INTELLIGENT ENERGY MANAGEMENT

Intelligent Energy Systems / Energy Technologies
Dr. Christopher Lange, Dr. Richard Ochsner, Johannes Geiling, Alexandra RueB

~ Fraunhofer

IISB

6/13/2022




CONTENT

Motivation >
Basics >

Real-world laboratory »

Energy system optimization »

TotalSystemControl »

Summary »

Publications »
Contact

\

2 public ~ Fraunhofer

© Fraunhofer 1ISB



MOTIVATION

Motivation »
Basics

Real-world laboratory »

Energy system optimization »

TotalSystemControl »

Summary »

Publications »
Contact »

\

3 public ~ Fraunhofer

© Fraunhofer IISB



Motivation

M Typical energy infrastructures in industry consists of different energy sectors
Electrical (AC und DC) - i
] 153

Heating and Cooling ! TS

Gas (e.g., natural gas, hydrogen) e “u
Other (e.g., compressed air, vacuum etc.) 2
- The sectors are coupled via different plants (e.g., heat pump, CHP, chiller)

B Intelligent energy management - Consideration of all relevant couplings between the components
and combination of different intelligent operational strategies

Peak shaving
Main goals:

Efficiency increase ' Reduction of CO, emissions and energy costs

Self-consumption optimization

\

cf. [1ISB19] ~ Fraunhofer
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Basics
Load profiles

M Load profile: time course of the purchased electrical power, other name: load curve

B Load profiles are composed of

Base load: Purchase that is always present,
depending on seasonal and calendar variables.

Peak load: Short-term high purchase that
differs significantly from the base load

PA

Low load: Purchase, which is closer to the base load than to the peak load

High load: Purchase, which is closer to the peak load than to the base load

There are different definitions in literature, e.qg.:

peak load
high load

low load

- base laod

t

J. L. Mathieu, P. N. Price, S. Kiliccote et al. ,,Quantifying Changes in Building Electricity Use, With Application
to Demand Response”. IEEE Transactions on Smart Grid 2.3 (2011), S. 507-518. DOI: 10.1109/T5G.2011.2145010.

\
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Basics
Peak shaving

B [nitial situation: Load profile with the 15 min mean values of the power purchased from the energy
supplier

B Definition of a purchase limit
(maximum allowed mean power Load profile with 15 min mean values
per 15 min period) 4

Limit can be constant or time variable . .
S R T 4 - _ ) _Purchase limit (15 min)
Load peak becomes visible ‘—|_\_\_|_

o
2
B Highest load peak in the billing period 28
is relevant for electricity costs Load profile g
Maximum 15 min average value T |
should be reduced to purchase limit _
_ _ 15 min
1 min values may exceed this e >

\
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Basics
Efficiency increase

B Shift operation points to time periods with higher efficiency - energy storages needed

® Example: Chiller and recooling plant
Chiller’s efficiency (COP*) depends on thermal power

Recooling plant’s efficiency depends on ambient temperature and relative humidity

COP* of chiller
1 based on
| cooling load

., Cooling capacity of
recooling plant based

" on ambient

“° temperature and

w0 relative humidity

50!

Recooling capacity in kW

200

100

I H I I H I I I
0 50 100 150 200 250 300 350 400 450 humidity in % Air t t in °C
Thermal power in kW umiaity in 7o Ir temperature in

cf. [Pul19a], [Pul19b] ~ Fraunhofer
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Basics
Self-consumption optimization

B Optimization of self-consumption (e.g., energy of RES*)
W Charge storage, if surplus locally generated energy is available

“ Discharge storage, if demand exceeds production

KPIs
Self-supply rate SSR:

SSR =1 — Eimport

] Edemand
charging _
e Own-consumption rate OCR
p ><>.-__ . OCR =1 — Eexport
}I = J ) generation
Import discharging
public grid Consumer Battery energy
(e.g., factory) storage system
T own-consumption
export | jy—_i=_ —— charging
photovoltaic plant
9 public *renewable energy sources Z Fraunhofer
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Real-world lab at Fraunhofer IISB as research and demonstration platform for
sector coupling using complete institute
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Real-world lab at Fraunhofer 1ISB
Energy storages

B Energy storage systems at Fraunhofer 11SB
“ Electrical energy storages (stationary and mobile Lithium-lon, Redox-Flow)
“ Thermal energy storages (hot- and cold-water storages)

“ Hydrogen storages (pressure, chemical)
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praunhofer 1ISB Fraunhofer IISB © Fraunhofer lISB y / urt /F dicr 1ISB §

Redox-flow container Hot water Cold water Mobile Lithium-lon Battery Chemical hydrogen storage
with [ISB’s control system storages storage system based on LOHC
. =
R public cf. [Och19], [Mar19] ~ Fraunhofer
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Real-world lab at Fraunhofer IISB
CPH, heat pump and cold storage

® Application CHP* combined with heat storage
" Increase of energy self-generation (heating, electrical power)

@ Utilization for peak shaving with algorithms and control
developed at IISB

B Application heat pump
@ Utilization of residual heat in exhaust air systems
" Load shedding during electrical load peaks
B Application cold storage
" Increasing efficiency
% Increase of utilization of free cooling

W Peak load reduction

E public *combined heat and power plant  cf. [Lan21b], [Mar19] ~ Fraunhofer
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Real-world lab at Fraunhofer IISB
Hydrogen technology - system integration

M Fuel cell, electrolyzer, hydrogen storage
Development and investigation of hydrogen systems
Characterization of fuel cells and electrolyzers
Development of component models and simulations

Model based development of operational strategies
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Hydrogen test bench: Measurement data of a fuel cell LOHC container for investigation on long-
Gas mixture and conditionings system experiment term storage of electrical energy

\

cf. [Ste18] ~ Fraunhofer

1ISB



Real-world lab at Fraunhofer IISB

Application platform for hydrogen

——— Hydrogen — LOHC

—— DCgrid —— Waste gas

— ACqrid [ Test bench }

Photovoltaic oo

Mobile applications

Application platform: control algorithms based on simulations

LOHC Reactor
charged LOHC

Battery
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Energy system optimization

Simulation

B Advanced energy system simulation
Data analysis methods and tools

Model library for energy-related plants
and components, e.g., energy storages,
generators like heat pump, chiller, CHP,

PV, aqua-thermal plant etc.

Dimensioning algorithms for
applications like peak shaving and

increase of self-supply etc.

- Non-invasive optimization of energy systems
considering all relevant energy sectors

- Scenario-based study of adjustments and

extensions

Free Loadprofile-Analysis-
Tool, available online:

https://www.proenergie- |-
bayern.de/de/veroeffentli | -

chungen.html

Simulation tool for the energy
building infrastructure based on
a component library as well as
intelligent operational strategies
(project: ProEnergie — Bayern)
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Energy system optimization
Data-based modelling of energy system components

B Model library for energy system components
B Data-based approach and use of Al
B Training of model with historical measurement data | |
. . 900 | Measurement
m Automated process for easy transfer to other applications — model SVR_1
800 T mereT :
B reoroces and siting of doto
700
asionna T e [
:
Train and % 500 9
opt|m|ze model
400 A
Valldate model
0‘3 ® A0 b A& N Ao 20
oV 2° oV 2° 0’2;16 O,L,’LQ’ Q’L”L@ 07;16 0’1«’16 Q'L:L()
Comparison of measurement and two distinct models
]
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Energy system optimization
Automation

B Implementation of innovative plant concepts for energy systems
" Realization of demonstrators and prototypes
@ Implementation of control and measurement functions according to IEC 61131

® Plant characterization and functionality validation
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© Fraunhofer IISE : o 1S3 [ ~© Fraunhofer IISB 1 o Fratnhofer IS
Heat pump system for heat Overview screen for visualization of a Efficient connection to cooling Large cold storage as intelligent
recovery from exhaust air CHP plant (HMI) network via transmission station component in the cooling network
19 H ?
public cf. https://www.energy-seeds.org/ ~ Fraunhofer
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TotalSystemControl
Framework for an intelligent energy management system (iEMS)

- Global level
- Local level
Global level Local level (PLC*)
v' Load prognosis v’ Safety functions
v’ Superior operating strategy v’ Basic functionality, autonomous operational strategy
v Schedules for storage operation v Physical inputs and outputs
v' Peak shaving v" Operating unit for the plant

\
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TotalSystemControl
Operational strategies

B Example: Extension of a heat/electricity-controlled CHP unit to include peak shaving functionality
Division of the thermal energy storage into four virtual zones, reserved zone for peak shaving
Intelligent operational strategy (including FSM) for retrofitting existing CHP systems

Battery system for increasing the dynamics (e.qg., start-up process of the CHP)

Peak shaving with CHP and BESS
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cf. [Lan21a] ~ Fraunhofer
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TotalSystemControl
Load forecasting

O Y o peproceng
h 4
D 4
R cnce: dlortim

B Methods
w Time series models (ARIMA)

w Artificial Neural Networks

Cooling load
500 - Forecast

“ Machine learning algorithms
Standalone implementation

Automated process

Thermal power in kW

Integration in predictive control algorithms

Accuracy:
W  Electrical load: MAPE 5%
® Thermal load: MAPE 10 %

’— Production plant

200

T Ann ann

El. power in kW

Sep 18 Sep 19 Sep 20 Sep 21

Forecast of cooling load (top), which is strongly shaped by the operation
of a production plant (bottom)
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General approach and summary

gl ! o

T Data analytics . B -
Monitoring . -
| Measuring and logging - Data science and statistics |

: ' Diagrams, key figures - Algorithm development

data processing | .

S W . BVALS Operational strategies

—S.¥S tem Optlm ization Energy flow control

Efficiency & meltabilltyT Use of Artificial Intelligence

Implementation and optimization : Simulation

Implementation of operational strategies

- Component models
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System simulation, scenarios
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