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Caterpillar G3516J Engine
1015 kW – Fuel: NG/H2

Donated by Caterpillar

ULB Load Bank 
and Transformer

NEL C20 PEM Electrolyzer Bank
(H2 generation); 30 Nm3/h of H2

Donated by NEL

H2 Fuel Cell Bank
(experimental units to optimize 
renewable energy utilization) 

Industry Funded 

H2 High-Pressure Storage Tanks
10,000 psi

H2 Refueling 
Station

(vehicle refueling)
Donated by NEL

Methanol and 
Ammonia 

Storage Tanks
(supply building 
with alt. fuels)

Industry funded

Electrochemical 
Fuel Synthesis 

(production of methanol 
and ammonia through 
carbon-neutral means) 

Industry funded

Solar Centaur 40 Gas Turbine
3515 kWe – Fuel: NG/H2

Donated by Solar Turbines

3.5 MWe Centaur 40 GT
(Solar Turbines)

100 kWe Hybrid 
SOFC-Engine 
Powerplant (η~70%)

Large Scale Engine 
Testing with Hydrogen

1 MWe 
CAT 3516

120 kWe PEM electrolysis/ 
refueling (40 kg/day)

Micro Ammonia Production System 

Powerhouse Energy Campus: Large-scale Demonstration Research 

300 kWth heat activated 
cooling system (TCCS) 

Bret Windom – bret.windom@colostate.edu
Todd Bandhauer – todd.bandhauer@colostate.edu



Advancing Decarbonization via
Technology R&D          Organizational Transition & Policy         

Training & Logistics          Convening

Technology Demonstration Site Energy Modeling & Management Systems

DOD Advising
• DOD UARCs: Systems Engineering Research Center, Acquisition Innovation Research Center
• Project for Media & National Security: briefings for Defense Writers Group to connect 

senior policy makers that link national security to climate action
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• Clean hydrogen technologies (Perry, Kenis, Gewirth, Sofronis, Miljkovic, Elbel) 
• Protonic Ceramic Fuel/Electrolysis Cells for Green H2 or other commodities

• Catalysts for steam splitting
• More stable materials & interfaces, understanding of degradation mechanisms and rational  mitigation of  degradation 

built into materials/devices
• High temperature response of metallic materials in hydrogen is unexplored
• Thermomechanical stresses and degradation

• Hydrogen transport using ammonia as the carrier, recovering H2 from ammonia via electrolysis
• Durability, efficiency, interaction with metallic surfaces

• Thermal management of H2 platforms
• PEM fuel cells operate at lower temperature; maintaining safe operating temperature and good power density is difficult 

because it requires heat rejection at low temperature differences
• Alkaline Electrolyzers

• Hydrodynamics and surface/interface of bubble removal, current density that is allowable

• Commercially practical electrofuels (Lee, Kenis, Gewirth, Cai, Ansell)
• CO2 reduction

• Small molecule (such as glycerol and methanol) oxidation to increase energy efficiency in CO2 reduction
• durability, selectivity, efficiency

• Direct conversion of methane to higher value fuels

• Industrial heat and efficiency of industrial processes (Kenis, Miljkovic, Elbel)
• High temperature heat pump

• Efficient working fluids (refrigerants, durability of compressors and valves, lubricants, etc.)
• High Power Density Thermal Systems

• Ship thermal management systems need to be power dense and handle transient heat loads
• Heat transfer in two-phase processes

• Durable materials and coatings required - for example in dropwise condensation or high quality flow boiling



• Circular economy, wastewater treatment (Cai, Su)
• Manufacture of low cost nanocrystalline diamonds (NCDs) for wastewater treatment, electrochemical 

conversion 
• Current state-of-the-art approaches to fabricating nanoscale diamonds rely on high-pressure or low-pressure 

processes and lack scalability and controllability (flame synthesis)

• Fourth generation low-GWP synthetic refrigerants (Miljkovic, Elbel)
• Toxicity (ammonia), pressure (CO2), flammability (butane, pentane)

• Technologies for buildings (Miljkovic, Cai, Elbel)
• Thermochemical energy storage and phase change materials are important to enable electrification
• Affordable, intelligent, energy-efficient, and environmentally benign thermoregulation materials in building 

thermal management

• Sustainable energy carriers for aviation (Lee, Kenis, Gewirth, Cai, Ansell)
• Challenges to scalability, resource, cost, and integration moving from conventional kereosene-based 

aviation fuels to alternatives
• Evaluating socio-techno-economic factors of alternate fuels for aircraft. 
• Includes commercial practicality of electrofuels and other low carbon fuels

• Electric grid stability (Gross, Kontou)
• The V2X concept of the integration of EVs – electric vehicles – into the grid
• Integration of renewables (PV and Wind) with today’s grid: opportunity for electrical energy storage
• Managing multi-modal electrified transportation systems with renewables and integrated with batteries 

for grid stability





Safe, High-Energy-Density & High-Rate-Capable, Solid-State Batteries

• Developed advanced 3D ceramic architectures and surface 

modification that enables Limetal cycling rates 10X DOE goal

• A potential step change in energy density that 
enables flight applications
Solid-state enables Li-metal anodes 
and advanced cathodes for 
potential step change in cell energy 
density 

1 mA/cm2

100 mA/cm2

10 mA/cm2

15 μm

82 μm

•This architecture is cathode agnostic from high-energy 
density Li-NMC to Li-S and Li-air batteries

Solid-State Li-S Battery

Solid-State Li-S Battery

Wider operating temperature range 
negates thermal management (cooling) 
requirements, further increasing 
pack/system energy density, and 
enabling
close coupling with heat sources, from 
local power for critical circuits to 
hybrid propulsion systems

•Moreover, these solid-state batteries are non-flammable 
and offer a much wider operating temperature range

- Prof. Eric Wachsman



• Became the benchmark for multiple US DOD solicitations, e.g.,:
Ultra-High Power Density Solid Oxide Fuel Cell Stack for High Efficiency Propulsion and Power Systems 

DoD OSD SBIR 2013.3 - Topic OSD13-EP4 

TECHNOLOGY AREAS: Ground/Sea Vehicles, Materials/Processes

Next Generation Solid Oxide Fuel Cells

• Currently integrating SOFCs into gas turbine for higher efficiency 

and power under ARPA-E REEACH program for electrification of 

flight

• ~2X Fuel efficiency of IC engines

• Have since doubled the power 

density to ~4 W/cm2 at 650°C

- Prof. Eric Wachsman

•The safety and high operating temperature capability of our 
solid-state batteries enables thermal and electrical 
integration with our lower temperature SOFCs for high 
energy & power density generation/storage hybrid systems

150°C



Solid Oxide Electrolysis Cells for Lower Cost H2 Production

and Long Term Energy Storage

• In addition we have developed ceramic electrode materials that 

are stable in both oxidizing and reducing conditions enabling an 

integrated SOFC/SOEL unit for long term energy storage in a 

single unitized device

• Solid Oxide Electrolysis Cells have ~2X efficiency of current PEM based cells,

a potential ~2X decrease in OPEX

• However, current solid oxide cells have lower current density increasing CAPEX

• Our next generation Solid Oxide Electrolysis Cells match the current density of 

PEM cells thus potential ~2X reduction in OPEX at similar CAPEX

- Prof. Eric Wachsman



H2 and Logistics Fuel Production with Negligible GHG Emissions

• Integrated catalytic membrane reactor produces pure 

H2 by permeation through mixed protonic/electronic 

conducting dense ceramic membrane

• Co-produce C2+ (e.g., 

ethylene, benzene) 

and pure H2 with high 

single step yields

• Platform technology for numerous chemical reactions

• Only GTL technology 

with no GHG emissions

- Prof. Eric Wachsman

• Dramatically lower 

GHG emission and 

cost than conventional 

SRM H2 production 
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Trade space exploration for climate 

impact and quality attributes for 

navy ships

Ronald E. Giachetti, PhD
Professor and Chair

Department of Systems Engineering

Naval Postgraduate School

regiache@nps.edu

Giovanna Oriti, ECE

Douglas Van Bossuyt, SE

Daniel Reich, OR

mailto:regiache@nps.edu


▪ Iterative and incremental 

method

▪ Early design decisions lock 

in ~ 70% of cost

▪ Many different objectives, 

many interdependencies 

between concerns

▪ Minimization of GHG 

emissions becomes one of 

many design objectives

Navy Ship Design

Ronald E. Giachetti 

February 28, 2023
Slide  13



▪ Incorporate measures of GHG emissions into the conceptual design 

phase for ships

▪ Our focus is on the engineering design tools

Trade space exploration

Ronald E. Giachetti 

February 28, 2023
Slide  14

https://microgrid.nsetti.nps.edu/



Design Tool

Ronald E. Giachetti 

February 28, 2023
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▪ EEDI measures the grams of carbon dioxide (CO2) per ship’s capacity mile and 

is calculated by a formula based on the technical design parameters for a given 

ship. 

▪ Technical factors related to the type, cargo capacities, ship speed, hull type, 

main engine, turbine, propulsion, fuel,  service information, dwt, etc.

▪ The EEDI is for ships with the mission to transport cargo and/or people. 

Energy Efficiency Design Index (EEDI) 

Ronald E. Giachetti 

February 28, 2023
Slide  16
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TRL: 1 2 3 4

Jacqueline O’Connor, Associate Professor of ME, Penn State
Reacting Flow Dynamics Laboratory https://sites.psu.edu/rfdl

Fundamental studies of turbulent flames, combustor 

flows, fuel chemistry, and combustor emissions

Testing of industrial hardware in acoustically-variable test 

facilities to understand combustor operability

Multicomponent, multiphase, and 

supercritical heat and mass transfer

Intensified high temperature heat 

exchanger and reactor technology
Thermal energy system 

design and optimization

Brian Fronk, Associate Professor of ME, Penn State
Heat Exchange and Thermal Energy Research (HEATER) Laboratory https://sites.psu.edu/fronklab

https://sites.psu.edu/rfdl
https://sites.psu.edu/fronklab


Marconnet Thermal & Energy Conversion Lab

Amy Marconnet
Mechanical Engineering

marconnet@purdue.edu

engineering.purdue.edu/MTEC

Batteries & Electrification HVAC & Energy Storage

Modules

www.teslamotorsclub.com www.teslarati.com

Cells

Packs

www.technologyreview.com/

Dynamic Thermal Management

Power 

Electronics



Related Activities at Purdue 

• Herrick Labs

• Renewable Fuels

• Engines & electrification

• Center for High Performance Buildings

• Zucrow Labs

• Combustion/Propulsion

• Institute for a Sustainable Future

• Pursuing global resilience through climate, environment and food-energy-

water security research

• Electrification & Batteries – large number of faculty involved in related research 

from ME, ECE, EEE, Material Science, etc.

https://engineering.purdue.edu/Herrick
https://engineering.purdue.edu/Zucrow
https://research.purdue.edu/isf/


Mangrove-inspired structure for CO2 capture 
and coastal protection
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Main concept: closed-circuit version 
for naval applications

22

CO2 capture liquid filter

CO2 liquid filter coupled to the 

ICE's exhaust of diesel-powered ships.

To meet Navy’s plan of reduce

CO2 overall emissions by 65%

by 2030 and reach net-zero

emission by 2050 [1].

[1] https://www.stripes.com/branches/navy/2022-05-

25/navy-climate-strategy-curb-emissions-6126159.html

Luciano Castillo & Velay-Lizancos (Purdue University)



Earth. Climate. Society.

Potential Projects to support ONR Energy Security  efforts
Mark McVay 
DOD Liaison



Earth. Climate. Society.

Ongoing Research Efforts with Potential to support reducing shipboard energy use

Date  | Presentation title can be placed here  24

Alternative fuels    creation and storage

New battery storage technologies   potential for shipboard use

Shipboard energy efficiency   - follow-on to work Amory Lovins did with SSN’s

Alternative onboard power generation   Fuel Cells and Hydrogen

Conversion of CO2 and Hydrogen to Liquid fuels

Energy Efficient evaporative cooling for electronic systems

Use of Magnetic Inductors for high heat loads

Highly efficient water electrolysis for water purification and H2 production

Efficient and modular micro-grids for shipboard use















Applications - Directed Fundamental Research
(Chemistry, Materials, Feasibility)

Development and Deployment
(Process, Scaleup, Integration, Manufacturing)

Systems Engineering
(Component, Performance, Durability)

William Mustain, Professor and Associate Dean for Research
Jochen Lauterbach, Professor and Director of SC Center: SAGE

Sang Hee Won, Associate Prof., Mechanical and Aerospace Eng. 

Areas of Interest and Strength:

Net-Zero Carbon Fuels

Carbon-Free E-Fuels (e.g. NH3, H2)

Digital Twins and Digital Ship Design

At-Sea Fuel Synthesis and Fuel Logistics

Combustion Property Characterization and Modeling

Electrochemical Energy Conversion and Storage

Multi-Scale Nuclear Power

Real Fuels

Legacy & New Concept 

GT Cores and Augmenters

Systematic approach to bridge the gap 
between fundamental science to applied 

engineering

Combustion

Characterization

Fuel-Specific

Kinetic Model

Computational

Engine Design

Gas-phase 

Combustion

Combustion Control 

& Diagnostics

CH2O

OH

Liquid Plasma

Multi-phase 

Combustion



U.S. Naval Academy

To develop Midshipmen morally, mentally and physically …to 
assume the highest responsibilities of command, citizenship 
and government.

Faculty Interest and Expertise with Current Facilities and Activities

Redesign and testing 
of aircraft tie down 
points on DDG

Design of microgrids for NSA 
Souda Bay (Crete) and USN 

Autec (Bahamas)

Current and future midshipmen’s careers will roughly span 
decarbonization effort to 2050.

Proposed midshipmen involvement:
• Internships with partner institutions
• Capstone engineering design projects
• Research projects
• Course development related to decarbon efforts (ongoing now)

Single and multi-
cylinder USN-relevant 
diesel engines, waste-

heat recovery; 6.7L 
Cummins diesel (USN 

small craft); legacy AMG 
HMMWV diesel engine.

120 ft and 380 ft 
towing tank, wave 

generation.

Wave-energy 
absorption test rig 

shown (current NSF 
grant).

USNA Mission and Midshipmen Engagement

Recent fleet related applied engineering design projects:

Energy Conversion

• USN-relevant combustion platforms

• helicopter-scale gas turbine

• Single- and multi-cylinder diesel 

engines (Cummins 6.7L)

• AMG HMMWV engine

• Waste-heat recovery

• Fuels testing with ammonia, SAF, 

bio-based integration USN diesel 

systems

• Wave-energy conversion

• Waste-to-energy

• Wind and tidal turbine energy

Materials Characterization

• Optical and scanning electron 

microscopy

• Corrosion testing for materials

• Coatings analysis

• MTS/Instron mechanical testing

Control and Optimization of 

Electrical Power Systems

Energy Security and Sustainability

Interdisciplinary course development 

focused on sustainability and carbon-

free energy

Optical visualization of diesel combustion.



The mission of ABS is to serve the public 
interest as well as the needs of our members 
and clients by promoting the security of life and 
property and preserving the natural environment

About ABS • Founded in 1862 by 9 U.S. marine insurance 
companies 

• A 501c(6) Non-Profit Marine Classification 
Society

• No owners/shareholders, ABS Board of 
Directors are appointed from its Members

• ABS Members are the owners, operators, 
designers and builders of ships, offshore units 
and associated equipment

• ABS as a class society represents industry 
and helps:

- Design 

- Construction

- Operational maintenance

• Headquarters – Houston, Texas

• Employees: 4,000 globally, 1,300 U.S.

• 200 offices in 70 countries

33 | ABS Clean Energy and Decarbonization Overview



Energy Transition Lifecycle Support

I. Baselining Operations

a. Well to Wake Fuel Lifecycle Assessments

II. Best available technology review

a. Startup Technology Scouting

b. New Technology Qualifications and Approvals 
in Principle for Marinization

III.Feasibility studies

IV.Compliance reviews

V. Prototype and Demonstration Projects

VI.Develop Standardized Practice for Scaling-up 
and repeatability

a. Clean Energy Marine Hubs

b. Green Shipping Corridors

VII.CapEx and Financial Planning (investment, 
fundraising, grants)

VIII.Classing of Alternative Fuel Vessels

ABS - Maritime Energy Transition

Absolute Zero / 
Negative Emissions

Net-Zero Emissions

Current Production / 
Gray fuel Emissions

Owners and Operators:

➢ Short-Term

• Develop Decarbonization Business Strategy and Timelines 

Based on Pathway Options and Technologies

• Leverage ESG as a Management Tool, Not a Compliance Tool

• Implement Digitalization as Immediate Solution to Improve 

Fuel Consumption and Performance

➢ Mid-Term 

• Focus on Behavioral Changes

• Apply Greater Use of Data and Simulation

• Invest in People and Training

➢ Long-Term

• Understand Carbon Economics

• Recognize Pivotal Role of Hydrogen and Carbon Value Chains

Governments:

➢ Support Investments to Provide Scalability While De-

Risking Options

➢ Policies/Regulation Implementation to Drive Energy 

Transition Outcomes;

➢ Address Boundary Conditions – Safety, Ports, Fuel 

Availability and Cost

➢ Incentivize Maritime Innovation R&D and 

Demonstration Projects



Restricted © Siemens Energy, 2022
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Waste Heat Recovery for Improved Efficiency and Environmental 
Sustainability

ORC – Organic Rankine Cycle; sCO2 – Supercritical carbon dioxide; WSC – Water Steam Cycle; RICE: Reciprocating Internal Combustion Engine

1) derived from Bianchi et al., Estimating the waste heat recovery in the European Union Industry; 2019

High quality 

process heat

Turbine

Process

RICE

Waste/

excess 

heat

Heat recovery (ORC, 

sCO2, WSC)

High 

temperature 

heat pump

Turbine Electricity

Fuel pre-heating/ 

anti-icing

Process efficiency 

increase

Electrical 

Heater



Restricted © Siemens Energy, 2022
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Active Technology Development

Carbon Capture

▪ Direct Air Capture

▪ Point of Combustion 

Capture

Enabling SE Technologies

▪ Electric Heaters: in-house

▪ HPD motors/generators: in-house

▪ Electrolyzers: partnership

▪ E-Fuels : partnership

SE Vision: Local/off-shore Fuel Production

Electrolyzer

→ H2

DAC→ 

CO2

E-heater → 

steam/water

Electric  

Reformer

Fischer-Tropsch

Reactor

❖ Diesel

❖ Jet

❖ Gasoline

Heat Pumps

▪ Low temperature

▪ High Temperature

▪ High Power Density 

Hermetic



Maritime Administration

1200  New Jersey Ave., SE  |  Washington, DC  |  20590 

w w w . d o t . g o v

U.S. DOT Maritime Administration

Office of Environment and Innovation 
Program Brief

Daniel Yuska – Director, Office of 

Environment and Innovation



MARAD Office of Environment and Innovation

Two Primary Functions

▪ Manage the Maritime Environmental and Technical Assistance (META) Program

– Technical Assistance is broadly interpreted to include needed RD&T and technology 
demonstration and verification

– Main topic areas of focus since inception

• Port/vessel emissions/multimodal modeling/decarbonization

• Aquatic nuisance species (ballast water/hull fouling)

• Vessel-generated underwater noise

• Safety

▪ Support Domestic and International Maritime Environmental Policy

– Partnerships with US agencies

– International engagements (IMO/ISO)



Maritime Environmental &Technical Assistance (META) Program

More on META…

▪ Technology and innovation program that performs research, demonstration, 

and data gathering

▪ Collaboration w/other government agencies, industry stakeholders, NGOs, 

academia

• U.S. Federal partners include: DOE, USCG, EPA, Navy, NOAA, National 
Labs, DOT Modes

▪ Focus areas: criteria pollutant and GHG emissions reductions, alternative and 

renewable fuels, energy efficiency applications, green technologies (fuel cells, 

batteries), multimodal modeling, control of aquatic nuisance species, vessel-

generated underwater noise

▪ Results: peer-reviewed articles, white papers, industry guidance

• Informs regulatory/policy actions

• Informs industry on “what works”

▪ https://www.maritime.dot.gov/innovation/meta/maritime-environmental-and-

technical-assistance-meta-program

39



Highlights of META Projects

Maritime Decarbonization

Current Projects

▪ Vessel Energy Efficiency and Decarbonization Guide

▪ Microgrid Demonstration (port focused)

▪ Smartships GHG Emissions Calculator

▪ Battery Electric Workboat Techno-economic Analysis

▪ Vessel Carbon Capture and Storage Study/TEA/Demo

▪ Future Energy Options Studies

– Great Lakes

– California

– Gulf Coast/Lower Mississippi

▪ Lifecycle Emissions Analysis

– ICE vs Battery Electric, Methanol, LNG

▪ Blue Carbon Study (port focused)

▪ Low Carbon Fuel Testing on Marine Engines

40



Path Forward

March Meetings x2

Homework & Dialogue between meetings

Questions & Requests for Information

Identify Priority Research Areas & Gaps

Determine Roadmap Model

Research/Writing 

Determine Day/Time for future meetings

In-person meetings – when/where

41

Decarbonization Research Consortium
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