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AGENDA

ò Introduction: 

òOverview: Solar Resource, History, Policies

òMarket drivers and status

òSolar Technologies

òPolicies, Rules, and Regulations



SOLAR AS A RESOURCE



US SOLAR RESOURCE



US SOLAR RESOURCE



HISTORY OF SOLAR

òSolar has been used for millennia ðprimarily for 
heat and fire

òPhotovoltaic effect first described: 1839 
éEdmond Becquerel

ò 1954- First  C-Si solar cells- Bell Labs
é 4% efficient- 11% achieved later

òSatellites

ò 1980- Arco solar first company to produce 1 MW 
of solar PV cell
é 1983 Worldwide pv prod = 21 MW



THE SOLAR MARKETPLACE TODAY

òGlobal demand is growing rapidly

òUS demand was about 18 GW in 2022

òChallenges of an intermittent resource

òFalling prices bringing a competitive edge

òSolar still remains higher cost energy in many 

areas

ò Incentives are available for consumers



SOLAR IS GROWING



COST OF SOLAR

òHistoric-1950õs $300/W, 1970õs $50/w,  

1990õs $10/w, today <$1/w



COST OF SOLAR



POLICIES DRIVING SOLAR

òGlobal:  

éGermany: EnergieWende

éChina: 5 Year plans

éUSA: state level RPSs

éOthers

òPublic Utilities Regulatory Policies Act 1978

òNet Metering

òCommunity Solar Gardens

òState Mandates



STATES WITH MANDATES



MINNESOTA RENEWABLE ENERGY

òNext Generation Energy Act

éPassed in 2007  (§216C.05)

é25% by 2025

éAccomplished or on target

òSolar Energy Standard

é2013

ò100% by 2040

éPassed in 2023
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2013 Minnesota Solar Legislation

Renewable Energy Standard (RES) Unchanged

Solar Energy Standard (SES) 1.5% of Retail Salesby 2020
(excludes mining & paper industry)

Net Meter 1 MW Limit
(not to exceed 120% of usage)

Solar Value Rate Value of Solar (VOS)
(Optional for IOUõs)

Community Solar Gardens XcelRequired, Other IOUõs Optional

Made in MN Subsidy 5% of CIP$
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http://ecopolitology.org/2010/03/18/community-solar-garden-idea-sprouts-in-senate/oregon-solar/


SOLAR TECHNOLOGY TYPES

òPassive

éHeating, cooling, Lighting

òHeating and Cooling

éSystems and collector types

éHot water

éHot air

òElectricity

éThermal

éPhotovoltaic (PV)



PASSIVE

òUsing design to 
control energy 
from the sun 
entering the 
building

òOrientation, 
overhangs, and 
positioning of 
windows



SOLAR THERMAL- HOT WATER

òDesign types
éBatch

éPressurized

éDrain back

òSystem components
éCollectors

éPumps

éPipes

éStorage tanks

éControls

éSensors



BATCH SYSTEMS

òUsed in warmer climates

òSmall footprint



FLAT PLATE

òFlat panels

òNo internal moving 

parts

òCollectors, tubing, 

insulation, glazing, 

frame



EVACUATED TUBES

ò Vacuum sealed 
chamber around a 
specialized metal 
collector

ò Top manifold to 
transfer heat to 
coolant loop

òEffective in very cold 
conditions

òVacuum is key 





SOLAR THERMAL- HOT AIR

òSpace heating

òTranspired air- pre conditioning

òProcess heat

éBreweries 



SOLAR WALLS- TRANSPIRED AIR



SOLAR THERMAL- GENERAL

òThe current market is small

òCertifications for products 

through the Solar Rating and 

Certification Corporation 

(SRCC)



SOLAR ELECTRIC- THERMAL

òConcentrating the sun to produce high levels of 

heat to create steam for power production

òParabolic Trough and Power Towers



POWER TOWERS



PARABOLIC TROUGH



PHOTOVOLTAIC EFFECT

òBritannica: òProcess in which two dissimilar 

materials in close contact produce an electrical 

voltage when struck by light or other radiant 

energy.ó

òFirst observed by French physicist A.E. 

Becquerel in 1839

òFirst solar cells made of gold and selenium in 

1884 by Charles Fritts



FROM CELL TO SYSTEMS



SOLAR SYSTEMS



GRID TIED SYSTEM COMPONENTS
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DC AC

DC Disconnect

AC Disconnect

With in 10õ of 

utility meter

Inverter



GRID TIED BATTERY BACKUP
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Main Panel

Secure Loads panel

Charge Controller

Inverter/Transfer Switch



SOLAR MODULES

ò20%+ Efficiency

òFairly standard sizes

ò~40óW x 70óH

ò350-450 watt

éGrowing - +500watts

òSolar cell evolution

éHalf cell, PERC, etc

òBifacial modules



INVERTERS



RACKING

òRoof

éMechanical attachments

éBallasted

òGround

éMultiple pole

éSingle Pole

éBallasted

òTrackers

òFloating



BALLASTED

òFlat roof or ground mounts

òWeighted to hold array in place

òNo penetrations/ More Weight



GROUND MOUNTS

òNeed to know soil conditions

òVery flexible configurations



ATTACHED

ò Mechanical fasteners into structural members

ò Flashed mounting points

ò Rails to attach modules

ò Integrated grounding features



TRACKERS

òLarge scale installations

òSingle or Dual Axis

ò Increases capacity factor



FLOATING SOLAR ARRAYS



BALANCE OF SYSTEM

òMeters

òDisconnects

òCombiners

òConduit

òWire

òLabels

òEtc.



LABELS- LOTS OF LABELS



SYSTEM COMPONENTS CERTIFICATIONS

òCertifications under IEEE1547 for solar 

inverters

òUL1541 for inverters, and 1708 for modules

òNew standards are emerging for inverters

é IEEE1547-2018 for MN TIIR.

éAllow for more advance functions

ðLow voltage ride through

ðDynamic controlling



TRAINING, TOOLS, AND RULES

ò Department of Labor and industry requires electrically trained 

persons to perform work associated with PV installation

ò NEC codes guiding proper installation:

é 690

é 720

é Other associated sections

ò NABCEP and UL certification

ò State Interconnection Standards

é MnDIPProcess



SOLAR INSTALLER CERTIFICATION

òNABCEP- North American Board of Certified 

Energy Practitioners

òUL- Underwriter Laboratories



CODE COMPLIANCE ELEMENTS

òRapid shutdown

òGrounding

òLabeling

òSafety/isolation ðAnti-islanding

òRoof set backs



SOLAR PHOTOVOLTAICS AND FIRE SAFETY
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Photo Credit: GreentechMedia  9/19/2013



PV SAFETY IMPROVEMENTS

òNEC Code requirements:

éConduit requirements for DC wiring

é Labeling requirements

ðBetter information

ðMore information

ðMore locations on the system

éRapid Shut Down systems

ðRequirement in 2015 code

ðRequires shut down within 10 seconds  from time of 
activation to within 10õ of array, or within 5õ of entrance into 
the building.
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RECOMMENDED BEST PRACTICES
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INTERCONNECTION PROCESS- MN DIP

òUniversal application and agreements 
requirements for Minnesota

ò Technical stipulations vary utility to utility

éTechnical Standard Manual- Utility specific 
requirements

éTechnical Interconnection and Interoperability 
Requirements- TIIR ðStatewide

ò Interconnection Agreement:

éMnDIA

éUniform Statewide Contract- USC



INTERCONNECTION PROCESS

òWorking in different utility jurisdictions:

éBe aware of differing processes

éBe aware of different technical requirements

éCall and ask questions



INTERCONNECTION PROCESS

òExamples:

éProduction meters:

ðMP, CLP, ECE require them

ðLake Country does not

ðPay attention to how to wire them

÷ Line side for MP

÷ Load side for CLP and ECE

éSubtractive metering

ðNot allowed with solar customers



INTERCONNECTION PROCESS- EXAMPLES

ò Interconnection fees

éAllðApplication fee

éCommissioning fee- CLP & ECE

éGrid Access fees- CLP

òCommissioning procedures and expectations



APPLICTICATIONPROCESS

òSimplified- 20 kW and less

òFast Track-> 20 kW to  ôlargerõ

òStudy ðlarger systems with potential system 
impacts  ~250 kW

òNeed to submit detailed design plans

éOne line 

éSite Plan

é Insurance

éApplication fees



SAMPLE SUBMITTALS



SAMPLE SUBMITTALS



APPLICATION PROCESS

òSet timeline guildelines

éCan take up to 4 weeks for simplified

òStudy process takes much longer

é6 months

òUpgrade requirements may be needed



SO YOU WANT TO GO SOLARéé

òHigh level expectation for solar arrays in MN:

é~$3.20/watt installed

éAbout a 10 year payback- very simple

éExpect about 1100-1200 kWh/kWp/ yr

òSelling Solar:

éCustomer goals

éLongevity in the space (home or business)

éRealistic expectations



SELLING SOLAR

òSolar design concerns
éShade, tilt, azimuth

éRoof vs. Ground

éRoof condition

éDistances to meters/services

òCustomer Goals
é Longevity

éUtility costs

éEthical concerns

ò Incentives and Financing



FEDERAL TAX CREDIT

ò IRA-Inflation Reduction Act 2022

é30% of the cost of installed systems through 2032

éAccelerated depreciation (MACRS) for commercial

éStorage systems also have stand alone ITC 

treatment.

éNon-Profit and Governmental- direct pay



SOLARSENSEPROGRAM

òSmall Rebate dollar pool available to retail 

customers of MP

ò$5000 cap

ò~10% of cost

òCurrently approved through 2024

òMarch 1-3 application period



XCEL SOLAR*REWARDS

òProduction based incentive:  payments based 

on production of systems

ò10 years of  annual payments

ò$0.02/kWh Residential

ò Income Qualified program: +$2/watt

òNon Prof/Gov: $0.015 + $1/watt

òMulti-Fam: + $0.50/watt



INTERMITTANTRESOURCE

òPower is produced when the sun is up, and not 

when it is down

òPower curves can be erratic

òAs penetration of solar increases, there can be 

concerning effects





PEAK POWER MATCHING

òSolar may or may not coincide with the peak 

power demands

òDifferent across states and utility territories



STORAGE AND PEAKER PLANTS

òPeaker Plants: Natural Gas can help to 

overcome ôDuckõ curve type scenarios

òEnergy storage will help alleviate intermittency 

issues as well.


