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PROJECT
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Project
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• It is fine to submit Part 1 with Part 2 if you would like to 
spend more time 

• November 28, 2023 is a hard deadline



NET PRESENT VALUE
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Net Present Value
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• Did you draw the cash flow to calculate the NPV? 

• How does the equation look like? 

0        1        2  …        20       21     …             75

TC

CC OC OC OC

MC

OC OC

DC



Net Present Value
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PAYBACK PERIOD
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Payback Period
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• Let’s look at an example:



Payback Period
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• Let’s look at an example:



Payback Period
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• Let’s look at an example:



Payback Period
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• Let’s look at an example:



DATA CLEANING
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Data Cleaning
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• Let’s look at an example:
q Meter
q Consumption



Data Cleaning
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• Let’s look at an example:
q Meter
q Consumption



SETPOINT
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Setpoint
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• Energy data versus outdoor air temperature



Setpoint
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• Energy data versus outdoor air temperature



Setpoint
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• Energy data versus outdoor air temperature



SENSITIVITY ANALYSIS
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Sensitivity Analysis
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Sensitivity Analysis
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UTILITY RATES
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Utility Rates

• We are mostly aware of the flat rates, but there are time 
varying pricing utility rates. A few examples are:

q Real-time pricing 

q Day-ahead pricing 

q Block and index pricing 
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Utility Rates

• Time varying utility programs are important. Why? 
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Utility Rates

• Time varying utility programs are important. Why? 
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Utility Rates

• Demand response (DR) is defined as “Changes in electric 
usage by end-use customers from their normal consumption 
patterns in response to:

§ Changes in the price of electricity over time

§ Incentive payments designed to induce lower electricity use at 
times of high wholesale market prices

§ When system reliability is jeopardized
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Utility Rates
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https://www.energy.gov/eere/femp/demand-response-and-time-variable-pricing-programs 

https://www.energy.gov/eere/femp/demand-response-and-time-variable-pricing-programs


Utility Rates
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• We can look at the DR programs from this perspective:



Utility Rates
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• The control mechanism is with interaction 
of power utility and its consumers:

q In Centralized section, the consumers 
directly communicate with power utility, 
without interacting with each

q In the distributed program the interaction between consumers 
gives information to the utility about total consumption. In this 
method, the consumers has information about grid state and 
are able to react, if the system’s state is critical



Utility Rates
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• This DR is based on the motivation 
offered by provider to encourage the 
consumers to reduce the consumption 
which is based on:

§ The price-based (or time-based) 
§ Incentive-based



Utility Rates
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• In price-based, consumers are granted 
time-varying prices based on electricity 
costs in different time period:

§ Flat Pricing (FP)
§ Time of Use (TOU)
§ Critical Peak Pricing (CPP)
§ Peak Load Pricing (PLP)
§ Peak Day Rebate (PDR)
§ Real Time Pricing (RTP)



Utility Rates

• In Flat Pricing, customers know that the only way that they 
can reduce electricity bills is the reduction of electricity 
consumption
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Utility Rates

• Time of Use is originally a flat pricing with its application in 
different time periods

• In this method the consumers are charged different rates for 
energy they consume in different period of Day. 
§ Off-peak
§ Mid-peak
§ Peak

33
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Utility Rates

City \ Rate On-Peak Mid-Peak Off-Peak (Base) Months

Austin 6.54
(2 PM – 8 PM)

3.91
(6 AM – 2 PM & 
8 PM – 10 PM)

0.67 
(10 PM – 6 AM)

Jun. to Sept.

Minnesota 15.13
(9 AM – 9 PM)

N/A
3.02

(9 PM – 9 AM)
Jun. to Sept.

Honolulu 16.9 16.9 16 All Year

New York City 18.99
(8 AM – 12 AM)

N/A
1.34

(12 AM – 8 AM)
Jun. to Sept.

Chicago 18.99
(8 AM – 12 AM)

N/A
1.34

(12 AM – 8 AM)
Jun. to Sept.

San Francisco 25.8
(12 PM – 6 PM)

23.4 
(8:30 AM – 12 PM &

6 AM – 9:30 PM)

20.7
(12 AM – 8:30 AM &
9:30 PM – 12 AM)

May to Oct.

Phoenix (Summer) 15.41
(2 PM – 7 PM)

10.50
(11 AM – 2 PM & 
7 PM – 11 PM)

5.48
(12 AM – 11 AM)

May to Oct.

Phoenix (Summer Peak) 16.48
(2 PM – 7 PM)

10.70
(11 AM – 2 PM &
7 PM – 11 PM)

5.15
(12 AM – 11 AM)

July to Aug.

Summer TOU utility costs and hours for commercial buildings in 7 major cities (cents/kWh) 

Rates from 2017
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Utility Rates

Summer TOU utility costs and hours for residential buildings in 7 major cities (cents/kWh) 

City \ Rate On-Peak Mid-Peak Off-Peak (Base) Months

Austin 11.00
(2 PM – 8 PM)

6.22
(6 AM – 2 PM &

8 PM 10 PM)

1.19
(10 PM – 6 PM)

Jun. to Sept.

Minnesota 20.00
(9 AM – 9 PM)

N/A
3.02

(9 PM – 9 AM)
Jun. to Sept.

Honolulu 39.2 
(5 AM – 10 PM)

25.6 
(10 PM – 9 AM) 

16.8
(9 AM – 5 PM)

All Year 

New York City 20.53
(8 AM – 12 AM)

N/A
1.45

(12 AM – 8 AM)
Jun. to Sept.

Chicago 20.53
(8 AM – 12 AM)

N/A
1.45

(12 AM – 8 AM)
Jun. to Sept.

San Francisco 30.0
(3 PM – 8 PM)

N/A
22.0 

(12 AM – 3 PM &
8 PM – 12 AM)

Jun. to Sept.

Phoenix 24.47
(12 PM – 7 PM)

N/A
6.11

(7 PM – 12 PM)
May to Oct.

Rates from 2017
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Utility Rates

https://www.powerstream.ca/customers/rates-support-programs/time-of-use-pricing.html 

• TOU program for residential and small business (electricity 
demand is less than 50 kW) in Canada:

https://www.powerstream.ca/customers/rates-support-programs/time-of-use-pricing.html


37

Utility Rates

https://www.powerstream.ca/customers/rates-support-programs/time-of-use-pricing.html 

https://www.powerstream.ca/customers/rates-support-programs/time-of-use-pricing.html
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Utility Rates

http://www.ieso.ca/en/Power-Data/Price-Overview/Time-of-Use-Rates

http://www.ieso.ca/en/Power-Data/Price-Overview/Time-of-Use-Rates
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Utility Rates

https://www.powerstream.ca/customers/rates-support-programs/time-of-use-pricing.html 

• Offer a plan to residential, low volume, designated and multi-
unit residential:

https://www.powerstream.ca/customers/rates-support-programs/time-of-use-pricing.html


Utility Rates

• Critical Peak Pricing (CPP) is almost similar to TOU with 
price changes in at least one period due to the occasion of 
system stress

• The consumers usually receive notification of a new price in 
peak period a day ahead

• This method is not economically efficient for the consumers 
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Utility Rates

• In Peak Load Pricing (PLP) a day is separated to different 
period and different prices are assigned for each period

• The prices are announced a day ahead to the customers

• The price calculation is based on the average power 
consumption of the consumers in each period 
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Utility Rates

• In Peak Day Rebates (PDR) customers decide to whether 
reduce their consumption to critical events

• But they have also the opportunities to receive a rebate 
payment if they reduce their consumption below an 
estimated load threshold

• The results of a pilot study conducted in Connecticut, USA, 
showed that PDR is more advantageous compared to TOU, 
in terms of power reduction and consumer’s satisfaction 

• The same study showed that CPP is more beneficial that 
PDR
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Utility Rates

• Real Time Pricing (RTP) is defined with significant 
participation between customers and provider:

§ The provider announces the price before the start of each 
period (e.g., 15 minutes beforehand)

§ The consumer decide to modify the energy usage which will 
decrease the electricity bill

§ Based on the feedback from the consumers, the provider 
makes decision to define the price for the upcoming period

• RTP is found to be beneficial in industrial and commercial 
building but not in residential ones. 
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CLASS ACTIVITY
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Class Activity
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• Spend up to 20 minutes to find the utility rates for
q2022, 2023, and/or the proposed 2024
qChicago and two other cities in the US (geographic location)
qOne flat rate and one time varying rate
qResidential and commercial rates
qGrid’s emission rate (environmental disclosure) 

• Complete this table: 
q https://docs.google.com/spreadsheets/d/1eUYbP00uv7EYl3cB5poR

mNHMOfJb292LX-gPelbX1Yo/edit#gid=2037454586

https://docs.google.com/spreadsheets/d/1eUYbP00uv7EYl3cB5poRmNHMOfJb292LX-gPelbX1Yo/edit
https://docs.google.com/spreadsheets/d/1eUYbP00uv7EYl3cB5poRmNHMOfJb292LX-gPelbX1Yo/edit


REBATE PROGRAMS
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Rebate Programs

• Utility providers usually offer a range of rebate programs

47
https://www.choosedupage.com/wp-content/uploads/2020/01/ComEd-Standard-and-Custom-EE-Incentives-Fact-Sheet-2020.pdf 

https://www.choosedupage.com/wp-content/uploads/2020/01/ComEd-Standard-and-Custom-EE-Incentives-Fact-Sheet-2020.pdf


Rebate Programs
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• Focus on the indoor and 
outdoor lighting



Rebate Programs
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• EMS rebate programs



Rebate Programs
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• Custom rebate programs



Rebate Programs
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• HVAC rebate programs



Rebate Programs
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• Laboratory rebate programs



Rebate Programs
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• Motor and pump rebate programs



Rebate Programs
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• Make sure to follow the worksheets for each of these 
rebate programs 

https://www.comed.com/WaystoSave/ForYourBusiness/Pages/ApplicationsWorksheets.aspx?utm_source=Biz&utm_medium=Website&utm_campaign=Worksheets&utm_content=VanityURL 

https://www.comed.com/WaystoSave/ForYourBusiness/Pages/ApplicationsWorksheets.aspx?utm_source=Biz&utm_medium=Website&utm_campaign=Worksheets&utm_content=VanityURL


Rebate Programs
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• Make sure to follow the worksheets for each of these 
rebate programs 

https://www.peoplesgasdelivery.com/savings/rebates-residential 

https://www.peoplesgasdelivery.com/savings/rebates-residential


GAS RATES
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Gas Rates

• Two options are:

§ Index-Based Pricing

§ Fixed Rates
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Gas Rates

• Two options are

https://s3.amazonaws.com/ceschoice/products/ILPGL-MT0012SS-2884-11001/ILPGL-MT0012SS-2884-11001-v190725210024-en.pdf

https://s3.amazonaws.com/ceschoice/products/ILPGL-MT0012SS-2884-11001/ILPGL-MT0012SS-2884-11001-v190725210024-en.pdf
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Gas Rates

• Providers in Chicago

§ Nicor

§ People’s gas
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Gas Rates

• Daily Henry Hub Gas Price

https://www.eia.gov/todayinenergy/detail.php?id=37713

https://www.eia.gov/todayinenergy/detail.php?id=37713
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Gas Rates

• Future prediction

https://www.eia.gov/todayinenergy/detail.php?id=37713

https://www.eia.gov/todayinenergy/detail.php?id=37713


CLASS ACTIVITY
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Class Activity
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• Spend up to 15 minutes to find the utility rates for
q2022, 2023 and/or the proposed 2024
qChicago and two other cities in the US (geographic location)
qResidential and commercial rates

• Complete this table: 
q https://docs.google.com/spreadsheets/d/1eUYbP00uv7EYl3cB5poR

mNHMOfJb292LX-gPelbX1Yo/edit#gid=792149192

https://docs.google.com/spreadsheets/d/1eUYbP00uv7EYl3cB5poRmNHMOfJb292LX-gPelbX1Yo/edit
https://docs.google.com/spreadsheets/d/1eUYbP00uv7EYl3cB5poRmNHMOfJb292LX-gPelbX1Yo/edit


OTHER GASES RATES
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Other Gases Rates

• Consider other gases, e.g. propane, in different states:

https://www.eia.gov/dnav/pet/PET_PRI_WFR_DCUS_SMO_W.htm

https://www.eia.gov/dnav/pet/PET_PRI_WFR_DCUS_SMO_W.htm
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Other Gases Rates

• Consider other gases, e.g. propane, in different states:

https://www.eia.gov/dnav/pet/PET_PRI_WFR_DCUS_SMO_W.htm
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https://www.eia.gov/dnav/pet/PET_PRI_WFR_DCUS_SMO_W.htm


RENEWABLE ENERGY (SOLAR)
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Renewable Energy (Solar)
• There are a lot software tools available:

q PVWatts
q ComEd’s Solar Calculator
q Helioscope
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Renewable Energy (Solar)
• PVWatts:

q Navigate to the page:

https://pvwatts.nrel.gov/ 

https://pvwatts.nrel.gov/
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Renewable Energy (Solar)
• PVWatts:

q Select the site
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Renewable Energy (Solar)
• PVWatts:

q Add your inputs for the solar panels:
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Renewable Energy (Solar)
• PVWatts:

q Revise the default values based on the recommendation 
(when click on “I”)
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Renewable Energy (Solar)
• PVWatts:

q Make sure to visit the advanced parameters
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Renewable Energy (Solar)
• PVWatts:

q Review the monthly and hourly production
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Renewable Energy (Solar)

https://www.comed.com/SmartEnergy/MyGreenPowerConnection/Pages/GoingSolar.aspx 

• ComEd’s Solar Calculator 
q Navigate to the page:

https://www.comed.com/SmartEnergy/MyGreenPowerConnection/Pages/GoingSolar.aspx
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Renewable Energy (Solar)
• ComEd’s Solar Calculator 

q Put your building address:
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Renewable Energy (Solar)
• ComEd’s Solar Calculator 

q Make sure the address is correct
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Renewable Energy (Solar)

• Review the solar potential
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Renewable Energy (Solar)

• Select building type
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Renewable Energy (Solar)

• Enter the estimated monthly electric bill
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Renewable Energy (Solar)

• Select the utility rate structure
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Renewable Energy (Solar)

• Review the estimated installation cost, incentives, and 
payback period
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Renewable Energy (Solar)

• Review the incentives and rebates in detail:
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Renewable Energy (Solar)

• Review the incentives and rebates in detail:
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Renewable Energy (Solar)

• Review the incentives and rebates in detail:

https://www.helioscope.com/?gclid=Cj0KCQiAm5ycBhCXARIsAPldzoUr2ubRDvduY8SI
4duKsyGHPT1uvpVmZ0rSrkVBz3MgSTNnLexahiwaApYvEALw_wcB 

https://www.helioscope.com/?gclid=Cj0KCQiAm5ycBhCXARIsAPldzoUr2ubRDvduY8SI4duKsyGHPT1uvpVmZ0rSrkVBz3MgSTNnLexahiwaApYvEALw_wcB
https://www.helioscope.com/?gclid=Cj0KCQiAm5ycBhCXARIsAPldzoUr2ubRDvduY8SI4duKsyGHPT1uvpVmZ0rSrkVBz3MgSTNnLexahiwaApYvEALw_wcB
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Renewable Energy (Solar)

• A real-world installation 
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Renewable Energy (Solar)

• A real -world installation 
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Renewable Energy (Solar)

• A real-world installation 



HOW TO HARDSIZE YOUR MODEL

89



90

How to Hard Size Your Model

• Method 1:
q Find from EnergyPlus results
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How to Hard Size

• Method 2:
q Open the EIO extension file
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How to Hard Size

• Find the component that you would like to hard size
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How to Hard Size

• Open the EIO file:
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How to Hard Size

• Let’s look at another example



95

How to Hard Size
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How to Hard Size
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How to Hard Size
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How to Hard Size

• Method 3:
§ Using OpenStudio measure:

https://github.com/NREL/openstudio-calibration-
gem/tree/develop/lib/measures/HardSizeHvac 

https://github.com/NREL/openstudio-calibration-gem/tree/develop/lib/measures/HardSizeHvac
https://github.com/NREL/openstudio-calibration-gem/tree/develop/lib/measures/HardSizeHvac
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How to Hard Size

• Should the energy change before and after hard sizing your 
model? 


