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* Energy consumption in Hospitals

e Green@Hospital project

* Hospital of Chania: “Saint George Hospita
* Energy saving potential, the Fan coil (paediatric department)
* Energy saving potential, artificial lights (paediatric department)
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Scope of research

Development and application of smart control and management algorithms

in buildings towards nearly zero energy buildings

* Energy saving in existing buildings towards ZEB

 Implementation and evaluation of BOC algorithms in different systems using Internet
based techniques.

ASmeEr




consumption in Hospitals

Hospitals are large energy consumers because of:
- 24/7 operability
- medical imaging equipment
- special requirements for clean air and disease control
Energy consumption per square meter in hospitals is much higher than in many other
types of buildings.
A typical hospital building is designed for long term use and, in practice, is often utilised
for longer periods than its builders ever intended.
High interest proved by the high number of documents produced by public organizations
and private companies.
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consumption in Hospitals

HOSPITAL ENERGY CONSUMPTION BREAKDOWN

Electricity ‘

Other |

38%

Lighting
14%

B Fossil Fuel

Heating
34%

" Fossil Fuel
Base Load
14%

Source: white paper on Healthcare by TAC — Schneider Electrics




Green@Hospital project

OBIJECTIVE

Green@Hospital acts on ICT devices and infrastructures converting them from energy intensive systems to drivers for energy
efficiency.

The expected result is a 15% consumption reduction in the involved areas operating on:

= heating and cooling generation

= lighting

= ventilation

= data center

The main output of the project is a Web-based Energy Management and Control System (Web-EMCS) which integrates model
based energy saving algorithms.

A Maintenance Energy Service, specifically developed and integrated in the Web-EMCS, helps to maintain optimal energy
efficiency after initial efforts.
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Hospital Virgen de las
Nieves of Servicio Andaluz

de Salud

Area:134.000 m?
Beds: 915

Selected solution sets

* HVAC Emergency room
* HVAC Surgery room
e Chillers of data center
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Hospital de Mollet

Area:27.000 m?
Beds: 160

Selected solution sets

* Surgery room HVAC
* Heating & cooling plant

Azia pedaliero o
Universitaria — Ospedali
Riuniti di Ancona

Area:100.000 m?
Beds: 756

Selected solution sets

e Artificial lights
e Chillers of data center
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Area:50.000 m?
Beds: 450

Selected solution sets

e Artificial lights
* Fan coils



http://www.greenhospital-project.eu/case-studies/#tabs-253-0-0
http://www.greenhospital-project.eu/case-studies/#tabs-253-0-1
http://www.greenhospital-project.eu/case-studies/#tabs-253-0-2
http://www.greenhospital-project.eu/case-studies/#tabs-253-0-3

Case study Hospital of Chania: “Saint George Hospital”

Work performed:

e Qutdoor air temperature prediction

e Building and optimization control algorithm for HVAC

* Control algorithm for artificial lights
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Methodology followed

Control algorithms

Development phase Test phase
Input RO :

l __ Local
srssnasnnaSannnnnnnns : : Controller :

: controller :

TrnSyS/

Out“ut —" Radiance ‘—

model




Controller

The controller is giving a new command every 15 min.

&—{ Outdoor temperature |

In SGH the controller is changing the state of:
* Fan coil’s fan speed

* Fan coil’s valve
Paediatric’s ward rooms

&1 Indoor temperature |

/

[Fan speed or energy consumption of the fai'l L& ;
\ 7

o-{Cutlet temperature from the fan coil ]
]

1
[Inlet temperature 1o the fan coil  °

| Freen Chiller/ Boilers | “|[_To Chiller/ Boilers |
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e
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E
If (Temp-error iz NE) then (Coil-change is Up)(Fan-change is Plus-Two) (1)
\ If (Temp-error iz SNE) then (Coil-change iz Up}Fan-change i Plus-0ne) (1)
E If (Temp-error iz £) then (Coil-change is Zero)(Fan-change is Zero) (1)
MBE If (Temp-error is SPO) then (Coil-change is Zero)(Fan-change is Minus-One) (1
EI.IE 1I 1.|5
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Hospital of Chania: “Pediatric department”




Thermal dynamic model
e Simulation software: TrnSyS version 17
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Development of dynamic thermal model for fan coil operation

 Geometry: Hospital’s floor plans, section & views 5 - P
* Fan coil specs: Datasheet Wizard settingy |

* Internal gains information: Collected from hospital 1

e OQutdoor conditions: Meteonorm weather file —
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Building and optimization control algorithm for HVAC — Fan coil (collected measurements)

#—| Dutdoor temperature |

Measurements collection

Data available from 26/08/2013 to 08/09/2013
* Indoor air temperature
* Fan coil energy consumption (thermal & electrical)

Pacdiatric's ward rooms

* Artificial lights operation ]
* Windows position
* Outdoor conditions (temperature, humidity, radiation) I

-

| Fan speed or energy consumption of the fan |_§ g é

=i utlet termperature from the Tan coil |

|Inlet tempearature to the Fam coil

[ Frem Chiller! Boilers | ~|_To_Chiller/ Baoilers |
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Development of dynamic thermal model for fan coil operation — Model validation




Methodology followed

Control algorithms Optimization algorithms
Development phase Test phase
Input RO :
l :  Local i
...................... B Past o Future
: : : controller : .

: controller :

TrnSyS/
Out“ut —»  Radiance i
: model _>

t t+1 t:l-p




Optimization process

32
min( Cost of operating the fan coil + Error of temperature)
1

Inputs: sg that
Valve position . . . .
: Fan cnﬁ:?:s ad ¢ fan of the fan coil is operating only when fan coil valve is open
pe Cost of each gene
- — - - —— ] - - ¢ when fan coil operates, windows must be closed
~ - b - - - I ~
s B~ : ~
Load outdoor temperature | o c i \
. prediction 7\ fu /
S -~ S~ -
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Outdoor air temperature prediction - Strateg

INITIALISE . L
LOOP
fl"-_ Data contain: -_-“1\\ . l
s 1)Time parameters \ LOAD ALL DATA
ll'r 2] Outdoor Temperature I'.- fp— FROM ﬁ Load data of the
L 3) Total Horizontal Radiation i last 4 hours
N 4) wind speed s DATABASE
“._  5)Outdoor Relative Humidity " l
- Data used: -h‘“\ |I d
: Normalise data
i'fr 1) Time parameters (minutes of day) i SELECT DATA
{ . f sesnw for the Neural
\ | Outdoor Temperature FOR TRAINING
3) Total Horizontal Radiation > Network
* Save all the prediction in a variable:
all_predicted
/bata are normalized because they are working)_ _ _ _ | NORMALISE PREDICT OUTDOOR TEMPERATURE Ais0save the actual measurements:
'\\ much better with Meural Networks ,} TRAIN DATA (4-hour ahead) _output
Also save time related parameters:
all_xronos

- " CREATE NEURAL Load data of the last
{ Eiman’ I rkis selected |
i, Fiman'stype Neural Netwark ts selecte _’,-'""" NETWORK day [48 data sets)
_n’"‘";ﬂﬂm me:lfnrtr«lhhg:_-ﬁ"
Maximum number of epochs to train
¢ performance goal Y
! Learning rate o.01 .“. ;
I: Riﬁ.u to increase Ieamil.lg rate 105 TRAIN NEURAL Normalise data
l Ratio to decrease learning rate 0.7 ]- - for the Neural
| Maximum validation failures a0 NETWORK
H Network
% Maximum performance increase 1.04 'if

k)

¥

v

% Momentum constant 0.9
“Minimum performance gradient 1e-1i

. P )
h - Saved file: ADAPT NEURAL NETWORK TO /P s used for adaptation:",
- Adapt passes : § ]




R2=0.982

rmse=0.781
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0Or air temperature prediction — Results

8 hours predictive horizon

4 hours predictive horizon

R-square= 0.9324
rmse= 0.7510

15 20
Measured temperature (C)

12 hours predictive horizon

35

R-square= 0.9696
rmse= 1.0529

15 20
Measured temperature (C)

35

R2=0.9655
rmse=1.1109

R2=0.9637
rmse=1.1370
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Measured temperature (C)

24 hours predictive horizon

R-square= 0.9637
rrnse= 1.1370
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ldentification algorithm

Hidden layer

Output
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Architecture of identification
algorithm

Artificial Neural Network

Topology of identification algorithm

Elman Neural Network

Construction of the model

Grey box

Performance function/ indicator

“Mean square error”

Size of initial train data set 1000
Number of epochs 3000
Number of maximum fails 3000

Predictive horizon

1 step (15 min)




Temperature (C)
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S SO S S S S S | ——Measured temperature | |
: : : | & Predicted temperature
| | | | | | | |

02/07 02:00 02/07 03:00 02/07 04:00 02/07 05:00 02/07 06:00 02/07 07:00 02/07 08:00 02/07 09:00

Statistical comparison between measured temperature and predicted:
0.15 < R-square < 0.81

Root mean square error < 0.6 C
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Inputs:
» Valve position
* Fan coil's speed

tdoor temperature (C}
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Control algorithms

Development phase

Input

o

:  Local :
: controller :

Test phase

TrnSyS/

—>!  Radiance

Optimization algorithms

Future

q---------------d-l

t t+1 t+p

Methodology followed

Implementatlon phase

: controller/
: Optimization :

Green@Hw

web-based enerGy management
system foR the optimisation ofthe
EnErgy coNsumption in Hospitals
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The building optimization and control algorithm - Strategy

Switch fan coil off

~
(| mmemoe | Y Controller

A

Save new values
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Artificial lights - Model development and validation
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Artificial lights — Model output

Doctors’ office

B

Patients’ room Doctors’ rest room
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Development of the BOC algorithm




HVAC & controls
Modelica controls
T, Simulink
building energy - i
EnergyPlus | ‘_‘ ? g TR
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Connection between Matlab and Radiance

- CeNMOIS & Uatganalysis
MATLAB

Current approach

real-time data
www+xm/

Radiance currently connects with BCVTB

only in Linux environment

/

MBER

Date & time &
horizontal
radiation
Simulation model

Matlab’s Environment

Illuminance
set point

Fuzzy controller

1) Simulate sky dome
2) Switch/ dim artificial lights

1) Calculate error
2) Estimated change of art. lights state

3) Combine all above with the geometry 3) Calculate the new state of art. Lights
4) Simulate illuminance in pre-defined points 4) Restrict new state under logical limits

5) Record illuminance level

5) Record artificial lights new state

Our proposal




Mluminance in doctors' room applying the controller Operating condition of artificial lights - Doctors room Illuminance in doctor's room applying the controller Operating condition of artificial lights - Doctor room
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Baseline BOC algorithm




Preliminary conclusions

v Energy saving (> 15%) can be achieved using ICT in hospitals

v’ Control and optimization algorithms contribute to the energy
performance of the systems

v’ Further improvements can be accomplished by fine-tuning the
BOC algorithms
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