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Motivation

Electrified building

▪ A lot of devices → complexity

▪ Thermal

▪ Electrical

▪ Diverse uncertainty →
robustness

▪ Dynamic environment → speed

We need an automatic system that 
solves all three at the same time
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Energy Management Systems (EMS) decide the 
best way to operate the Multi-Carrier Energy 

System (MCES)

03-10-2023

9

▪



Building our first EMS
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How do we start?
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2.1 Infrastructure
Let’s get real
▪ Standardized connection to improve 

products (plug & play).

▪ Use flexibility focused comm. protocols 
(S1 and S2) to enable flexible services!

▪ Working closely with TNO and Flexible 
Power Alliance

VLAN
S2

IoT Hardware 
board

NOTES/HOLDS:
1. The hardware implementation of the remote secondary controller DA-1-EMS-A.RMT is not yet defined.
2. All Borg equipment is integrated into 1 (one) the TH-1-EHI-A controller. The software for the RM for the three (3) 
devices will be implemented by Borg.
3. The integration of the EL-3-BESS-B/C/D is on hold due to uncertainties in the engineering. They will be integrated in 
later stages of the project.
4. The control types of the resource managers are not yet defined.

References & Symbols

IoT Thermostat

Wireless Access Point Switch Database

IoT Generic

Domain Controller

Low Voltage Circuit Breaker
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Opt. Algos
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TH-3-TESS-AEL-5-GRD-B
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EL-3-BESS-C/D
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Switchboard
0962HVI-1
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RM
Control 
mode:
FRBC

VLAN
Modbus TCP/IP

VLAN
S2
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Control 
mode:
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EL-4-PEI-A.CTR

Thermal system 
controller
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EL-3-BESS-B.CTR

Battery primary 
controller

EL-3-BESS-C.CTR

Battery primary 
controller
EL-3-BESS-

D.CTR

Real-time 
applications 

(balancing and 
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Rule based 
controller

Optimal 
controller
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Modbus TCP/IP

RM
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Heat pump
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pack
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Li-ion battery 
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EL-3-BESS-C

Sea-salt battery 
pack

EL-3-BESS-D

Solar panels
EL-1-PV-A

S2

EL-1-PV-A.RM

EL-2-EVCH-A.RM

EL-3-BESS-A.RM

EL-3-BESS-C.RM

EL-3-BESS-D.RM

Secondary controller - Local

DA-1-EMS-A.LC Hardware & Software 
provision - Borg

Hardware Software 
provision - Recoy

Hardware Software 
provision – Dr Ten

RM
EL-3-BESS-B

Modbus TCP/IP
S2

RM
TH-2-HP-A.RM

TH-3-TESS-A.RM

TH-4-STH-A.RM

Modbus TCP/IP
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Alternative 1: Distributed

Hardware provision – PRE
Software provision – PRE

Hardware provision – PRE
Software provision – TU Delft & PRE

To DA-1-EMS-A.LC

Document Rev. Date

FLXN-LS-001 1 7-1-2023 List of Equipment

FLXN-LS-002 0 1-2-2023 List of Signals

FLXN-CCA-001 0 1-2-2023 Control & Communication Architecture

FLXN-DEG-001 0 1-2-2023 Control & Communication Design Guide

FLXN-SLD-001 2 1-2-2023 General Single Line Diagram

FLXN-SLD-002 0 1-2-2023 FLEXGrid+ Single Line Diagram

Related documents

Rev Date Description Made CKD APP

0 3-2-2023 First Revision DSL GRM

1 24-4-2023 Second Revision DSL GRM

Parking Lot

Dream Huis

DA-1-EMS-A.LC

Rev Date Description Made CKD APP

0 3-2-2023 First Revision DSL GRM

1 24-4-2023 Second Revision DSL GRM
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Secondary controller - Remote

DA-1-EMS-A.RMT

Document Rev. Date

FLXN-LS-001 1 7-1-2023 List of Equipment

FLXN-LS-002 0 1-2-2023 List of Signals

FLXN-CCA-001 0 1-2-2023 Control & Communication Architecture

FLXN-DEG-001 0 1-2-2023 Control & Communication Design Guide

FLXN-SLD-001 2 1-2-2023 General Single Line Diagram

FLXN-SLD-002 0 1-2-2023 FLEXGrid+ Single Line Diagram

Related documents

Rev Date Description Made CKD APP

0 3-2-2023 First Revision DSL GRM

1 24-4-2023 Second Revision DSL GRM

VLAN
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https://flexible-energy.eu/


How do we start?

Electrified building

min
𝑃∗

𝐶𝑔𝑟𝑖𝑑 +𝑊𝑆𝑜𝐶 𝜀𝑆𝑜𝐶 2

2

𝐶𝑔𝑟𝑖𝑑 = න
0

𝑇

𝜆𝑏𝑢𝑦 . 𝑃𝑔𝑟𝑖𝑑
− − 𝜆𝑠𝑒𝑙𝑙 . 𝑃𝑔𝑟𝑖𝑑

+ . 𝑑𝑡

𝜀𝑆𝑜𝐶 = 𝑆𝑜𝐶𝑛𝐸𝑉 𝑡𝑑𝑒𝑝 − 𝑆𝑜𝐶𝑛𝐸𝑉, 𝑑𝑒𝑝
∀ 𝑛𝐸𝑉 = 1,… , 𝑁𝐸𝑉
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Approximation

min
𝑃∗

𝐶𝑔𝑟𝑖𝑑 +𝑊𝑆𝑜𝐶 𝜀𝑆𝑜𝐶 2

2

2.2 EMS algos

13

Settings Tamb

Market Data

PV prod

Loads

Sequential Decision Making

min
𝜋

𝔼 

𝑡=0

𝑇

𝒞 𝑆𝑎,𝑡 , 𝑃𝑎,𝑡
∗

𝑠. 𝑡. 𝑆𝑎,𝑡+1 = 𝑆𝑎,𝑡
𝑀 𝑆𝑎,𝑡 , 𝑃𝑎,𝑡

∗ ,𝑊𝑡+1|𝜃𝑎,𝑡

𝑃𝑎,𝑡
∗ = 𝑋𝑡

𝜋 𝑆𝑎,𝑡 ∈ 𝒫 ∀𝑎 ∈ 𝔸

𝑆𝑎,𝑡 ∈ 𝒮 ∀𝑎 ∈ 𝔸

EV av

EMS Dashboard

Linear 

Constraints



Battery degradation

03

What is the real impact of our actions?
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3 Battery 
degradation
▪ What happens to the batteries 

when we use them?

▪ Complex systems with multiple 
mechanisms at the same time.

▪ But how do we model this?

         

         



3.1 Battery degradation

▪ Every device 𝑎 has a model like this.

▪ Best case scenario 𝑺𝒂,𝒕
𝑴 . and 𝒚𝒂,𝒕 . are linear. → but reality is non-linear!

𝑺𝒂,𝒕+𝟏 = 𝑺𝒂,𝒕
𝑴 𝑺𝒂,𝒕,𝑷𝒂,𝒕

∗ ,𝑾𝒕+𝟏 𝜽𝒂,𝒕

𝒚𝒂,𝒕 = 𝒉 𝑺𝒂,𝒕,𝑷𝒂,𝒕
∗ |𝜽𝒂,𝒕

𝑷𝒂,𝒕
∗ 𝒚𝒂,𝒕

𝑾𝒕+𝟏



3.1 Battery degradation

▪ Every device 𝑎 has a model like this.

▪ Best case scenario 𝑺𝒂,𝒕
𝑴 . and 𝒚𝒂,𝒕 . are linear. → but reality is non-linear!

▪ Add a ageing sub-model.

𝑺𝒂,𝒕+𝟏 = 𝑺𝒂,𝒕
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∗

𝑷𝒂,𝒕
∗ 𝒚𝒂,𝒕

𝑾𝒕+𝟏



3.1 Battery degradation

▪ Every device 𝑎 has a model like this.

▪ Best case scenario 𝑺𝒂,𝒕
𝑴 . and 𝒚𝒂,𝒕 . are linear. → but reality is non-linear!

▪ Add a ageing sub-model.

𝑺𝒂,𝒕+𝟏 = 𝑺𝒂,𝒕
𝑴 𝑺𝒂,𝒕,𝑷𝒂,𝒕

∗ ,𝑾𝒕+𝟏 𝜽𝒂,𝒕
𝒚𝒂,𝒕 = 𝒉 𝑺𝒂,𝒕,𝑷𝒂,𝒕

∗ |𝜽𝒂,𝒕

𝜽𝒂,𝒕+𝟏 = 𝒈 𝑺𝒂,𝒕,𝑷𝒂,𝒕
∗

𝑷𝒂,𝒕
∗ 𝒚𝒂,𝒕

𝑾𝒕+𝟏

Empirical Data-driven Physics-based

Performance 

(𝑆𝑜𝐶𝑡, 𝑣𝑡)

Ageing

(𝑆𝑜𝐻)



3.1 Battery degradation
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Sequential Decision Making

min
𝜋

𝔼 

𝑡=0

𝑇

𝒞 𝑆𝑎,𝑡 , 𝑃𝑎,𝑡
∗

𝑠. 𝑡. 𝑆𝑎,𝑡+1 = 𝑆𝑎,𝑡
𝑀 𝑆𝑎,𝑡 , 𝑃𝑎,𝑡

∗ ,𝑊𝑡+1|𝜃𝑎,𝑡

𝑃𝑎,𝑡
∗ = 𝑋𝑡

𝜋 𝑆𝑎,𝑡 ∈ 𝒫 ∀𝑎 ∈ 𝔸

𝑆𝑎,𝑡 ∈ 𝒮 ∀𝑎 ∈ 𝔸

Empirical

ageing

Approximation

min
𝑃∗

𝐶𝑔𝑟𝑖𝑑 +𝑊𝑆𝑜𝐶 𝜀𝑆𝑜𝐶 2

2
+ 𝐶𝑙𝑜𝑠𝑠



Ongoing research

▪ Implementing Rolling Horizon Optimal Controllers with PBROM models (perf.& ageing)

▪ Identifying models online! 

▪ Developing physics-informed machine learning methods to gain speed and include 
uncertainty (dynamic adaptive policies).

▪ Improving the other devices and stacking services (FCR, mFFR, aFFR)
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Thank you!
▪

Dario Slaifstein

@DarioSlaifsteinSk

https://orcid.org/0000-0001-8654-2131
http://www.linkedin.com/in/darío-slaifstein-101a9476
https://github.com/DarioSlaifsteinSk
https://www.tudelft.nl/ewi/over-de-faculteit/afdelingen/electrical-sustainable-energy/dc-systems-energy-conversion-storage
https://www.linkedin.com/company/dce-s/
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