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Monthly Energy Review

May 2022

https://www.eia.gov/totalenergy/data/monthly/pdf/mer.pdf

Figure 1.2 Primary Energy Production
(Quadrillion Btu)

By Source, 1949-2021
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Figure 10.1 Renewable Energy Consumption
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Major Sources, 1949-2021
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Photovoltaics

Photovoltaic Solar Resource of the United States
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Photovoltaics System (grid connected)
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Wind Power

United States - Annual Average Wind Speed at 80 m
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Biomass Energy
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Geothermal Power
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Definitions

e Capacity: rated power output (kW)
* CAPEX: Capital Cost per kW of Capacity (S/kW)

e Capacity Factor: CF=Annual Energy Delivery
(kWh/year) /Capacity (kW) /Time (hours/year)

e LCOE: Levelized Cost of Energy; (Life Cycle Cost)/(Life
Cycle Energy Production)

* The following graphs are CAPEX, CF, and LCOE from
Annual Technology Baseline

https://atb.nrel.gov/electricity/2022/index
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Return to Summ..
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Leading States for

Each RE Technology
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Leading Countries
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Economic Feasibility
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Electric Utility Grid System
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Energy Systems Integration

, Sizing of Electrical System to Building
é Building Level e Qvercurrent Protection on Electrical Service
N

Voltage Regulation
* Reactive Power, power factor

Substation Level e Substation bus arrangement, intertie
* Network Protectors in Network Systems

Eﬁ Grid level * Line Capacity; Balancing Areas
* Voltage Stability of Electric Grid

* Spinning Reserve
* Ramp Rates

* Allocating Utility Costs and Resources
* Investment and Employment Opportunities
¢ Siting and Environmental Justice

Old obsolete goals: New goals:

MWh Annual RE production Minimize site- and location-specific utility

“Net” Zero Annual Energy Use  cost and environmental impacts (utility
circuit; time-of-day; day-of-year)
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Line 1
Line 2

Challenge: Utility Interconnection- Point of

Interconnection

Backfeed Breaker in Building
Panel (Main Breaker and PV
breaker< 120% of panel
rating for commercial
building

PV too big?

Survey Loads and reduce
main breaker rating

Upgrade Panel
Line-side-tap
Upgrade Electrical Service

Controls to curtail PV
output to not exceed limit



Challenge: Voltage Regulation

transformer voltage set by Line Drop transformer voltage reduced by LDC
Voltage (Veys) Compensation (LDC) based on circuit load Voltage (Vgys) because circuit load reduced
High Limit  Ng==eoooorooer oo High Limit) [»==7=77 77 mommmmmeommem s
Low Limit ---------- T b —— Low Limit Ye=——————— P oo
low voltage —

Intermittent PV on the distribution system can affect the existing voltage regulation
scheme based on Line Drop Compensation, which does not actually measure voltage
at loads
Hierarchy of Solutions
Adjust voltage setting of LDC
Adjust delay setpoints of LDC
Replace old LDC system with new control system based on measured voltage
(Smart Meters; SCADA system)
Voltage Regulators to actively adjust local voltage



Challenge: Overcurrent Protection
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Overcurrent Protection: A generator on the distribution system can defeat

the existing overcurrent protection scheme.

Hierarchy of Solutions
Survey loads and reduce rating of transformer fuse so not exceed line rating (amps)
Replace line to accommodate new amount of current required.



Challenge: Power Factor

- R
Power Factor: By delivering only real power, a generator on the distribution system can
worsen the power factor seen by the utility

* New features with IEEE 1547:
VAR Control: Non-Unity Power Factor

 Low Voltage Ride Through

* Dynamic Control
— Ramp rate and curtailment of real power

— Communication allows PV to be part of the utility system



Challenge: Impacts on Generation

e Savings in cost and emissions depend on
— Baseload Generator

e Coal, nuclear
— Peaking Generator
* Gas turbine
 Ramp rates and turn-down limits

* Spinning Reserve
— Unloaded but spinning generator uses fuel and per-run-time
maintenance

— Without solar, spinning reserve provides for fluctuations in the
load

— With solar, spinning reserve must cover BOTH fluctuations in
the load and in the solar resource AT THE SAME TIME



Megawatts

Figure 2: The duck curve shows steep ramping needs and overgeneration risk
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Challenge: Utility Bill Details

Meter - 012345678 | Duke E 17]
Rate DS01 - Distribution Senvice
Multipligrs - 160
:'E'Wﬁ age - 92007 | |st'E|.r'IJm-Eus":ErT§r1ﬂﬁ """""" sI000 """
1 Demand Read - 00.28 1 MI&I’E 10 - aeeee——— G————
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I i ____ﬂ_wm@_ﬁﬂ&m ________ P =T R -
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f i Total Delivery Charges $ 46282
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I
1 1
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{  Maximum Actual Demand of | e __
1 _67.20 kW Billed in Aug 11. _ il Supplier Energy Charge
T ' 19,200 kWh @ $0.05480000  § 1,054.08 1,054.08
Ratchet on Demand Total Current Electric Charges $1,713.95 (D

Customer
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Demand
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ona
residential
bill)

\

< Energy
charges

Energy (c/kWh)

Demand (S/kW/month)

Time of Use (higher in day), Seasonal (higher in summer)

Demand Ratchet

Fixed customer charges and other riders

Source: Duke Energy, “Understanding your utility bill: a guide for businesses in Ohio.
http://www.duke-energy.com/pdfs/Understand-Bill-Guide-OH-WEB. pdf
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Utility Economic Concerns

Renewable Energy must be evaluated in terms of:
— Impact on utility revenue (reduced energy sales)
— Impact on utility costs (fuel savings, deferred investment)

Solutions: disaggregate blended rate (S/kWh) so that customers
with distributed renewable energy pay for the utility services
that they use on a daily basis

— Fixed Charges (S/month)
— Demand Charges (S/kW)
— No net metering (retail rate versus buy-back rate)

— Stand-by charges



Social Issues, Energy Equity and Justice

Business case for RE is a large capital investment returned by utility
cost savings or power-sales revenue

Low-income communities may lack
— Large amounts of money to invest in on-site RE
— Tax liability to monetize tax credit and depreciation
— Ownership or right to improve the property

Policies that incentivize RE can reduce a utility bill to nearly zero,
leaving non-RE customers to pay more for utility operations

Solutions such as “Community Solar” may enable low income
communities to benefit from distributed renewable energy
projects.

Operation and Maintenance of distributed renewable energy is
necessarily local and an employment opportunity for disadvantaged
communities.



“Net Metering”

 Solar Power in excess of
the Load flows TO
Utility

 Load in excess of Solar
Power flows FROM
Utility

e Utility Bill is calculated
on the “net” difference

between the two on a
monthly or yearly basis




“Net Metering”

* Benefits of Net Metering include utility fuel savings and
possible deferred investment in infrastructure to serve
growing load

Island of Moloka'i * Problems with Net Metering

Area of High Saturation .. . . .
— Limits to Fuel Savings (spinning reserve)

Kualapu'u / Ho olehua / Kalaupapa / Kala'e
High Distributed Generation Penetration

— Doesn’t save any other utility operating
costs

— RE may be curtailed; limits on
installations (e.g. 15% in HI) [Hawaii has
eliminated net metering]

-
e

— Socio-economic problem: foists utility
costs on those least able to afford it.

e Utility Cost Recovery
— Retail/buy-back spread (c/kWh)
— Stand-by Charges (S/kW/month)




Strategies for Increasing amounts of Variable Renewable

Energy Generation on the Utility Grid

e Reconfigure circuits, network protectors, voltage regulation, and overcurrent
protection

* Distribute PV over a larger geographical area to smooth cloud cover
* Tracking mounts and different PV orientations to smooth daily delivery

 Advanced inverter features ) _.-..-. e =
— Low voltage ride-through = SERERNE, =
— Low frequency ride-through
— Power-factor correction
— Curtail RE output

i—

* Forecasting of RE plant output

* Control of demand for non-critical loads, Electric Vehicle Charging, Hydrogen
production

* Energy Storage

* Evolving ways for utility companies and regulators to allocate cost of operating
the utility system


http://www.pv-magazine.com/typo3temp/pics/07062_Sarnia_FINAL_AERIAL_HighRestif_00f74dabb4.jpg

Improved Forecasting of Performance

1) Astronomical Forecast: time-of-day; day-of-year; latitude; (well-known)

2) Weather Forecast

Modeling
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Sky Imaging

Weather Forecast Data
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|72 hour forecast example

http://weatheranalytics.com/renewableforecast.html
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http://weatheranalytics.com/renewableforecast.html

Demand Control

Examples of non-critical loads
irrigation
air conditioning
water heating

Small loads networked together and controlled to
aggregate demand reduction
internet or radio control

“Negawatts” bid into power market like a generator



* Couple intermittent RE generation with load
e Consider forecasting and demand control first
* Consider non-electric storage such as:
* store treated potable water or store water to be
pumped or treated

* store chilled water or ice for air conditioning

« Batteries cost around $400/kWh, but economy of
scale and technology could reduce to S150/kWh

» Safety and environmental concerns



Smart Grid!

SMART GRID Smart appliances

A vision for the future — a network Can shut off in response to
of integrated microgrids that can frequency fluctuations.
monitor and heal itself.

Demand management
__ "\ Use can be shifted to off-
./ peak times to save money,

Solar panels

1%, Disturbance
§ inthe grid

X
Semsorsimd V.| W
Detect fluctuations and

disturbances, and can signal
for areas to be isolated,

Execute special protection
schemes in microseconds.

| peak times could be stored
| in batteries for later use.

|

“Central power
plant

Wind farm

Generators
Energy from small generators
and solar panels can reduce
overall demand on the grid,

N Industrial
planm

Fundamentals of Materials for Energy and Environmental Sustainability
9781107000230

Edited by David S.Ginley and David Cahen ) )
Chapter 43 Authors : S. Paul Denholm © Materials Research Society 2011



Thank You!

Andy Walker
Andy.walker@nrel.gov
Phone (303) 601 2378
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