due at the 
midnight on the day that it is due. Homework assignments 
and project reports will receive an absolute 5-point 
deduction for every day that it is late. 



Project and Presentation
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• The course project focuses on retrofitting an existing 
building. 

• The project has three deliverables described in the project 
assignment document. 

• Each student is responsible for working on the first two 
deliverable course project individually. The third deliverable 
will be a group project submission. 

• Students are required to present their report at the end of 
the semester during the assigned university exam week.



Exam
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• There will be one take home class exam during the 
semester of the fundamental concepts and applications 
learned in the course. Each student is responsible for 
working on exam individually. 



Course Topics
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Week Date Topics Assignment Due

1 08/24/22 Introduction to (i) course objectives, (ii) CAE 331/513 and CAE 464 
review, and (iii) energy consumption in the building sector

2 08/31/22 Building energy consumption patterns and building performance 
analysis

3 09/07/22

Building energy balance, building energy simulations, brief overview 
of heating and cooling loads and intro to OpenStudio

Project Assigned 
Assignment #1

4 09/14/22 Building energy modeling training (OpenStudio training) Assignment #2

5 09/21/22 Advanced building mechanical systems Assignment #3

6 09/28/22 Building energy modeling training (OpenStudio training – advanced 
features)

7 10/05/22 Model calibration and uncertainty analysis Assignment #4

8 10/12/22 Building energy audits and commissioning  Project 
Deliverable #1



Course Topics
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Week Date Topics Assignment Due

9 10/19/22 Building retrofit and energy efficiency measures (EEMs) – Part 1

10 10/26/22 Building performance metrics and life cycle analysis Assignment #5

11 11/02/22 Exam (Take Home)

12 11/09/22 Building retrofit and energy efficiency measures (EEMs) – Part 2

13 11/16/22 Building retrofit and energy efficiency measures (EEMs) – Part 2 and 
class activity

Project 
Deliverable #2

14 11/23/22 Thanksgiving – No Class

15 11/30/22 Building to grid integration and utility programs

16 TBD Student Project Presentations 
(During the Final Exam) Final Presentation

17 TBD Final Project Report Final Report



Academic Honesty
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• It is your responsibility to be familiar with IIT’s Code of 
Academic Honesty. The Code of Academic Honesty can be 
found online: https://www.iit.edu/student-affairs/student-
handbook/fine-print/code-academic-honesty

• You must submit your own work for homework. You are 
encouraged to discuss and even work with other students 
on homework (unless explicitly told otherwise), but material 
that is submitted must be your own work

https://www.iit.edu/student-affairs/student-handbook/fine-print/code-academic-honesty


Academic Honesty
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• For a first violation of the IIT Code of Academic Honesty 
for a homework or project, the homework will receive a 
grade of zero for all involved students and the students 
will be reported to the Designated Dean for Academic 
Discipline (DDAD)

• For a first violation of the Code of Academic Honesty for a 
major project or an examination, the student will receive a 
failing grade for the course and the student will be reported 
to the DDAD. For a second violation, the student will 
receive also failing grade for the course and be reported to 
the DDAD 



Personal Problems
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• If you have illness or personal problems that will affect your 
performance during the course of the semester, please let 
me know as soon as possible

• “After the fact” provides little protection unless there are 
extreme circumstances. Contact the instructors by phone or 
e-mail at any time



Personal Problems
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• Academic Regulations: https://web.iit.edu/student-
affairs/handbook/fine-print/academic-and-department-
regulations

“All students are expected to attend classes regularly. Excessive 
absences may be grounds for a failing grade. Non-attendance does not 
constitute an official withdrawal. When illness or emergency requires a 
student to miss an exam and/or more than two days of class, the student 
must notify the course instructor. It is also recommended that the student 
contact the office of the Dean of Students (dos@iit.edu) to request an 
excused absence. It will be necessary to provide written documentation of 
the reason for the absence(s). The Office of Student Affairs manages the 
process for requesting and documenting excused absences but the 
decision to excuse an absence is generally made by the Professor. Faculty 
members determine their own policies for attendance and make-up work.”

https://web.iit.edu/student-affairs/handbook/fine-print/academic-and-department-regulations
mailto:dos@iit.edu


Students with Disabilities
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• Reasonable accommodations will be made for students 
with documented disabilities. In order to receive 
accommodations, students must obtain a letter of 
accommodation from the Center for Disability Resources

• The Center for Disability Resources (CDR) is located in Life 
Sciences Room 218, telephone (312) 567-5744 or email: 
disabilities@iit.edu

http://disabilities@iit.edu


Sexual Harassment and Discrimination Information 
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• Illinois Tech prohibits all sexual harassment, sexual 
misconduct, and gender discrimination by any member of 
our community. This includes harassment among students, 
staff, or faculty. Sexual harassment of a student by a 
faculty member or sexual harassment of an employee by a 
supervisor is particularly serious. Such conduct may easily 
create an intimidating, hostile, or offensive environment.

• Illinois Tech encourages anyone experiencing sexual 
harassment or sexual misconduct to speak with the Office 
of Title IX Compliance for information on support options 
and the resolution process.



Sexual Harassment and Discrimination Information 
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• You can report sexual harassment electronically at 
iit.edu/incidentreport, which may be completed 
anonymously. You may additionally report by contacting the 
Title IX Coordinator, Virginia Foster at foster@iit.edu or the 
Deputy Title IX Coordinator at eespeland@iit.edu.

• For confidential support, you may reach Illinois Tech’s 
Confidential Advisor at (773) 907-1062. You can also 
contact a licensed practitioner in Illinois Tech’s Student 
Health and Wellness Center at student.health@iit.edu or 
(312)567-7550

• For a comprehensive list of resources regarding counseling 
services, medical assistance, legal assistance and visa and 
immigration services, you can visit the Office of Title IX 
Compliance website at https://www.iit.edu/title-ix/resources. 

http://iit.edu/incidentreport
mailto:foster@iit.edu
mailto:eespeland@iit.edu
https://www.iit.edu/title-ix/resources


LAST YEARS PROJECTS
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Final Project
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Final Project
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Final Project
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Final Project



REVIEW OF CAE 331/513 AND CAE 464
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CAE 331, 464, 513

• How many of you have taken any of these courses?
qHeat transfer processes
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CAE 331, 464, 513

• How many of you have taken any of these courses?
qHeat transfer processes
qThermal comfort 
qHVAC systems
qPsychometrics
qVentilation and indoor air quality
qCooling and heating load calculations
qEnergy estimation
qBuilding codes, standards, and guidelines 
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THE UTILITY OF BUILDING 
MEASUREMENTS
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How do we consume energy in buildings?

What are the fuel sources?



History of Energy Consumption in the U.S.
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https://www.eia.gov/todayinenergy/detail.php?id=10

A quad (or quadrillion) = 1015 BTU or 1.055×1018 J

https://www.eia.gov/todayinenergy/detail.php?id=10


History of Energy Consumption in the U.S.
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https://www.eia.gov/todayinenergy/detail.php?id=10

https://www.eia.gov/todayinenergy/detail.php?id=10


Energy Consumption Percentage
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2011 Buildings Energy Data Book 



Energy Consumption Percentage
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2011 Buildings Energy Data Book 



Energy Consumption Percentage
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U.S. energy consumption by source and sector, 2021



Energy Consumption Percentage

• Scout by the Department of Energy is a good resource to 
identify future energy projections:

https://scout.energy.gov/baseline-energy-calculator.html

https://scout.energy.gov/baseline-energy-calculator.html


ENERGY DEFINITIONS
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Definition
• Steam typically measured based on volume or heat/energy 

content:

§ therm
§ British Thermal Unit (BTU)
§ CCF

§ 1 CCF = 100 cubic feet = about 1 therm = 100,000 BTU
§ Pound of steam (klb)
§ Example of conversion factors: 

§ 1klb = 1194 kBtu
§ 3.412 kBtu = 1 kWh

41



Definition
• Chilled water is typically in heat/energy content:

§ Ton-Hr, BTU

42

𝐺𝑃𝑀 Δ𝑇
24

= 𝑇𝑜𝑛

�̇� = �̇�𝐶!Δ𝑇 = 𝜌�̇�𝐶!Δ𝑇 �̇� = �̇�𝐶!Δ𝑇 = 𝜌�̇�𝐶!Δ𝑇
§ 𝜌 = 61.14 lb/ft3

§ 𝐶! =1.00076 Btu/lb-F
§ 𝜌 = 999.78 kg/m3

§ 𝐶! =4.19 kJ/kg-K



Natural Gas
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https://accel.peoplesgasdelivery.com/home/reading_bill.aspx

https://accel.peoplesgasdelivery.com/home/reading_bill.aspx


Natural Gas
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https://www.nicorgas.com/residential/billingandpaymentoptions/understanding-your-residential-bill.html

https://www.nicorgas.com/residential/billingandpaymentoptions/understanding-your-residential-bill.html


Natural Gas
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https://www.mudomaha.com/my-bill/how-to-read-my-bill

https://www.mudomaha.com/my-bill/how-to-read-my-bill


Natural Gas
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• Where do we get the cost of natural gas? 

https://www.icc.illinois.gov/natural-gas-choice/purchased-gas-adjustment-rates

https://www.icc.illinois.gov/natural-gas-choice/purchased-gas-adjustment-rates


Natural Gas
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• Where do we get the cost of natural gas? 

https://www.eia.gov/dnav/ng/ng_pri_sum_dcu_SIL_m.htm

https://www.eia.gov/dnav/ng/ng_pri_sum_dcu_SIL_m.htm


Definition
• Electricity

§ Power = kW
§ Energy consumed = kWh 
§ Relationship = kW × Time = kWh
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Electricity
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https://www.comed.com/MyAccount/MyBillUsage/Pages/SampleResidentialBill.aspx

https://www.comed.com/MyAccount/MyBillUsage/Pages/SampleResidentialBill.aspx


Electricity
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https://www.comed.com/MyAccount/MyBillUsage/Pages/SampleBusinessBill.aspx

https://www.comed.com/MyAccount/MyBillUsage/Pages/SampleBusinessBill.aspx


Source vs. Site Energy
• Site energy or secondary energy is the energy consumed at 

the building site (e.g., electricity, steam, CHW)

• Source energy represents the raw amount of fuel, primary 
energy, that is required to operate the building (e.g., natural 
gas, fuel oil)

• Benefits of using of source energy:
§ Reduce likelihood of unintentionally penalized of one energy fuel 

type
§ Correlate more with the energy cost and impact on the climate

• Site energy also provides insights for the building energy 
use

51



Source vs. Site Energy
• There are conversion factors (source-to-site ratios) to 

convert the secondary energy to primary energy based on 
the location and fuel type

• The commonly accepted global conversion factors are 
presented by EPA:

52

Fuel Type Source-to-Site Ratio
US Canadian

Electricity (grid purchase) 2.8 1.96
Electricity (on-site solar or wind energy) 1.0 1.0
Natural Gas 1.05 1.01
Steam 1.20 1.33
Chilled Water 0.91 0.57

https://portfoliomanager.energystar.gov/pdf/reference/Source%20Energy.pdf

https://portfoliomanager.energystar.gov/pdf/reference/Source%20Energy.pdf


Energy Utilization Index
• Total energy use: HVAC and Non-HVAC

q HVAC includes heating, cooling, fan, pump
q Non-HVAC includes, Service Hot Water (SHW), lighting, 

receptacles, elevators, process

• EUI: Energy use intensity (kBtu/ft2): 

𝐸𝑈𝐼 =
𝐸𝑛𝑒𝑟𝑔𝑦 𝑈𝑠𝑒
𝐵𝑢𝑖𝑙𝑑𝑖𝑛𝑔 𝐴𝑟𝑒𝑎
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CLASS ACTIVITY
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Class Activity
• What happens if we electrify all buildings right now in IL? 
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Class Activity
• Anything else? 

56
https://www.comed.com/SiteCollectionDocuments/SafetyCommunity/Disclosure/Environmental_Disclosure_12_months_ending_12312021.pdf

https://www.comed.com/SiteCollectionDocuments/SafetyCommunity/Disclosure/Environmental_Disclosure_12_months_ending_12312021.pdf


COMMERCIAL BUILDING ENERGY 
CONSUMPTION SURVEY (CBECS)

57



CBECS
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https://www.eia.gov/consumption/commercial/about.php

• CBECS is a national sample survey:
q Collect information on the stock of U.S. commercial buildings. 

The scope is:
§ All buildings that at least half of the floorspace is used for a 

purpose that is not residential, industrial, or agricultural 
§ Schools, hospitals, correctional institutions, and religious worship 

buildings
§ Traditional commercial buildings such as stores, restaurants, 

warehouses, and office buildings

q Include information on:
§ Energy-related building characteristics 
§ Energy usage data (consumption and expenditures)

https://www.eia.gov/consumption/commercial/about.php


CBECS
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CBECS
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CBECS
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CBECS

62What do you see here? 



CBECS

63What do you see here? 



CBECS

64What do you see here? 



CBECS

65What do you see here? 



CBECS

66What do you see here? 



CBECS

67What do you see here? 



CBECS

68What do you see here? 



CBECS

69



CBECS
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CBECS
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CBECS
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CBECS
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CLASS ACTIVITY
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Class Activity
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• From a group of two:
q Look at three different year consumption 
q Pick a category (e.g., electricity, major fuels, …)
q Pick a category (e.g., Table C13, C14, …)
q Compare the values for these three data collection years 



RESIDENTIAL BUILDING ENERGY 
CONSUMPTION SURVEY (RECS)
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RECS

77
https://www.eia.gov/consumption/residential/about.php

• RECS is a national sample survey of housing units:
q Collect information on:

§ Energy characteristics on the housing unit
§ Usage patterns
§ Household demographics

q 2015 survey cycle conducted via Web and mail forms, in 
addition to in-person interviews
§ The fourteenth RECS collected data
§ More than 5,600 households in housing units
§ Represent the 118.2 million housing units that are occupied as 

a primary residence

q 1978, the first survey was conducted

q 2020 is the most recent survey

https://www.eia.gov/consumption/residential/about.php


RECS
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https://www.eia.gov/consumption/residential/about.php

https://www.eia.gov/consumption/residential/about.php


RECS

79
https://www.eia.gov/consumption/residential/about.php

https://www.eia.gov/consumption/residential/about.php


RECS
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https://www.eia.gov/consumption/residential/reports/2009/state_briefs/pdf/IL.pdf

https://www.eia.gov/consumption/residential/reports/2009/state_briefs/pdf/IL.pdf


RECS
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https://www.eia.gov/consumption/residential/reports/2009/state_briefs/pdf/IL.pdf

https://www.eia.gov/consumption/residential/reports/2009/state_briefs/pdf/IL.pdf


New vs. Old Buildings
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• Newer U.S. homes are 30% larger but consume about as 
much energy as older homes



CLASS ACTIVITY
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Class Activity

84

• From a group of two:
q Calculate the percentage of heat pump installed in the past 

three years of data collection 



BUILDINGS IN CHICAGO
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Buildings in Chicago
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• Buildings in Chicago:

q 75% of Chicagoans live in a multifamily building

q 1.3 million housing units exist (Estimate)
§ 77% (or around 1 million units) are in multifamily buildings
§ 33% (300,000 units) of these multifamily units are 

condominiums (likely to be owner-occupied)
§ 67% (700,000 units) are likely to be rental units

q Chicago’s multifamily building stock is old 
§ Energy intensive
§ 75% of Chicago’s multifamily housing was built before 1942

Segmenting Chicago Multifamily Housing to Improve Energy Efficiency Programs, Elevate Energy



Buildings in Chicago
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Segmenting Chicago Multifamily Housing to Improve Energy Efficiency Programs, Elevate Energy



Buildings in Chicago
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Segmenting Chicago Multifamily Housing to Improve Energy Efficiency Programs, Elevate Energy



CITY BENCHMARKING
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Energy Benchmarking

90
Hsu, Energy Policy 2014



Chicago Energy Benchmarking
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https://data.cityofchicago.org/Environment-Sustainable-Development/Chicago-Energy-Benchmarking-Covered-Buildings/qbgc-xn9b

• Chicago energy benchmarking:
q Cover all commercial, institutional, and residential buildings 

larger than 50,000 square feet

q Requires existing municipal, commercial, and residential buildings 
larger than 50,000 square feet to:
§ Track whole-building energy use
§ Report to the City annually
§ Verify data accuracy every three years

q Cover less than 1% of Chicago’s buildings

q Account for approximately 20% of total energy used by all 
buildings

https://data.cityofchicago.org/Environment-Sustainable-Development/Chicago-Energy-Benchmarking-Covered-Buildings/qbgc-xn9b


Chicago Energy Benchmarking
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https://www.chicago.gov/content/dam/city/progs/env/Energy-Benchmark-Reports/2020_Chicago_Energy_Benchmarking_Report.pdf

• Chicago energy benchmarking:

https://www.chicago.gov/content/dam/city/progs/env/Energy-Benchmark-Reports/2020_Chicago_Energy_Benchmarking_Report.pdf


Chicago Energy Benchmarking
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https://www.chicago.gov/city/en/progs/env/ChicagoEnergyRating.html

• Chicago City Council approved updates to the Chicago 
Energy Benchmarking Ordinance in 2017: 

• Chicago Energy Rating System is implemented in 2019 to:
q Improve visibility and transparency of the information 

reported
q Keep existing requirements
q Require to place a placard in the building
q Range from zero to four based on Energy Star score
q Make Chicago the first city to assign an energy 

performance rating

https://www.chicago.gov/city/en/progs/env/ChicagoEnergyRating.html


Chicago Energy Benchmarking
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https://www.chicago.gov/city/en/progs/env/ChicagoEnergyRating.html

• Building can earn an extra star by improving its score by 
10 points within the past two years

https://www.chicago.gov/city/en/progs/env/ChicagoEnergyRating.html


Chicago Energy Benchmarking
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https://www.chicago.gov/city/en/progs/env/ChicagoEnergyRating.html

• The scale is based on:
q 4 stars -> 1st to 25th percentile for Source EUI
q 3 stars -> 25th to 50th percentile for Source EUI
q 2 stars -> 50th to 75th percentile for Source EUI
q 1 star -> Above the 75th percentile for Source EUI

q About 15% of buildings are unable to receive 1-100 Energy 
Star Score (EUI comparison is used)

https://www.chicago.gov/city/en/progs/env/ChicagoEnergyRating.html


Chicago Energy Benchmarking
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https://www.chicago.gov/city/en/progs/env/ChicagoEnergyRating.html

• A placard of 11’’ by 17’’ needs to be installed on a prominent 
location at the building

https://www.chicago.gov/city/en/progs/env/ChicagoEnergyRating.html


Chicago Benchmarking Data
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https://data.cityofchicago.org/Environment-Sustainable-Development/Chicago-Energy-Benchmarking-Covered-Buildings-Map/hpv9-sp6k

https://data.cityofchicago.org/Environment-Sustainable-Development/Chicago-Energy-Benchmarking-Covered-Buildings-Map/hpv9-sp6k


Chicago Benchmarking Data
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https://data.cityofchicago.org/Environment-Sustainable-Development/Chicago-Energy-Benchmarking-2019-Data-Reported-in-/jn94-it7m



Chicago Benchmarking Data
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https://data.cityofchicago.org/Environment-Sustainable-Development/Chicago-Energy-Benchmarking-2019-Data-Reported-in-/jn94-it7m

https://data.cityofchicago.org/Environment-Sustainable-Development/Chicago-Energy-Benchmarking-2019-Data-Reported-in-/jn94-it7m


LEADERSHIP IN ENERGY AND 
ENVIRONMENT DESIGN (LEED)
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LEED Buildings

101
New Buildings Institute 2008

Do LEED buildings save energy?



LEED Buildings
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LEED Buildings
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BUILDING ENERGY MODELING
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Building Energy Modeling

105
Maristany, 2019



Building Energy Modeling
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Maristany, 2019
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Sub-metering
• Sub-metering a commercial building is very expensive

– Sub-metering all components

Dasgupta et al., 2012, International High Performance Buildings Conference



Building Energy Modeling
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EEM Cost / Unit Cost Source

Occupancy Sensors $1.06/ft2 $     44,991 
RSMeans, "5 fixtures per 1000 S.F., including 

occupancy and time switching"

Condensing Boiler
$20,706 + 

$13.82/MBH
$     31,401 RSMeans, commercial gas boilers

Light Power Density 

Reduction 
$4.78/ft2 $   202,886 

RSMeans, "Fluorescent high-bay 4 lamp fixture, 

1W/sf,59FC, 4 fixtures per 1000 S.F."

Condensing Unit 

Replacement

$7,909 + 

$766/ton
$   132,687 

RSMeans, packaged air-cooled refrigerant 

compressor and condensor

Window Film 
$18.93/ft2 

glazing
$   182,311 

RSMeans, "Solar Films on Glass" average of 

min/max value

Wall Insulation
$4.78/ft2 wall 

area
$   927,930 

RSMeans, "4 in. EPS insulation, Commercial 

renovation Exterior Insulation and Finish System", 

Dahlhausen, M. PSU 2014



Building Energy Modeling
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Energy Efficiency Measures Simple Payback 

Condensing Boiler 9.4

Occupancy Sensors 10.4

Light Power Density Reduction 32.4

Condensing Unit Replacement 41.2

Window Film 70.7

Wall Insulation 247.0

Dahlhausen, M. PSU 2014



BUILDING ENERGY MODELING 
INPUTS
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Complexity of Data Collection

Asset Score, PNNL 2012



Weather Data
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• What is the best option for the selection of a weather data 
type?

q Actual Meteorological Year (AMY)

q Typical Meteorological Year (TMY)

q eXtreme Meteorological Year (XMY)



Impacts of Weather Data on Energy Use

113
http://www.ibpsa.org/proceedings/BS2015/p2707.pdf

http://www.ibpsa.org/proceedings/BS2015/p2707.pdf


Weather Data
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https://www.nrel.gov/docs/fy08osti/43156.pdf

https://www.nrel.gov/docs/fy08osti/43156.pdf
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Weather Stations in Chicago

http://climate.onebuilding.org

http://climate.onebuilding.org/
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IIT Weather Station

https://www.wunderground.com/history/daily/us/il/chicago/KILCHICA534/date/2018-8-20?cm_ven=localwx_history

https://www.wunderground.com/history/daily/us/il/chicago/KILCHICA534/date/2018-8-20?cm_ven=localwx_history
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Weather Station Calibration

https://www.wunderground.com/history/daily/us/il/chicago/KILCHICA534/date/2018-8-20?cm_ven=localwx_history

https://www.wunderground.com/history/daily/us/il/chicago/KILCHICA534/date/2018-8-20?cm_ven=localwx_history


BUILDING ENERGY RETROFIT
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Retrofit Suggestions
• Can we assume all auditors suggest the same retrofit 

packages?

EEB HUB 2012
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Retrofit Phases
• Suggested retrofit phases

Ma, Cooper, Daly, & Ledo, 2012
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ASHRAE Audit Levels
• Suggested retrofit phases

ASHRAE, 2013
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Retrofit Path
• Why do we consider this path?

ADEG, PNNL 2011



BUILDING ENERGY MODELING WITH 
OPENSTUDIO
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OpenStudio
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OpenStudio
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OpenStudio
• Air loop

§ Cooling coil
§ Heating coil
§ Fan 
§ Setpoint manager
§ Zone 
§ Terminal

TerminalZone

Fan

Setpoint

Cooling coil Heating coil



Heating and Cooling Systems
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Heating and Cooling Systems
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RETROFIT INCENTIVES
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Cooking Appliances
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Rebate Programs
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Rebate Programs
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Look for EnergyStar Labels

133



Smart Thermostats

134
Brian Bozell Presentation

• Examples of smart thermostats and associate savings



Home Electric Measurements & Utilities

ComedMarket.com

• Advanced Power Strips



Home Electric Measurements & Utilities
• Advanced Power Strips works based on the idea of plug load 

managements. They include:
– Couple of controlled outlets:

• Different thresholds (e.g. 10 W, 22 W, and 42 W) 
– 1-2 always on outlet(s)
– 1 master outlet

ComedMarket.com



Weatherization
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Weatherization
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Weatherization
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37.4 F 66.2 F



Weatherization
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41.5 F



Weatherization
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15.8 F

60.8 F



Weatherization
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• Examples of insulating the system



Weatherization
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