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Growing Demand for Energy Resilience

Source: New York Post

Smith, Adam. 2021. U.S. 

Billion-dollar Weather and 

Climate Disasters: Data 

Sources, Trends, Accuracy 

and Biases. Ashville, NC: 

NOAA National Climate 

Data Center



Demand for Electricity is Growing

Source: Murphy, Caitlin, Trieu Mai, 

Yinong Sun, Paige Jadun, Matteo 

Muratori, Brent Nelson, and Ryan 

Jones. 2021. Electrification Futures 

Study: Scenarios of Power System 

Evolution and Infrastructure 

Development for the United States.

Golden, CO: National Renewable 

Energy Laboratory. NREL/TP-6A20-

72330.

~120% increase ~140% increase
Majority of growth met with 

intermittent renewables 

and limited storage 
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Nanogrid and Microgrid Testbed Goals

Fuel

Micro
CHP

➢Maximize Efficiency

➢Minimize GHG

➢Maximize Resilience

➢Cost Effectively

➢Minimal Customer Impact
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Nanogrids and Microgrids

Energy systems with multiple controllable energy sources and various controllable loads
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Relative Greenhouse Gas Scenarios
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Source: Energy Information Administration

Now

Source: Center for 

Climate and Energy 

Solutions
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Nanogrid Testbed on GTI Energy Campus
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Microgrid Testbed on GTI Energy Campus
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Simulated-Use (Virtual Test Home) Approach

Modeled

Loads

Measured

Outputs

Laboratory Test Rigs Models (or digital twin from field)Virtual Test Home

Simulated use testing       performance mapping       Advanced modeling       Quantify: GHG, EE, Cost savings
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Forced-air/Hydronic Heating Performance
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Air-source Heat Pump Performance

Source: Center for Energy and Environment

COP: Coefficient of Performance

ASHP ccASHP#1 ccASHP#2

U.S. Average Source Energy 

Conversion Factor for the grid is 

2.63 based on eGrid 2020.

(≥100% efficiency = ≥2.63 COP)
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Hybrid Hydronic/ASHP Performance

ASHP
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Nanogrid Performance
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Nanogrid Research Results

• Self-powered HVAC/DHW

• ASHP off if grid power lost

• Annual COP ~1.1

• 1.5 ton ASHP, 18 SEER/10 HSPF 2-stage

• 97% UEF TWH + 50 gal Tank

• 60 MBH advanced AHU 

• 1.5 kW mCHP
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Nanogrid Performance 
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• Maximize Energy Efficiency

• Minimize GHGs

• Improve Energy Resilience

• Reduce Operating Costs

35% 34% 37% 30% 47% 1% 23%

32% 41% 21% 10% 49% 0% 47%
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Research Conclusions
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