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US Energy Consumption by Source, 1776 to 2023

% of Total
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Data source: U.S. Energy Information Administration, Monthly Energy
Review.
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US Renewable Energy by Source, 1776 to 2023
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U.S. Energy Consumption by Source and Sector, 2023

Quadrillion British Thermal Units (Btu
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Natural Gas

Gas Production in Conventional Fields, Lower 48 States
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Coal

Coal Deposits in US
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Rankine Steam Cycle Schematic
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Nuclear Power

Nuclear Chain Reaction
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Biomass Energy

Map of Biomass Resources

Biomass Conversion Platforms
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Hydro-Power

Pelton Wheel Turbine
Map of Hydropower Resources

Cabin Creek Colorado
324 MW Pumped Hydro Storage

https://www.energy.gov/sites/prod/files/2014/03/f9/national hydropower map.pdf photos by the author
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Wind Power

United States - Annual Average Wind Speed at 80 m
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Solar Photovoltaics

Photovoltaic Solar Resource of the United States
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Solar Water Heating

Electricity Rate for Savings-to-Investment Ratio = 1 for
Solar Hot Water Systems (Elec) (Not Considering Incentives)
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Solar Ventilation Air Preheat

Energy Savings Utilitizing Solar Vent Preheating Technology
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Geothermal Power

Map of Geothermal Resources
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Ocean Energy

Map of Ocean Energy Resources
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e Capacity: Rated Power Output (kW)
 Capital Cost: Capital Cost per kW of Capacity (S/kW)

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

* LCOE: Levelized Cost of Energy; (Life Cycle Cost) / (Life
Cycle Energy Production), including Fuel and O&M
Costs.

LCOE is not the only important thing:

Dispatchability

Location of Generation Versus Load
Grid Stability

Environmental Impacts



Power Generation Technology Comparison

Technology

Capital Cost
(S/kw)

LCOE ($/MWh)

Key Characteristics & Notes

Diesel Generator| $700 - $1,500 | $100 - S500 Fuel Cost $0.40/kWh at S$4/gallon and 10 kWh/gallon
Natural Gas Relatively low CapEx. LCOE highly sensitive to natural gas prices.
(CCGT) SEg - SALBLD A S Dispatchable. Lower CO2 than coal but still emits.
Natural Gas Lowest CapEx for thermal. High LCOE due to lower efficiency and typically
-S1 150 -S2
(Peaker/OCGT) O lower utilization (only for peak demand). Fast ramping.
. $3,500 - Very high CapEx due to CCS. LCOE high. CCS technology not yet widely
el i @es) $7,000+ >80 - 5150+ deployed at scale. Aims to reduce CO2 emissions.
Coal (without $2,500 - $60 - $140+ High CapEx. LCOE can be competitive if fuel is cheap but rising due to
CCS) $4,500 environmental regulations/carbon pricing. High CO2 & pollutant emissions.
$6,000 - Very High CapEx (long construction, complex safety, regulatory hurdles).
NUEGET $12,000+ 5130 - 5200+ LCOE sensitive to CapEx overruns & discount rates. Baseload, zero CO2.
Biomass $2,000 - $70 - $150 Medium CapEx. LCOE depends heavily on feedstock cost & sustainability.
$5,000 Dispatchable if fuel available. Can be carbon neutral if sustainably sourced.
Hydropower $2,000 - $20 - $80 Very high CapEx (dam construction). Very Low LCOE once built (long life, no
(Large) $8,000+ fuel). Site-specific. Environmental impact. Dispatchable (reservoir).
. $1,200 - Very Low LCOE. Zero fuel cost. Costs decreasing. Intermittent. Needs good
il {Clnieletre) $2,000 525-570 wind resource. Land use/visual impact concerns.
. $3,000 - Higher CapEx/LCOE than onshore (foundations, installation, subsea cables).
w ffsh ’ 70 - S150+ ’ ’
el (i eizs) $7,000+ U EL Higher capacity factors. Stronger, more consistent winds. Costs decreasing.
Solar PV (Utility- Low LCOE (often lowest new build). Zero fuel cost. Costs rapidly decreasing.
-S1 25 -
Scale) N Intermittent. Land intensive. Needs good solar resource.
Solar PV $1,500 - $70 - $200+ Higher CapEx/LCOE than utility-scale due to smaller scale & installation. Can
(Rooftop/DG) $3,500 offset retail electricity prices. Reduces T&D losses.
Geothermal $2,500 - $50 - $100 Medium-High CapEx (drilling). Low-Medium LCOE. Baseload power. Site-
$5,000 specific (geothermal resources).

Data summarized by Chat GPT with data from www.lazard.com/media/eijngja3/lazards-lcoeplus-june-2025.pdf,
www.eia.gov/outlooks/aeo/electricity_generation/pdf/AE02023 _LCOE_report.pdf, and
www.irena.org/Publications/2024/Sep/Renewable-Power-Generation-Costs-in-2023




Economic Feasibility
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Energy Systems Integration

, Sizing of Electrical System to Building
é Building Level * Overcurrent Protection on Electrical Service

Voltage Regulation
Reactive Power, power factor

Veivk

Substation Level * Substation Bus Arrangement, Intertie
* Network Protectors in Network Systems

E Grid level * Line Capacity; Balancing Areas
@.g * 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)



Sustainable Resilient

Power System

e Configured Circuits

 Get power to where it’s needed

* Isolate critical circuits
 Demand Response

e Control demand when resource not available
e Spatial Diversity

* Not all in one place, distributed generation

* Diversity
AC DC * Resources (fuels, solar, wind, hydro...)
G“Zfior Nm‘_@ . Loa.ds (smooths load profile)
= 5 * Forecasting
444 1CW peak * Loads (occupancy, weather)
Sd ACLoads patiery * Resources (1 minute, 1 day, 1 week), seasonal
" E " 3.2 * Tracking Solar Collector Mounts
o e * Uniform delivery
PV inv Inv/Rect * Energy Storage
@—- e Electric power

* End use such as pumped water, ice, hot water
* Microgrid controls; optimal dispatch.



Open Energy Information

openei.org
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Open Energy Information

Welcome to OpenEl and the world of open energy information, data and resources.

The information you'll find on OpenEl is community driven, it is a collection of content and data provided by contributors ranging from experts to enthusiasts. The platform is a
wiki, similar to Wikipedia's Wiki, with which many people are already familiar. OpenEl users can view, edit, add data — and download data for free. There are currently more than
198,978 pages on OpenEl, those pages contain a wide variety of topics: from renewable energy, to policy & regulations, to analyzed data and raw data.

If you're not sure where to begin your information expedition, we recommend you start by exploring some of these featured content categories, or join our user community and get
involved.

Renewable Electricity
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