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Historic Green Village: Net Zero Energy Community (NZEC

https://sites.psu.edu/sbslab/research/city/net-zero-energy-community/
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https://sites.psu.edu/sbslab/research/city/net-zero-energy-community/

Operation of NZEC in Islanded Mode

After 2017 Hurricane Irma, Ana Maria island had power outage for 10+ days.

Solar PV Subsyst

cm

Solar PV Panel

e

Bus

Buildings Subsy&tem i

Bus

Building {L

Bus

!

U.

1

Solar
Heate

|
3

Hea“

Pump I

\ ‘ ‘\
_

1=

‘/ l/

-

|

ﬁ

f 1
Borehole
Heat Exchanger

| Domestic Tot Water Subsystem

Electricity

Domestic Hot Water
Heating /Cooling Air
Heating /Cooling Water
Recovered Heat

Ground-coupled Heat
Pump Subsystem

szﬂAw

’I
| I»\M‘\J ‘\ M\ \"J

N
=}
L

-
o
L

Ml
i %\ W

9 10 11

—
=3
!

I
/)

24 ”|

Gust speed [m/s]

w
L

1 2 3 4 5 6 7 8
September

12 13 1 2 3 4 5 6 7 8 9 10 11 12 13

Temperature and wind speed data from HGV during the hurricane

DHI

=]
5T e Se
E — Top-level
@ - T_ ® modelof HGV
ey |l in Modelica
; o e ¢
B

+ omHotWat

J. Wang, W. Zuo, L. Rhode-Barbarigos, X. Lu, J. Wang, Y. Lin 2019. “Literature Review on Modeling and Simulation of Energy Infrastructures from a Resilience Perspective.”
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Research Challenges

* The load scheduling of resilient communities in the islanded mode is subject to
many uncertainties.

* The uncertainty from the power generation side mainly lies in weather forecast
errors (i.e., outdoor dry-bulb temperature, solar irradiance).

* The uncertainty from the energy consumption side is mostly due to occupant
behavior stochasticity.
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Methodology: Optimal Control for Resilient Community Operation
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J. Wang, K. Garifi, K. Baker, W. Zuo, Y. Zhang, S. Huang, D. Vrabie 2020

Energies, 13, pp. 5683.
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Methodology: Load Categorization
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Methodology: Impact of Occupant Behavior
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Methodology: Stochastic Occupant Thermostat Changing Models

» Logistic regression models adopted from
literature to simulate low, medium, and high
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Results and Discussions

Scenarios

Impact visualization (Residential Building)
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Room Temperature Prediction Error Distributions

Considering the occupant thermostat changing behavior as a source of room temperature
prediction error, we developed the error distributions from the Monte Carlo simulation data.

Normal distribution, half-normal distribution, and constant.
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Control Testing Results (Residential Building)
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Plant-model mismatching.

Narrower room temperature ranges from the
low uncertainty scenarios to high uncertainty
scenarios.

Same unserved load ratios.

Chance constrained controller leads to a
savings of 6.7 k\Wh of battery capacity for the
community.

With the increase in the occupant
thermostat-changing uncertainties, the room
temperatures tend to get closer to the
occupants’ preferred room temperature.
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Conclusion

« Three levels of stochastic occupant thermostat changing behavior models were
introduced into a deterministic load scheduling framework as a source of
uncertainty.

« A preference-aware scheduler was proposed to address the uncertainty through
chance constraints.

« Generally, the proposed controller performs better in terms of serving the
occupants’ thermal preference and reducing the required battery size compared
to the baseline controller.
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