Cyber-Physical Energy Systems

LECTURE 3
PRINCIPLES OF MODELING FOR CYBER-PHYSICAL SYSTEMS

INSTRUCTOR: MADHUR BEHL
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Tea Time In Britain










Peaks occur during major sporting events
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Price Volatility: Summer peak

Nominal price: $25/MWh Peak Price: $800/MWh
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Presenter
Presentation Notes
Days such as this are becoming a lot common where the price of electricity increases in the middle of a hot summer afternoon.


Price volatility i1s the new normal

PJM (ISO) Locational Marginal Prices (LMPs) example
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Presenter
Presentation Notes
What we are witnessing is that price volatility is becoming the new normal. And demand response is a clean and cost effective way to mitigate this volatility.


Peak Demand is Expensive!
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Peak Demand is Expensive!
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“All kilowatts are not created equally”
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Demand Response

o Cost-Effective




Imagine getting paid for doing nothing
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Imagine getting paid, or otherwise compensated, for not
using electricity during peak hours!

Principles of modeling for CPS — Fall 2020 MADHUR BEHL - MADHUR.BEHL@VIRGINIA.EDU



A Demand Response Event
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Presenter
Presentation Notes
When the load on the…








Demand Response — Looks familiar
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Presenter
Presentation Notes
Unfortunately, most of demand response is done manually and in an ad hoc manner. It relies on fixed rules for curtailment which offer no guarantees of performance.


Q) If you don't know what's going to happen when you change a set-point.
How do you even know the change is worth making ?

Q) What is the best change that you can make right now ?

ased predictive control (MPC)

What kind of models ?
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Presenter
Presentation Notes
For the facilities manager the important question is that if you don’t..
More importantly, what is the best change..
DR-Advisor answers these questions by providing recommendations..


The control problem in buildings

Integrated control of:

* Heating

* Cooling

* Ventilation
e Lighting

e Blinds
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Model Predictive Control (MPC)

RYC
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Generation, Transmission, Distribution: supply-side




Modeling the grid dynamics ?




I\/IOde\ing the grld dynamiCS ? Not in this course.

v
IEEE 39 New England Power Grid Model
* 39 transmission buses
* 10 generators
linearized dynamics: @(f) = Ax(f) + Bid(t) + Bayult)

objective function: J = tlim £ (ETM Qo B(t) + 6" (1) Qéé(t) + u' () Ru(t) + ’J"Zwij' |Fij)
t,J

memoryless controller: u = —Fx(t)
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Electricity consumption Buildings: pemand-side

Commercial, Industrial & Institutional (C/I/1) Residential

-




Why Buildings ?

40% Portion of global energy use
0) Portion of electricity consumption in
(0 the United States

1 / 3 Portion of global total CO, emissions
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620/ Electricity use due to cooling, Portion of natural gas use 86(y
0 dedicated to space heating 0

lighting and ventilation
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Presenter
Presentation Notes
HVAC presents the opportunity for the biggest bang for the buck.


How are building models obtained today ?

White Box

Grey Box

Black Box
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How are building models obtained today ?
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White-Box Modeling

Not always

v

available
HVAC layout
Floor Plan
Model Tuning
Data Set parameters Guess nominal
Sensor retrofits Floor by floor parameter
Zone by zone values
Wall by wall
Layer by layer
Equipment by
equipment _ o
Transfer geometry Hire building
modeling
" nctuag aec experts

including direct,
reflected, and diffuse
sunlight into wall,

First principles based building energy simulation Longwave radistion

UR.BEHL@VIRGINIA.EDU
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White-Box Modeling

Cost and time prohibitive

(sensor installation, commissioning & expertise)

Not suitable for model-based control

Model complexity and uncertainty, (1000’s parameters and states)
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How are building models obtained today ?

White Box

Grey Box
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Grey-Box [Inverse] Modeling

Not always

v

available
HVAC layout

Floor Plan

Parameter

Estimation
Data

Sensor retrofits

Set parameters
Floor by floor
Zone by zone

Walbv-wall values
Loperbalayes
Equipment by

equipment
Transfer geometry

Guess nominal
parameter

Hire building

modeling
experts
Lumped Parameter

‘RC’ model
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Grey-Box Modeling: ‘RC’ networks

Discrete-Time State Space Model:

(parameterized by 0)
States (All node temperatures):
T,T.,T

T
[eo' ei’ CO’ ci? "go’ 'gi’ IO’ II’ Z]

Inputs (Disturbances and Control):

%J = [T T TI’ Qsole' Qsolc' Qrade' Qradc' Qradg' Qsolt' Qconv'\’jgg§ T

Parameter Estimation:

Least Squares Error
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Heating, Ventilation, & Air Conditioning
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Its all about comfort..

® Temperature 68°F (20°C) and 75°F (25°C)

O Humidity 30% relative humidity (RH) and 60% RH

O Pressure A slightly positive pressure to reduce outside air
infiltration.

@ Ventilation Rooms typically have several complete air

changes per hour
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Components of HVAC System

5 system loops..
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Air handling systems

Exhaust

o W

Roof

L Outdoar Air
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Air handling systems
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Air handling system
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Air handling unit
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Air handling unit
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Air terminals: Constant Air Volume (CAV)
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Presenter
Presentation Notes
supply air flow rate is constant, but the supply air temperature is varied to meet the thermal loads of a space.  It is perhaps the best system used to control the parameters which include temperature, relative humidity, gases, particulates, pressure, and air velocity.  In most cases, CAV systems are small.  The typically consist of a single thermal zone, but variations such as CAV multi-zone, CAV reheat, and CAV primary and secondary systems can be serve multiple zones and large buildings.  New central CAV systems are very rare due in mid to large sized buildings.


Air terminals: Variable Air Volume (VAV)
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IF temperature too high

First reduce reheat till fully closed
Then increase air volume

IF temperature too low

First reduce air volume till minimum
Then start reheat
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Ceiling plenum return

The plenum is the space between the ceiling and the roof, or floor, above.

Airspace Forced-Air Supply«— Plenum Airspace \% Forced-Air Supply«—

P <4— Forced-AirReturn
Il < | TI{I l |’|;|T |
Drop/ Drop/

Ceiling Ceiling

Dead / Non-circulating Active / Circulating 7 /
\

| «— Forced-AirReturn

Living / working space of a typical Living / working space of a typical

commercial building commercial building
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Air-Water interface- Heat exchanger.
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Chilled water loop
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Chiller plants

| 4 million gallons
of water at 42
degree
| Fahrenheit

\26 MW peak
load
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Cooling towers
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Chiller plants
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Just chilling as a
grad student...




my biggest fans...
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\\/ TV ~55°1
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Meeting zone loads
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Local control loops
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Local control loops
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Next lecture..

Creating a dynamical system model of a zone.
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