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Research Institute for Smart Energy (RISE)

RISE is established, as a cross-disciplinary research platform in PolyU,
for developing innovative energy technologies, sustainable and carbon-
neutral solutions.
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Research Focus Areas of RISE

Research Institute for Smart Energy (RISE)
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l ( District energy systems and smart grid
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| ( Smart buildings and smart energy systems Smart energy system technologies
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i ( Advanced energy storage technologies ’]_l
i > e AR i Enabling energy technologies
! Advanced and renewable energy conversion technologies DS energy product manufacturing industries
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v RISE is a university-level research institute in PolyU, involving about 70 professors/faculty members from 12
departments in the university
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Regular means for carbon neutrality in power sector
and the key problems
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A new and more cost-effective approach for carbon neutrality
= Load Flexibility and Energy-flexible Building

: Typical flexibility services
In the past: Power generation follows power

demand (generation side has good controllability) | Frequency regulation

In the future: Demand has to “follow” power
generation (generation side has poor controllability
under high renewable penetration)

=N Urgent Load Reduction

< L (seconds)
“Load flexibility” refers to ability of consumers /UJ\—’\
at demand side, such as buildings, to reduce Time |

and reshape their power use without

there is short or surplus of power supply. —Load shifting ——

Load (kw)

unacceptable compromise on services when

Time of day



Contral of bullding air-conditioning systers under limited cooling supply
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Conventional Building process control needs conceptual upgrade

Demand-based feedback control Supply-based feedback control
—> Under limited cooling supply

Parameters * Demand limiting control
meastrement ﬂ' * Morning start
> control signal
| Controller » Process > * Soft stop
sefpoint

Limitation: Regular controlled variables are floating
=> Normal workin g con dition and cannot be control at desired steady-state

with s Uf f icient s upply setpoints. It is therefore can be used in special and
transient conditions and needs to work together with
demand-based feedback control
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Supply-based feedback control for air-conditioning systems under limited
cooling-supply — The Concept
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Cooling

SW Wang, R Tang, “Supply-based feedback control strategy of air-conditioning systems for direct load control of buildings responding to urgent requests

of smart grids”, Applied Energy 201, 2017
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Needs for proactive demanc

O Facing sudden pricing changes/urgent incentives, demand reduction should be achieved within a very short

time, i.e. minutes.
Conventional Method — Cooling Demand-based Control Method

- Decrease
Increase Decrease building Decrease HVAC .
T lina d d l | ==) | power consumption
indoor cooling deman cooling supply of HVAC
Proactive Method — Cooling Supply-based Control Method
Decrease Decrease Decrease
i . ) Increase
power consumption |==| cooling supply |==| cooling supply T
of chillers of chillers to building indoor
Indoor air temperature set point reset Direct chiller demand limiting control
/ / .
Temperature Reset . Direct Load Control
Chiller . — Signal | (i)hﬂler . — Signal
Power ! Chﬂhr?ower | ower B Chiller Power
Demand Reduction ‘ Demand / Reduction
< > > :<_>: >
Response time is over 30 minutes  Time Response in seconds and be stable in minutes Time
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d limitations

First-generation of supply-based feedback

control adopting utility function Limitation and Research gaps

* Implementation of supply-based
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i snissiisiissl s & feedback control in conventional building
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i Cooling -.-iL|TerminalUnit|-.-|Building Spacel———-: i — X i * A Strategy deployable 1n commonly-used
Cooling Generation i . -.LlTerminal Unit [==ji==! Building Spacel————-:_, i dlgltal contr()llers’ SUCh as DDCS’ IS
(Chillers) . | ) |
Coolin ! . |
o i urgently needed.
S| AHU —p—E } * Integration with regular demand-based
Cooling ™ — - - = - - - - mm e —— e —— s —— - —— - =

feedback control

SW Wang, R Tang, “Supply-based feedback control strategy of air-conditioning systems for direct load
control of buildings responding to urgent requests of smart grids”, Applied Energy 201, 2017
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Reconfigurable supply-based feedback control strategy

0 The proposed reconfigurable control strategy can adjust feedback control loop online to match different
needs or objectives of controls under demand limiting with limited resource/supply and under normal

situation with sufficient supply.
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Reconfigurable Control

Setpoint reset scheme

F

Control loop reconfiguration
scheme

Mingkun Dai, Hangxin Li,
Xiuming Li, Shengwei Wang.
(2024). Reconfigurable
supply-based feedback
control for enhanced energy
flexibility of air-conditioning
R systems facilitating grid-
Progess interactive buildings.

2 Advances in Applied Energy,

By ’ 14, 100176.
Block diagram of the feedback loop reconfiguration
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f
: The proposed control strategy is deployable in commonly- !
|
|

&

used digital controllers, such as DDCs
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Integration of supply-based feedback control with Al-empowered

grid-interaction and energy management strategies for buildings
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Operation model supervisor

Air-conditioning control mode
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Optimal morning start

Normal control Demand limiting control Reconfigurable control
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Basic approach of the hierarchical optimization strategy for
building demand limiting control

Power limiting threshold

Sequence reset optimization scheme

1

1 1
' |
: @ ™ I
: o Chiller sequencereset Chiller number :
: optimization (CSD) :

L

: e ~  Chiller number i
: Chiller sequence and frequency & frequency I
: | resetoptimization (VSD) i
1

1 1

Measurement-based power regulation scheme

(for VSD)

| :
: I
: Measured power @ i
: Chilled water flowrate v :
i —:[ Power ] (for CSD) { Chiller Plant ] !
| regulator J Chiller frequency (CSD/VSD) :
' :
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~ Occupancy urrent weatner

scheldule internal iondition

Cooling energy and steady-state load
prediction

Cooling Steady-state
energy, Qpc cooling load, g

Chiller combination generation (/ =1..,n)

Al-empowered morning start (Cchi > 4s5)
. . . . Coolin Cooling capacities vector
optimization of chiller plants enerey, Qre | ﬁ[cch,l\g---?cch,,,]
- chiller combination and e et betormance
st a r’t | N g t | me (precooling power consumption & time)

[Tp1,--» Tpal [Ep1,*, Epn]

Optimal Precooling Mode Identification
EP,opt = min{EP,l/ Y EP,n} => Cch,opt' TP,opt

Precooling time Vectorﬁ ﬁEnergy consumption vector

Optimal precooling settings:
chiller combination & corresponding starting time
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Deployment and Full-scale Implementation in Buildings

Management/Data servers Al-enabling Control Station
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I I I Deployment i
BACnet/IP
[ Network ] [ Network ] Optimal Control Strategies
Stati Stati s ST
el a|'°n * Optimal demand limiting control
% "M‘ * Optimal morning start control
BACnet/MS-TP 'Fbj_,ﬂJ‘

‘ * Supply-based feedback control
Chiller plant '
Field Field 5
{Controller] Controller |+« | cController le -

(DDC) (DDC) (DDC) Deployment
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Thanks/

Email: beswwang@polyu.edu.hk
RISE Website: www.polyu.edu.hk/rise
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