
Rename Yourself to be your Real Name (Company Name)

1. Click on Participant list

2. Go to the right and hover over your 

name

3. Select ñMoreò & ñRenameò

4. Enter your company name in 

brackets

5. Turn on your camera J



General Information

Á Schedule: Every Tuesday (June 3rdïJuly 8th) morning 

@ 10am ET

Á Sessions will be recorded

Á We want these VT to be interactive!

Á Weôre hoping you finish the VT with some big progress 

Á There will be homework ïjust try your best!
Á ñYouôll get out what you put in!ò

Links:

https://bptraining.ornl.gov/ 

http://betterbuildingssolutioncenter.energy.gov/better-plants

https://measur.ornl.gov    

https://bptraining.ornl.gov/
http://betterbuildingssolutioncenter.energy.gov/better-plants
https://measur.ornl.gov/
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Exploring Onsite Energy For Your Facility

Virtual Training: Onsite Energy Generation and Storage

 

Session #2

June 10, 2025

10:00am ï 12:00pm EST 



Training Overview

1. 06/03: Introduction to Onsite Energy Generation

2. 06/10: Exploring Onsite Energy For Your Facility

3. 06/17: Evaluating an Onsite Energy System

4. 06/24: Onsite Energy Success Stories and Overview Of Geothermal Systems

5. 07/01: Overview of Combined Heat and Power, Onsite Biomass, and Small Modular Reactors

6. 07/08: Considerations for Onsite Energy and Renewable Energy Supply Options



Agenda

1

2

3

4

5

Á Homework Discussion and Recap

Á Introduction to Onsite Energy Technologies: Solar, Wind Power, and Battery Storage
Á Indraneel Bhandari, ORNL

Á PVWatts Demonstration

Á Q&A

Á Homework Assignment
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Review of Session #2 Homework

ÁComplete the utility bill information and find your facility roof or ground space 

for PV solar.

Á Retrieve facility address and usable roof/ground space

Á Collect Electric bills for your facility

Á Complete the utility bill exercise (Excel)



Review of Session #2 Homework

Á2360 Cherahala Blvd, Knoxville, TN 37932

Á1,845,968 kWh

Á15,000 SF roof space
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Review of Session #2 Homework

ÁAutomotive Facility in Michigan

Á2,151,156 kWh per annum

ÁAverage Demand 390 kW and Peak Monthly Demand 516 kW
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Review of Session #2 Homework

ÁAutomotive Facility in Michigan

Á2,151,156 kWh 

Á47,916 SF of vacant land available

Á230,000 SF landscape and parking lot

ÁRoof determined to be unsuitable to 

support solar panels



Review of Session #2 Homework

ÁSubmission #2

Á4,915,365 kWh per annum

ÁAverage Demand 782 kW and Peak Monthly Demand 1,062 kW
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Review of Session #2 Homework

ÁSubmission #3: Iron & Steel Plant in 
Ohio
Á33M KWh if operating 30 days with no 

Maintenance Outages

Á26M to 28M KWh during some months 
that include 3-4 days down for 
maintenance

Á1,132,560 SF (26 acres) of vacant land 
available

Á90,000 SF roof

ÁRoof determination and site constraints
2400 volt 3-phase

Delta circuit feed

138kv utility feed



Review of Session #2 Homework

ÁSubmission #4: Automotive Parts Facility

Á21,035,458 kWh per annum

ÁAverage Demand 3,440 kW and Peak Monthly Demand 4,042 kW
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Click To Edit Master Title Style

Exploring Onsite Energy For Your 

Facility

Indraneel Bhandari

Oak Ridge National Laboratory
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Roadmap for Implementing Onsite Energy Projects 

15

Adapted from US Environmental Protection Agency, 2018, Guide to Purchasing Green Power: 

Renewable Electricity, Renewable Energy Certificates, and On-site Renewable Generation. 

https://www.epa.gov/sites/production/files/201601/documents/purchasing_guide_for_web.pdf 

https://www.epa.gov/sites/production/files/201601/documents/purchasing_guide_for_web.pdf


Benefits of Onsite Energy

Onsite 
Energy

Cost Savings

ResilienceCorporate Goals

IndependenceGrid 

Support

InnovationLocal 

Engagement



Roadmap for Implementing Onsite Energy Projects 

17

Adapted from US Environmental Protection Agency, 2018, Guide to Purchasing Green Power: 

Renewable Electricity, Renewable Energy Certificates, and On-site Renewable Generation. 

https://www.epa.gov/sites/production/files/201601/documents/purchasing_guide_for_web.pdf 

https://www.epa.gov/sites/production/files/201601/documents/purchasing_guide_for_web.pdf
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Poll Time!



U.S. Electricity Demand Rise

19

Source: U.S. Energy Information Administration, Monthly Energy Review and Short-Term Energy Outlook, May 2025

Á Commercial Sector

Á Information Technology

Á Fleets and Transportation

Á Residential Sector

Á Manufacturing Sector

Demand is Rising

https://www.eia.gov/totalenergy/data/monthly/
https://www.eia.gov/outlooks/steo/


U.S. Electricity Demand Rise

20

Source: U.S. Energy Information Administration, Monthly Energy Review and Short-Term Energy Outlook, May 2025

Á Commercial Sector

Á Information Technology

Á Fleets and Transportation

Á Residential Sector

Á Manufacturing Sector

Demand is Rising

https://www.eia.gov/totalenergy/data/monthly/
https://www.eia.gov/outlooks/steo/


PV, Wind, and Battery Storage

21U.S. DEPARTMENT OF ENERGY

Source: U.S. Energy Information Administration, Short-Term Energy Outlook, May 2025

https://www.eia.gov/outlooks/steo/


PV, Wind, and Battery Storage

22

Often Grouped together:

ÅMost prevalent sources of onsite renewable generation

ÅPV and wind have complementary generation profiles

Source: ERCOT, June 6th, 2025



23

Solar Energy



Solar Energy Technologies

Electricity

ÁPhotovoltaic (PV)

ÁConcentrated Solar Power (CSP)

Thermal Applications

ÁSolar Hot Water Systems

ÁSolar Space Heating and Cooling 

ÁSolar Process Heat
Solar PV CSP

Evacuated Tube Solar Hot Water 

Collectors (up to 750oF)
Parabolic Solar Trough Transpired Air Collectors

(Solar preheating for ventilation air)

24



Solar Resource

25

Å Irradiance: Incoming solar radiation received per unit area (W/m²)

Å Direct Normal Irradiance (DNI): Solar radiation received directly 

from the sun on a surface perpendicular to the sunôs rays; used for 

concentrating solar power systems.

Å Diffuse Horizontal Irradiance (DHI):Solar radiation scattered by 

the atmosphere and received from all directions on a horizontal 

surface (equally).

Å Global Horizontal Irradiance (GHI):Total solar radiation received 

on a horizontal surface, including both DNI (projected) and DHI 

(scattered)

Image Source: Abou Jieb, Y., Hossain, E. (2022). Solar Resources. In: Photovoltaic Systems. 

Springer, Cham. https://doi.org/10.1007/978-3-030-89780-2_4 

https://doi.org/10.1007/978-3-030-89780-2_4


PV Cells

26U.S. DEPARTMENT OF ENERGY

Image Source: HEP Solar USA



How Solar PV Technology Works?

ÁConcept

ÁMain components
Á Panels

Á Inverter

Á Battery

Á Distribution

ÁNameplate capacity rating 

(kWdc & kWac)

27

Image Source: https://www.linkedin.com/pulse/what-solar-energy-how-do-panels-work-blue-jay-technology-co-ltd/  

https://www.linkedin.com/pulse/what-solar-energy-how-do-panels-work-blue-jay-technology-co-ltd/


Alternating Current (AC) PV System with Inverter

Different Inverter Arrangements:

Central Inverter

String Inverter

Micro-inverter (on each PV Module)

DC Optimizer

Inverter

AC panel

DC  disconnect

Combiner

Box

Line 1

Line 2

From utility

Breakers to AC loads

Main breaker

Ground

AC disconnect

Graphic by Andy Walker, NREL



Solar PV is Modular

String

Table Array

System Array

Power Plant

Adapted from Andy Walker, NREL



Type of Solar PV Installations

Ground Mounted Rooftop Mounted

Source: NREL, 2016. Facility-Scale Solar Photovoltaic Guidebook

1. Distributed Generation (Distributed Energy Resources, DER)

2. Utility-scale Generation (> 2 MW)

a) Residential (3 - 10 kW)

b) Commercial/Industrial (10 kW - 2 MW)
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Type of Solar PV Orientations

31

Fixed Tilt Single-Axis Tracker

Image Source: ArctechImage Source: PVCase.com

Now with Bi-Facial Panels



Type of Solar PV Orientations: Dual-Axis

Image Source: https://www.solarcentex.com/
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Image Source: Chaowanan et al. 2020 https://doi.org/10.1016/j.seta.2019.100618.



Type of Solar PV Orientations: Vertical 
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Image Source: Next2SunImage Source: PVMagazine

With Bi-Facial Panels



PV Module Nameplate
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Source: Firstsolar



Capacity Factor (CF)

ÁCapacity Factor (CF) is a ratio of 

energy (kWh or MWh)

35

CF 
╪╬◄◊╪■ ▄■▄╬◄►░╬░◄◐ ▬►▫▀◊╬◄░▫▪

□▫▀▄■▄▀ ▬►▫▀◊╬◄░▫▪

Resource 

Based System 

Performance 

Indicator

ÁCapacity = Maximum Power Output (kW or MW)



Key System Performance Indicators:

Availability (A) and Performance Ratio (PR)

Å ñInformation categoriesò for reporting status 

IEC 63019-1: 2019:

ï ñRaw availabilityò versus exclusions (e.g., 

force majeure, utility outage, snow coverage)

ï High-resolution (e.g., hourly, daily) data and 

reporting required for accurate estimate of 

Availability

═
◄▫◄╪■ ◄░□▄ ▀▫◌▪◄░□▄

◄▫◄╪■ ◄░□▄

PR 
□▄╪▼◊►▄▀ ▬►▫▀◊╬◄░▫▪

□▫▀▄■▄▀ ▬►▫▀◊╬◄░▫▪
Å Measured production

ï Production meter: 15-minute; hourly; monthly.

Å Modeled production (IEC 61724-1)

ï Detailed System Description (PV modules, inverter) 

ï Coincident Climate (solar and temperature) data

ï Simulation by SAM.nrel.gov or other programs

Benchmark 
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Performance Ratio

85%

50%    60%    70%    80%    90%    100%

Performance Ratio

Walker, Andy, and Desai, 
Jal. Understanding Solar 
Photovoltaic System 
Performance: An Assessment of 
75 Federal Photovoltaic Systems. 
United States: N. p., 2021. Web. 
doi:10.2172/1838130.

System 

Performance 

Indicators

Source: Andy Walker, NREL



Solar PV Performance

39

Global Horizontal Solar Irradiance (GHI) - kWh/m2/day

1. Geographical location: PV systems 
perform better in the Southwestern US

2. Time of day: Day vs night hours

3. Season: Summer vs winter 

4. Local landscape: Terrain; 
flat plains, hills, mountains, 
forests.

5. Local weather: Number of 
days cloudy vs days sunny

GHI @ Arizona = 5.5 ï6.0 kWh/m2/day

GHI @ Minnesota = 3.0 ï3.5 kWh/m2/day

Source: NREL, 2018. NSRDB: National Solar Radiation Database



Integration of PV into Energy System

Building Level

Substation Level

Generation

Utility Economics

40

Grid Level

ÅSizing of Electrical System to Building

ÅOvercurrent Protection on Electrical Service

ÅVoltage Regulation

ÅPower Factor

ÅVoltage Stability of Electric Grid

ÅFault detection and interruption

ÅRamp Rates

ÅSpinning Reserve

ÅAllocating Costs and Resources

ÅSubstation bus arrangement, intertie

Source: Andy Walker, NREL



PV Solar System Costs

42

*Installed Costs only

Source: DOE Factsheets Solar Photovoltaic Panels For Industrial Applications

Total Installed Costs for PV Systems by Scale

System Scale Size Mounting Orientation Cost ($/kW)

Medium 

Commercial / Small 

Industrial

200 kW Rooftop Fixed Tilt $1,860

Large Commercial / 

Industrial
3 MW Ground

Fixed Tilt $1,656

Single-Axis Tracking $1,822

Utility 200 MW Ground Single-Axis Tracking $1,161

https://betterbuildingssolutioncenter.energy.gov/sites/default/files/attachments/Solar_Photovoltaic_Panels_Industrial_Applications.pdf


PV Solar System O&M Costs

43

Q1 2023 U.S. PV cost benchmarks

Source: Ramasamy, Vignesh, Jarett Zuboy, Michael Woodhouse, Eric OôShaughnessy, David Feldman, Jal Desai, Andy Walker, 

Robert Margolis, and Paul Basore. 2023. U.S. Solar Photovoltaic System and Energy Storage Cost Benchmarks, With Minimum 

Sustainable Price Analysis: Q1 2023. Golden, CO: National Renewable Energy Laboratory. NREL/TP7A40-87303. 

https://www.nrel.gov/docs/fy23osti/87303.pdf. 



Decisions Affecting PV System Cost and Performance 

Equipment Selection

Siting Considerations

System Types 

Module Rack

Inverter Topology

Wire Management

Vegetation

Hail Testing Inverter Testing

Ballasted Rack Attached Rack

Roof Mount         Ground Mount           Carport

Wire ties    Connectors    Conduit Raceway   Direct-bury

Micro-inverter   String Inverter  Central Inverter

Source: Andy Walker, NREL



Summary: Photovoltaics for Industrial Applications

ÁWhat makes a site a good fit for this technology?

ÁAvailable area on new roof (or land area)

ÁAdequate electrical service

ÁHigh Utility Rates and Tariff Schedule Details

ÁFavorable Utility, State, and Local Policies

ÁCorporate goals and on-site champion

ÁAdequate solar resource

ÁWhen should a site consider this technology?

ÁNew building or new roof project

Rules of Thumb

Cost: $1500/kW

O&M Cost: $15/kW/year

Efficiency: 20%

Roof Area: 100 sf/kW

Land Area: 3-6 Acres/MW

Energy: 1500 kWh/kW/year

Capacity Factor: 0.17

Hours/day: 5 hours

Performance Ratio: 85%

Source: Andy Walker, NREL
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5 Minute Break
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Wind Energy



Brief History of Wind Turbines

48

Mechanical Power Electrical Power

Image Source: technologystudent



Wind Energy Technologies

System Variations

ÁAxis orientation

ÁTower height

ÁRotation capabilities

ÁBlade counts and orientations

Horizontal Axis Wind Turbine

Vertical Axis Wind Turbine

49



Increasing Hub Heights

50

Image Source: DOE

Hub Height

Hub



Hub and Nacelle
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Hub Height

LƳŀƎŜ {ƻǳǊŎŜΥ ¦Φ{Φ 5h9Σ ²ƛƴŘ 9ƴŜǊƎȅ ¢ŜŎƘƴƻƭƻƎƛŜǎ hŦŦƛŎŜ όнлноύ άIƻǿ ŀ ²ƛƴŘ ¢ǳǊōƛƴŜ 
Works - ¢ŜȄǘ ±ŜǊǎƛƻƴέΦ https://energy.gov/eere/wind/inside-wind-turbine-0, Flaticon

https://energy.gov/eere/wind/inside-wind-turbine-0


Wind Turbines Operation
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Å The rotor (hub and rotor blade assembly) 

captures wind that creates torque 

(rotational force) that spins a low-speed 

shaft

Å The gearbox increases the shaft speed 

which turns a generator

Å The generator produces 

electricity

Å Multiple turbines are connected to form a 

wind farm

ÁWind farm design should consider turbine to 

turbine spacing 

Image Source: Siemens Stiftung Media Portal



Wind Turbines Operation

ÁSize of the Blades

ÁGenerator Capacity

53

=   Rating (kW or MW)

~   Wind-Swept Area = More Energy



ÁBelow Rated Speed

ÁOperate at maximum power 

coefficient

ÁOptimum power tracking

ÁAbove Rated Wind Speed

ÁLimit power output to grid

ÁLimit turbine loads

Wind Power Curve
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Source: Jennifer King, NREL

Manufacturer 

Power Curve

Cut-In 

Speed

Rated

Speed

Cut-Out 

Speed

Rated Power

Power increases with the 

cube of the wind speed



Wind Turbines: Specific Power
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Sources: Jennifer King (NREL), Berkeley Labs

Specific Rating  or Specific Power 
╖▄▪▄►╪◄▫► ╢░◑▄

║■╪▀▄ ╢░◑▄ ╦░▪▀ ╢◌▄▬◄ ═►▄╪

Large Blades, Large 

Generators

High Specific Power 

(HSP)

Low Specific Power 

(LSP)

Generator 

Size

Blade Size

Generally 

economic, 

lower LCOE



Å Transportation constraints for
land- based deployment

Å Offshore turbines are much
larger than land-based
turbines

Å Fewer installation and
transportation constraints
offshore

Å Larger turbines lower project
costs

ï Fewer turbines are 
cheaper to maintain

ï Wind speeds higher at
taller heights

Å No hard limits to further
turbine growth*

Wind Turbine Size

57

Source: NREL, https://www.nrel.gov/docs/fy07osti/42005.pdf 

https://www.nrel.gov/docs/fy07osti/42005.pdf


Siting Wind Power

Location Considerations
ÁLoad Proximity

ÁLocal Zoning and Regulations

ÁCommunity Stakeholders

ÁMaintenance Access

ÁInterconnection and Grid

58

Setbacks
ÁRoads

ÁProperty Lines

ÁNoise

ÁWildlife and Airspace

ÁRadar Interference

Rule of thumb: 

1.1 Times Tip Height 

(top of blade) exclusion

Shared Infrastructure 

will help with project 

costs and delivery



Wind in USA
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Sources: ACP, U.S. Wind Turbine Database, AWS Truepower, Berkeley Lab, Land-Based Wind Market Report: 2024 Edition

https://www.energy.gov/eere/wind/land-based-wind-market-report


Distributed Wind Costs

60
Source: NREL, ATB 2023


