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' Energy service companies (ESCO)

> energy solutions providers, including:

+

+ + + + +

designs and implementation of energy savings projects
Retrofitting

energy conservation

energy infrastructure outsourcing

power generation and energy supply and risk management

efficiency technologies in lighting, HVAC applied to building
energy management, industrial energy management, or end
users.

Intelligent energy management systems
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HISTORY

> Beginning: energy crisis of the late 1970s introduce the concept
of Time Energy in Texas.

> The industry grew slowly through the 1970s and 1980s,
> The 1990s: deregulation in the U.S. energy markets

+ efficiency technologies in ,

+ many energy services companies (ESCOs) expand the
generation market, building district power plants or
cogeneration facilities within efficiency projects.

+ 1996) District Energy Plant business, completing
construction on the first 3rd-party owned and operated
district cooling plant in Florida.

> 2000s:
+ Enron collapse in 2001 provokes a deregulation efforts

+ ESCOs in the grew by 22% in 2006, reaching $3.6 billion,
the largest independent energy services company
is \

> ESCO market will achieve $66 billion in 2017 !

Intelligent energy management systems
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Preliminary study by energy service companies

> Energy savings tracking methods

+ installing energy conservation measures (ECMs)
+ Measurement and Verification (M&V) process
— Use of spreadsheets for calculate the energy savings
+ International Performance Measurement and Verification Protocol (IPMVP) is
the standard M&V guideline for determining actual savings created by an
energy management program.
+ IPMVP has become standard in almost all energy efficiency projects where

payments to the contractors is based on the energy savings that will result

from the implementation of a variety of ECMs.

Before During After
ESPC Contract ESPC Confract ESPC Confract

Agency's Cash Flow (3)

Energy Energy
+ O&M + O&M
Intelligent energy management systems 5
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Preliminary study by energy service companies
> IPMVP Options Table: Determining Energy Savings

Description Typical Applications
: A Savings are determined by partial R \
field measurements of the energy NGRLIEN SRR MERE DEE\ R

post-retrofit fixture Wattages

: Partially use of the systemis) to which an _ AN IR
| Measured ECM was applied. Some, but not ggihn;?iai?;eafe tDEiI’CaalllﬂQ QR
' Retrofit all, parameters may be 3 reed% o R
. Isolation stipulated. 9 RIM
O 0 L O L W L L U J
- B Savings are determined by field gﬁﬁ;leﬂiﬁﬁgtirg:eﬁg 3
: measurement of the energy use :
. Retrofit of the systems to which the ECM measured SRRV '".”Eter
, Ieaiatian was applied. installed on the electrical
. supply to the pump motor,
c

SEUGR\ R RN IR B Several ECMs affecting many

Whole measuring energy use at the . N ) .
Facility utility meter level. Bills may be ;ﬁ;tzgsljge% bR JELY ECM: ener:gy
corrected for weather. \ conservation
(Utility Bills) measures

: D Savings are determined using Multifaceted energy

- building simulation. This option is rmanagement program affecting

: Calibrated rarely used, and is used primarily many systems in a building but

I\ sirhlation when there is no pre-retrofit where no base -year data are

' utility data awvailable. available,

Intelligent energy management systems
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General overview of intelligent energy

management system

> This solution is proposed instead of the simple rules applied by the ESCO in order

to guarantee the reduction of the energy consumption

MANAGERIAL

PLAN:
* Policy/goals/targets
* Resources

DO:

* Training

« Communication

+ Control equipment
systems & processes

CHECK:

« Corrective/
preventive action

« Internal audits

ACT:
* Management
review

Intelligent energy management systems

TECHNICAL

PLAN:

* Energy data
management

* Assessments

DO:

* Energy purchasing
* Design

* Projects

* Verification

CHECK:

* Monitoring

* Measurement

ACT:

* System
performance
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IEMS structure

> Forecasting unit
+ generation of mathematical models for consumers and generators of the plant

— The models consider different external parameters (i.e., weather data,
working days, production process, etc.)

Forecast
Unit
Energy Database Autotunlng

Histbric * Updating Forecast
registers Models | Forecasting =
. B R
@ » LMFS ——» process Forecasting
—> parameters

General overview of intelligent energy management system



> Diagnosis unit

IEMS structure

+ monitors in real time the signal, detecting and diagnosing possible deviations
or anomalies in the behavior of the loads or generators.

IvicuLeaolliig

parameters

Warnings

-

A

| A |
Historic
register Forecast
Energy Database Current v
> consumption| Diagnosis
g
Model
desviations

General overview of intelligent energy management system



IEMS structure

> Optimization unit
+ it works in real time on the consumption’s operation
+ to eliminate any unnecessary expenses and to smooth the consumption profile.
+ Itis able to send “warnings”, orders of on/off states and orders for the
adjustment of the equipment’s operation.

IEMS

- s

Scheduling comands: . .

- Own Generation Optimization

(micro-nano generation) Unit
- Process A
- HVAC
Forecast
: Warnings
Forecasting and
Unit Reports )
v

General overview of intelligent energy management system
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e Sensors
e Actuators

Car Assembly Plant

Departament
d‘E?';Inyorh

ENERGY HUB

IEMS STRUCTURE

General overview of intelligent energy management system

e IEMS
Scheduling comands: .
- Own Generation Optlmlzatlon
( CAD AJ (micro-nano generation) Unit
( [ S - Process A
o Data acquisition - HVAC
@ o Data logging v Forecast
- - Warnings
PLC’s Mainframe Data base i
server Forecasting and
Unit Reports
Sensors \
-— Y| <+ Autotuning
Actuators % Updating ' AN
e Models ™ Forecasting S
N J — process 3
A Forecasting
parameters
5 Historic
Energy stud register Forecast
e One-time setup
. Cre.atlon of new NNNNAN - Energy. F).atabase Current .  J : -
variables AN > consumption| Diagnosis Warnings
o Multivariate analysis % configuration > Unit
o Criteria for variable One-time > n
selectlon setup Model
desviations
\
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Elements of a industrial plant

> Generation of energy

+ The renewable energy technologies
— Geothermal energy
— Wind power
— Solar power and solar thermal
+ CHP plant with renewable energy sources (RES)
+ Small-scale hydro power
+ Cogeneration

> Energy generated
+ Cooling energy (technical, comfort)
+ Heating energy (technical, comfort)
+ Electric energy (lighting, comfort, process) )

Elements of a industrial plant
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Elements of a industrial plant

> consumption element
+ Press, motors, lighting, air handling units, chiller, heating's, robots....

> Storage element

Electricity Storage  Heat Accumulators

+

Elements of a industrial plant
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Elements of a industrial plant

> Control and management systems
+ SCADA — common in industrial applications

+ Probabilities of improvement in the controls sistems (PID, on off), based on
the Measurement and Verification (M&V) process

— Isolation of heat pipes
— Variable frequency drives (VFDs)
— Control,...

Elements of a industrial plant




Elements of a industrial plant

> Cogeneration: scheme of a gas turbine.

Cogeneration of
Electricity i Heat
L ]

Heat exchanger

Elements of a industrial plant
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> Concept
+ Creation of a mathematical description of the phenomena.
+ Based on parameters or historic behavior.
+ Use computational intelligent tools or physics simulators.

> Used for
+ utilities in generation, transmission and distribution of electricity;
+ in energy markets for price forecasting;
+ in buildings for HVAC control and optimization.

Modeling of loads and generators




Modeling of loads and generators

> Expected Results

d
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+ forecasting of the energy
demanded or generated.
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» Short term (24 hours
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Power (KWh)
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Modeling of loads and generators
> Expected Results
+ On industrial users
— Sample time less than 15 min for control action in an optimal time.
— Short term for control action in an optimal time.
— Middle term for diagnosis and failures detections.
— Long term for reports of efficiency.

Real Profile
Forecasted Profile
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Modeling of loads and generators

> Expected Results

+ On buildings
— Sample time less than 1 hour for control action in an optimal time.
— Short term for control action in an optimal time.
— Middle term for diagnosis and failures detections.
— Long term for reports of efficiency.
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Modeling of loads and generators

> Expected Results
+ On end users
— Sample time of 1 hour.
— Long term for reports of efficiency.

Heating: Consumption 1 Electricity: Consumption 2
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Modeling of loads and generators

> Expected Results

+ On smart grids
— Sample time of 1 hour.
— Short term for control action in an optimal time.
— Middle term for diagnosis and failures detections.
— Long term for reports of efficiency.
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> Parametric modeling
+ Machinery modeling based on internal phenomena.

+ Energy conversion units takes some form of energy and transforms it to
another, Ex:

— a generator converting the rotation of its shaft into electrical energy
— air conditioning equipment converting cold water into cool air.

+ energy conversion unit takes:
— a set of inputs
— internal state variables
— produces outputs

Modeling of loads and generators




> Parametric modeling

+ |s composed by sub-models
— The most simple form is a set of constant conversion coefficients from the
inputs to the outputs.

— The internal operations excludes factors as dependence of the
coefficients on the plant’s operational state (e.g. summer/winter,
day/night) and its dynamics (e.g. start-up of a large absorption chiller can

take up to 20 minutes).

+ |Is used to create on-line models, which are created using a simulator software
and direct measurement of parameters.

+ The on-line models feeding other software's when is impossible capture
historic data of the machinery. )

Modeling of loads and generators




Modeling of loads and generators

> Parametric simulator Software's .
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Modeling of loads and generators

> Parametric simulator Software's .
[ [vendor  |simulator [Primarysourceofdata |

Steam turbine

Boilers

Electrical chillers
Absorption coolers
Photovoltaic panels

Valves
Heat exchangers

Control and logics modules

Modeling of loads and generators
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Flowmaster

Sim Infosystems
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Mathworks
Aspentech

VTT and Fortum

Corys

TRAX

Endat

Modelica Association
Honeywell

Andritz
Empresarios Agrupados

CTI Simulation International

JADE
Flowmaster V7
CASSIM

ProSimulator and
ProGensim

<unspecified name>
Matlab/Simulink
Aspen Plus Dynamics

APROS

ALICES
ProTRAX
Prosim
Modelica
Unisim

IDEAS
EcoSimPro

Vendor website [26]
Vendor website [27]
Vendor website [28]

Vendor website [29]

Vendor website [30]

Vendor website [31]

Software manuals, expert
opinion [32], Somers et al. [33]

Software manuals, expert
opinion, software website [34]
Vendor website [34]

Vendor website [36]

Vendor website [37]
Association website [38]
Vendor website [39], software
evaluation version

Expert opinion [40]
Software website [41] , software
evaluation version
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Modeling of loads and generators

> Data Driven Models.

It analyze the collected data of the system and discover the relationships
between them without to know the physic behavior of the system.

+ Hard-computing

requires a precisely stated analytical model and often a lot of computation
time i.e.: ARIMA models, linear regression, polinomic interpolation.

+ Soft-computing
it is tolerant of imprecision, uncertainty, partial truth, and approximation.
— probabilistic models (Markov networks, Bayesian models)
— Bio inspired models:
» Neural networks
» fuzzy logic
» Neuro - fuzzy models
» genetic algorithmes. )

Modeling of loads and generators




Modeling of loads and generators
> Energy study.

+ Study of the processes and their related energies

+ Definition and selection of the energy drivers of the system: multivariable
analysis of possible variables that affect the behavior of the energy
consumptions.

[EMS

Energy Database
Current

consumption

_>
@ Historic ® 00
registers

Modeling of loads and generators

Historic
registers

("~ e Dataacquisition SCADA
e Data logging F
PLC's Mainframe Data base Diitne
% Server registers
= = @
(rEner:

Analysis of consuptions Units
One-time setup

Creation of new variables
Multivariate analysis
Criteria for variable selectlon

Energy drivers
selection
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| Modeling of loads and generators

> Energy study. Step O:

+ Outlier detection and gap padding.

Outlier detection

— 3 sigma threshold for outliers Step 1: e

Control Chart
25 H
i

UcL3 =19.8

vaz-1s Creation of most
ucl1 =99 1 .
. v Step 2: comonly used
g —s0 !
x : energy driver

s{ERE- *F <l HY4 Laz-4s
4 : : laz=--08 |
-15 v : : v : : : v :

A= A= i 1- A= i 1- 1- 1- H

Jan-  May- Sep- Jan- May- Sep- Jan- May- Sep-
87 87 87 88 88 88 89 89 89

Observatiors ; ; Data pre-procesing
1 : Step 3: (scaling, filters, etc)

— KNN for gap padding (non-parametric) *

; ‘r most likely class .
! ® o Step 4: Multivariable
b ® \ analysis
et ] L [ ]
/ p .\\ . . _
wﬁgki;\' \ o
e e
\\\ \Q"—"/ Identification
O o-o of the Energy
Oo O drivers
©o
o _ © o
= @]
Fea(um1’

Modeling of loads and generators
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Modeling of loads and generators

_ Scada
> Energy study. SR

+ Variables commonly used as inputs.

— Weather variables as temperature, humidity and % S
dew point. *

— Working variables related with scheduled AN eationaf mos
production as: working turn and type of day energy driver
(holiday or working day). *

— Time variables, such as hour and day of week SN Dat preprocesin

— Delayed variables of the target. *

Stepk i

Identification
of the Energy

drivers )

Modeling of loads and generators
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Modeling of loads and generators

_ Scada
> Energy study. SR

+ Preprocessing techniques.

Step 1: Outlier detection
— Standardization ' and gap padding
value—mean *
Std.deviation Creation of most
\ \ Step 2: comonly used
nh Fllter'ng. energy driver
» Wavelet transform *
DWT - Wavelet Tree ﬁ Signal and \pesnsimalioal) N Databls) ‘ . Data pre-procesing
. s 0 ).Wq'\’ 'Wh.‘, ol | - " v Step 3: (scaling, filters, etc)
5’ o et 200 " | I3
101 =
d a w7 SN e o
a, 1 hg_ / .\A)\.\_ J , \\,,. “|‘"'.'|r|-';:]'l'-{'lurll-!’:.i" . '"!"||_||"i||f|:-].|!’lﬁ'u‘?-"f--;- 4,
d 3 ﬁ f‘nmk M m_,_,__,_,__,—'—'—‘—'—‘_‘: S a: Multivariable
% 2 e ﬁ/ ‘\_/ W &l . ] tep,t: analysis
e e T R )
200 3
a d, o E‘WWL J‘m e *
s o o ]
d a ;‘a: A P, "“: 1 “ Identification
a : ¥ J ]
4 4 Zgjr 'H rl L ::_._.g_._.__h‘ of the Energy
o I m[ e e 14 drivers
a, d, | 2 e, ”W '
. 19 1% 1% 15 RO ‘1‘; & 1M 1% 1% 16 18 1M 6
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Modeling of loads and generators

_ Scada
> Energy study. SR

+ Definition and selection of the inputs.

— PCA (Principal Component Analysis) WA andgo g
» Visualization of the information contained *
in a data matrix S, Creationof st
» Reduction of the dimensionality (feature e e
selection) *
» Extraction of new derived variables (latent), sieps: PR
“feature extraction” '
» Smoothing of data (error reduction, *
avoiding collineality) Step 4: M s
» First phase of the explanatory variables for *

modeling

Identification
of the Energy

drivers )

Modeling of loads and generators
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Modeling of loads and generators

_ Scada
> Energy study. SR

+ Definition and selection of the inputs.
Outlier detection
— PCA analysis SRS and gap padding
» Total information contained in the cloud of *
points: the inertia respect CERO in PC Plane SR, Creation of most
energy driver

}

. Data pre-procesing
Step 3: (scaling, filters, etc)

Multivariable
analysis

PC, component

Step 4:

PC, component

a b c *

Identification
of the Energy

drivers )

Modeling of loads and generators



’ Modeling of loads and generators

ANFIS architecture: two inputs, four if-then

L 1: fuzzification — hi
rules and one output. ayer 1: fuzzification — membership

function evalution

YA
Me2(y) 8 4
Msa(y) 4 2
N\ ‘“Al(X Maz(x)
Layer 5

"X

/ Layer 2: fuzzy rule evaluation

Wi = Py (x) - g, (), j=1,2,3,4 i=1,2.
k=1,2.

Layer 3: rule strength calculation

W, =—2— N=4
J Z?r:ﬂ”ilj

Modeling of loads and generators




Modeling of loads and generators

ANFIS architecture: two inputs, four if-then
rules and one output.

Layer 4: output polinomial evaluation
and weighting

z;-@; =@ (pjx +q,y +717)
Layer 5
Z : \
/ Layer 5: final output calculation
Z = Z__}' Z__f . (B__l'

Modeling of loads and generators
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' Modeling of loads and generators

ANFIS architecture: two inputs, four if-then

rules and one output.

Rules
Layer 4

ifx EAAYVEB =z,=px+qVv+n
ifx€E A, AVEB, =2z, =px+q,y+1h

ifx€E A, AVE B, =2, =px+qV+ 13

ifx e A, AVEB, =z,=p,x+q,y+T1,

Layer 5

Linguistic interpretation

Z if production (x)is low(4,) & time (y)is morning (B;)

/ = consumption; = py1x +quy +ny
if production (x)is low(4,) & time (y)is night (B,)

= consumption, = p,x + ¢,y + 1,

if production (x)is high (4,) & time (y)is morning (B;)
= consumptions = p3x + q3y + 13

if production (x)is high (4,) & time (y)is night (B,)
= consumption, = pyXx+ quy +n

Modeling of loads and generators




Modeling of loads and generators
Training algorithms W 1 ; 7

O Antecedent parameters:

Mea(y) 1 2

» Back propagation(BP) Mi(x H(x)

» Evolutive algorithms (PSO, GA)

><"

( Consequent parameters:

ifxe Ay Ay €E B, =z,=px+q,y+n
IfXE€E A AV E B, =Z,=0,X+q,y+1;
IfxXE A, AVE B, =2, =D0,X+q;V+ 13
IfX € A, AVEB, =22, =0,X+q,y+T1,

)

» Square least(LS)

Modeling of loads and generators
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Intelligent energy management system



%)) '
S Z | Departament -\ = J;é/ 1
p s gyar M i;:\
i Electrénica ‘il
——

Supervision, diagnostic y forecasting

» Forecasting process.
> Steps.

LEARN STEP FORECASTING STEP

FUTURE ENERGY
DRIVERS (TIME VAR.,

|
|

|

|

ENERGY DRIVERS :
|

CONSUPTIONS DELAYED VAR,, :
|

|

|

|

|

|

|

(TIME VAR., DELAYED
VAR., WEATHER VAR,,
WORKING VAR.)

FUTURE

WEATHER VAR., CONSUPTIONS

WORKING VAR.)

v NN

MODEL MODEL )

Intelligent energy management systems
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Supervision, diagnostic y prediction

ANFIS model G-ANFIS model

Consumption (kWh)

R
: 0
Tmin(°C) Q Production (units/day)

Training RMSE Checking RMSE

ANFIS 0,0604 0,0622
NN 0,0646 0,0734
G-ANFIS 0,0612 0,0620
W NN NN Table 1. Comparison of RMSE obtained from different )
TmingC Production (unitsday

models and training algorithms.

Intelligent energy management systems
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Supervision, diagnostic y prediction
> Diagnostic:

+ Anomalies detection based in a comparison between the predicted behavior
and the real behavior.

} Diagnosis
Consumos de todas las Prensas y Total de T1A 9
g ' ' ' ' ' ' ENERGEST
-------------------- Diagnosis T1A
700} 4 A
_______ =T
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Optimization

> Concept:
+ refers to problems stated as maximization or minimization of a linear function
subject to constraints that are linear equalities and inequalities.

> Objectives in energy applications:
+ optimize the energy flow in the plant
+ minimizing the operation cost , CO2 emissions, energy peaks demand

> Actions:
+ mathematically formulation of the producer-consumer system based on the
energy hub concept, analysing the different energy carriers inside the plant.

+ Run a optimization algorithm searching for the best local configuration
(connections) between energy producers and load consumers

+ This algorithms that a fitness functions that penalize the costs and emissior)

Intelligent energy management system




“... An ENERGY HUB is considered as a unit where multiple energy carriers can be converted, conditioned and
stored. It represents an interface between different energy infrastructures and/or loads. It consumes power at

their input ports and provide certain required energy services at the output ports...” [M. Geidl, 2007]

ENERGY HUB
Inputs Outputs

electricity

An Energy Hub can contain

natural gas the following elements:

L Direct connections

-
district heat heating
— _‘ —_— ! - O Energy converters

| . O Storage systems

cooling
3 »

biomass
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»  This general modeling concept enables the
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description of power transmission in the same way

Energy Hub Concept

e Converter Clusters (Coupling Matrix) of the System:

as conversion. I—a Caa Cﬁa Ca)a Pa
> ] L,B AN Caﬂ Cﬂﬂ Cwﬂ « Pﬂ
a__, o b o g b .
Input energy _Pﬁ_) ENERGY HUB _LB_> Output energy
carriers carriers L C C C P
@.B,...w Converter Cluster aB,...w AN A AN P oo | | o
Pw Lw
- Pu__ —_— N
a,f.....o < € = {electricity, natural gas, heat,...}
e Coefficients: X1 Xy . X,
\l/ \L Type of coupling Coupling factor | Energy carriers
Lossless transmission Cursnk a=
P COLB |_ ik aB B
a — B Lossy transmission 0<cgpsl a=8
3 gy —> Lossless conversion Cg=1 a#p
Converter - -
Lossy conversion ONRD\Ea S a#P
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he benefits of an Energy Hub are: Electricit}r “ 1} Electricit}r
0, H
e The reliability of the energy supply >0% .
30% s
* Flexibility of satisfying the energy demand ’ FPig i i Lin
Natural gas pi : Heat
50% H > 100%

e Optimization of the energy use in the system

» Advantages of the different energy forms 2 —~

Electricity

Electricity Storage  Heat Accumulators P

» Storage

=+

» Transportation

-PSe

Systems and the Effect of Energy Storage.” PhD thesis, Power Systems
Laboratory, ETH Zurich, 2007]

[G. Koeppel, “Reliability Considerations of Future Energy Systems: Multi-Ccyr
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Energy Hub Concept - Formulation
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Energy Hub Concept - Formulation

Optimization over the power comsuption
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EUROENERGEST PROJECT

» Problems to be solved.
- Increase of competitiveness of car manufacturers by means of energy efficiency management
improvement systems
- To reduce energy costs and Climate change

- To be an example in energy efficiency so as to industrial sector and International policy

» Objectives

— Optimize the energy performance of the automotive industry
— Model patterns of energy consumption & Environment impact
— Intelligent Energy Management System (iEMS) for energy optimization

— Test in a real situation within a large car manufacturer facility

General overview of intelligent energy management system — SEAT example
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PROJECT IMPACT

On users.

Energy and GHG savings (up to 15%), real and verifiable energy and CO2 saving information

On social impact & policy

Car Industry employment and facilities within UE, new financial models (ESCO)

On industry.

Car Industry competitiveness, ESCO model for EE&Renewables, diversification to other

industries, Internationalization

On research activity & technology

“Best Technology Available”, Energy optimization algorithms, CO2 evaluation, real case

validation

)




STRUCTURE OF THE GENERATION MODEL AT SEAT.

Elements of a industrial plant - example seat

ELECTRICITY
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[ Plant Structure [ HVAC equipment

B External data Energy Generation

I crerey Consumers [ Ererey Generators
_ Primary Energy
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< S WV Y o | ;

L~ ' ] Wavelet Transform

m YV VYA =] Step 2' 11 1
3 d | et | IW\I\_ )\ J,.,...Irlu_-;;]..;,1,.,._!,;}_.].,_,_,!,\l._;ﬂ!,,ﬁ!,g,\.,_;l{_.4 i Descomposition - reconstruction
) d, 'J%h X,W.m“k.‘ \_/UT/W\‘M 0 ¢

o -6 Step 3: Training Data Set
a d g /7T

2 TR ¢
a 2, 10 Y F"\"V"‘l{l\_‘ 3: . _
. 2l PAVAAG SeE Step 4: E-ANFIS training using ETA

] oo O
35 d5 l‘a wm“ j:[ 3 . i

B B Step 5 E-ANFIS evaluation: forecast output

y
)

Elements of a industrial plant




s, ;é =
£ S
n
EIQMM

---------

, Start
Me2(y) 3 &

ifxed AyeB =filxy)=pe*+ qleﬁly +n
ifxea,nyeB = fxy)=pes +qef 4,

e:) . 2 x € h Ay e 8= fo(ny) = Pt + uefY 47y Step 1: Scaling and reorganization for each data
‘PAI(Xi i Maz(x) ifxeA nyeB = f(0y)=pes +qef £ i
X Wavelet Transform
Step 2:

Descomposition - reconstruction

.

0 = a(2) - 15 () Step 3: Training Data Set
@; = z; fm1 ¢
= Step 4: E-ANFIS training using ETA
Zfinal = Z @ z(x%y) i
j=1
Step 5: E-ANFIS evaluation: forecast output

y
)

Elements of a industrial plant



800

600

00|

0712110 0713 07114 07115 07116 0717 07118  07/19
Date

S ,
| | I

v Sar Ge e Dee  dawil or
2000 2000
1800F | 1800
1600 1600
§ 1400 § 1400
£ 1200 < 1200
g 1000 g 1000

14/11 0315 0316 0317 0318 0319 0320 0321
Date
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Step 1:

Step 2:

Step 3:

Step 4:

Step 5:
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Scaling and reorganization for each data

.

Wavelet Transform
Descomposition - reconstruction

.

Training Data Set

v

E-ANFIS training using ETA

.

E-ANFIS evaluation: forecast output
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Energy Hub definition and structure

Generator Expected Models:
e Co-generation

e Thermal Boilers
Absorption Machines

Cooling Machines (Climaveneta)

Cogeneration

Boilers i
| o v
COG (&£,Q=f (Gas)) | L :%‘ |
BOILERS (Q = f (Gas)) § e
Abs Mach + Climavenet (Q_,, =f (£)) ! : o A
: Absorption o
i Machine Lo i
MMM - s z
onsumptions: | Electricity | |
e  Thermal Energy Demand (Cool/Heat) ! I !
e Electrical Energy Demand ! _ !
! Climaveneta : | )

Elements of a industrial plant
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Energy Hub definition and structure

e Analysis of the pilot plant — Workshop 1
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RLT8.2
RLTS.2

i Chillers (R2ZJ[EER=2,47) 7}
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Mathematical formulation:

4
Aserption T )
3 5.643,05kW Coolingwater
5.643,05kW 2

P1 = Thermal Demand T1 P9 = ool Demand PHS
P2 = Cooling Demand PH1,PH2, PH3,PH4

P3=P2xn55%

Electricity 7

P10 = Cool Demand PHG

Pd=P2 + P3 P11 = Cool Demand PHT
P5= J(fl *P4}*nba,-aw B P12 = P9 % c2,
Po=(1—-7f1)«Pd=ni, -
P7 = Electric Demand RLTs P13 = P10 * i
P8 = ‘I:':’ P14 = P11 #nfiq
??:rag
e
[eekuraimensw | " o
e Energy Requirements:
| Chillers (R134a)(EER=2,51) —D
R Gas Demand = P5 + P6
> | N Electic Demand Grid = P12 + P13 + P14 — P8
14 m‘ 1 RT3 | |
N ???
[Ro2i ]
k — J
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Energy Hub definition and structure

e Analysis of the pilot plant — Workshop 5 4

NN (e
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Energy Hub definition and structure

TR
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Gas

Electricity

Boilers

Hot water

Cogeneration

12

10 |

11

Absorption Machines '

[ BBC-YORK 3.900kWES9 E2 |

| BBCYORK3.900kW ES9E2 ||

| BBC-YORK3 900kW ESIE2 | |

i Chillers - Climavenetas
i 631kwW i

i |
i 631kW |i

i"Chillers = Climavenetas ;
| BE/SRAT-3203HT 428kKW. ‘

' |
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Cooling water

v

AG1

RLT1.2
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RLT10.1 i
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RLT6.1
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RLT6.3
RLT 6.4
RLT 6.5

RLT15.3
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RLT15.5
RLT15.6
RLT CLS
RLT CL6

RLT9.0
RLT9.1

Mathematical formulation:
P1 = Thermal Demand

P2 = Electric Demand

P34+ P4 + P5 + P6 = Cooling Demand
P7 = F1 % Nypiier * (P1 + P9+ P10)

P8 =(1—f1) #Npper* (P1+ P9 + P10)

cool

PY =2 «fapa

P10 = f3 xng%

« (P3 + P4 + PS5 + P6)
« (P3 + P4+ P5 + P6)

P11 = f4 « %y » (P3 + P4 + P5 + P6)

cool

P12 = fdsnnin
P8

« (P3 + P4 + P5 + P6)

Pl3 = =
HNeog

RLT13.0
RLT13.1
RLT 21.0

6

Y

E
=)
o
E
5
~

RLT6.6

RLT7.0
RLT7.1
RLT7.2
RLT8.1
RLT8.2
RLT 8.3
RLT 8.4
RLT 8.5
RLT 8.6

RLT21.1

[Rr201] |
[z02]

RLT22.0 ] |
RT22.1
RLT24.0

Energy Requirements:

Electic Demand Grid = P2 + P11 + P12 — P13

Fas Demand = P7 + P38

RLT24.1

WV 4

X
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System optimization for energy management.

*  Test of optimization algorithms — Graphic user interface of scenario’s configuration:
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» Optimization criteria:

ConmenBony +Cgas+va

total gri
minimize: C,.,
subjectto: Pgy =C tci)r:al

—in —in —in
Pmin < P < Pmax
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Initial (at the top) LPs, GA (at the middle)and MOGA (at the bottom) LP results.
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Summary results for the Implemented GA and MOGA

Description GA |MOGA| Unit Observation
ASR number 2 unit A and B
Motors for control 4 unit x and y axis
Total searched delays 8 unit 4 by ASR
Allowed maximum delay 5 S
Maximum obtenaided delay 4.9 0.1 S
Initial total time 294 29.4 S
End total time 34 29.5 S With MOGA the total delay is less
Initial maximum total load peak 56 56 A
End maximum total load peak 44 44,49 A
Load peak reduction 21% 21% %
Average CPU time 5 90 S I Core@T""Z?AngjHCZ:PU Sl
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