
Scott Samuelsen

April 10, 2018

Evolution of the Electric Grid

2/35
 2018 UCI Advanced Power and Energy Program

MAJOR PRODUCTS

80% OF WORLD’S POWER

FUEL

THERMAL ENERGY

EXHAUST

CO2 + H2O + N2 +    POLLUTANTS

GHG

• 80% OF WORLD’S POWER
• 90% OF WORLD’S POLLUTANTS
• CONSUMES 400 LBS OF O2

PER TANK FULL OF FUEL
• 94% OF WORLD’S CO2 

COMBUSTION

ENERGY

AIR

HC, CO, NOx, PM ..

ELECTRIC POWER

URBAN AIR QUALITY

CRITERIA POLLUTANTS



3/35
 2018 UCI Advanced Power and Energy Program

COMBUSTION

COMBUSTION

NUCLEAR

HYDRO

RENEWABLE

DISTRIBUTED GENERATION CENTRAL GENERATION

COMBUSTION

INTERMITTENCY
DIURNAL CYCLE

INTERMITTENCY
DIURNAL CYCLE

RENEWABLE

ELECTRIC POWER

4/35
 2018 UCI Advanced Power and Energy Program

COMBUSTION

COMBUSTION

NUCLEAR

HYDRO

RENEWABLE

DISTRIBUTED GENERATION CENTRAL GENERATION

COMBUSTION

INTERMITTENCY
DIURNAL CYCLE

INTERMITTENCY
DIURNAL CYCLE

RENEWABLE

FUEL CELL/GT HYBRID

ELECTRIC POWER

FUEL/AIR

 FUEL CELL

 COMBUSTION

ELECTRICITY

COMBUSTION CHEMISTRY
THERMAL ENERGY

PISTONS, TURBINES
GENERATOR

ELECTRICITY

FUEL/AIR

ELECTROCHEMISTRY

LIMITED EFFICIENCY

POLLUTANT EMISSION

HIGH EFFICIENCY

NO POLLUTANT EMISSION

ACOUSTICALLY BENIGN



5/35
 2018 UCI Advanced Power and Energy Program

COMBUSTION

COMBUSTION

NUCLEAR

HYDRO

RENEWABLE

DISTRIBUTED GENERATION CENTRAL GENERATION

COMBUSTION

INTERMITTENCY
DIURNAL CYCLE

INTERMITTENCY
DIURNAL CYCLE

RENEWABLE

FUEL CELL/GT HYBRID

HIGH EFFICIENCY

NO POLLUTANT EMISSION

ACOUSTICALLY BENIGN

RELIABLE, 24/7 OPERATION

POWER QUALITY

HIGH QUALITY HEAT

NO WATER CONSUMPTION

BIOGAS

RENEWABLE HYDROGEN

FUEL CELLS

ELECTRIC POWER

DC in BUILDINGS

6/35
 2018 UCI Advanced Power and Energy Program

NUCLEAR

HYDRO

RENEWABLE

DISTRIBUTED GENERATION CENTRAL GENERATION

COMBUSTION

INTERMITTENCY
DIURNAL CYCLE

INTERMITTENCY
DIURNAL CYCLE

RENEWABLE

FUEL CELL/GT HYBRID

ELECTRIC POWER



7/35
 2018 UCI Advanced Power and Energy Program

FUEL CELL

Anode Cathode
Electrolyte

Fuel (     )H2 Air (           )O2, N2

H2

H2O

O2

H+

e
H+

e
O

−−PEMFC 90C 

Product (              )H2O, N2

Anode Cathode
Electrolyte

Fuel (     )H2 Air (           )O2, N2

H2

H2O

O2

H+

e

Product (              )H2O, N2 

H+

e
O

−−PEMFC 90C 
e

e

8/35
 2018 UCI Advanced Power and Energy Program

Anode Cathode
Electrolyte

Fuel (     )H2 Air (           )O2, N2

Product (              )H2O, N2 

PAFC H2
H2O

O2H+
200C 

MCFC
H2

CO2

H2O

CO3
CO2

O2
650C

SOFC
H2

H2O
O O2 1000C

H2

H2O

O2

H+H+ O
−−PEMFC 90C 

e e

FUEL CELLS



9/35
 2018 UCI Advanced Power and Energy Program

NUCLEAR

HYDRO

RENEWABLE

BIOGAS

DISTRIBUTED GENERATION CENTRAL GENERATION

COMBUSTIONFUEL CELL/GT HYBRID

ELECTRIC POWER

Albertson’s 
Grocery Store

400 kW

10/35
 2018 UCI Advanced Power and Energy Program

NUCLEAR

HYDRO

RENEWABLE

BIOGAS

DISTRIBUTED GENERATION CENTRAL GENERATION

COMBUSTIONFUEL CELL/GT HYBRID

ELECTRIC POWER

Cal Tech 2 MW



11/35
 2018 UCI Advanced Power and Energy Program

NUCLEAR

HYDRO

RENEWABLE

BIOGAS

DISTRIBUTED GENERATION CENTRAL GENERATION

COMBUSTIONFUEL CELL/GT HYBRID

TIGER STATION
(Transmission Integrated 
Grid Energy Resource)

ELECTRIC POWER

12/35
 2018 UCI Advanced Power and Energy Program

Bridgeport 15 MW

TIGER STATION

59 MWSouth Korea
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• Energy Efficiency

• Nested Microgrid

• Power‐to‐Gas (P2G)

• Connectivity Laboratory

• Generic Microgrid Controller

• Islanding

KEY NOTES
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POWER-TO-GAS
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CONNECTIVITY LABORATORY

Level 1 
Simulation

Level 2
Controlled Laboratory

Microgrid

Level 3
UCI Microgrid
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GENERIC MICROGRID CONTROLLER

• DOE Initiative:  Develop a “Generic Microgrid Controller”

• Project Team:
– UCI APEP

– California Independent System Operator

– Southern California Edison
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GENERIC MICROGRID CONTROLLER

• Platform
– UCI Microgrid

• Microgrid Partners:
– Port of Los Angeles

– Irvine Ranch Water District

• Promulgation
– IEEE 2030.7 Standard (January 2018)

– Port of Long Beach
– UCI Medical Center
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ISLANDING

February 12, 2018
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