w—)
]
=

Wastewater Treatment and
Energy Flexibility, CITIES
and Kolding WWTP

i

Henrik Madsen and Rasmus Halvgaard, DTU Compute
http://www.henrikmadsen.org
http://www.smart-cities-centre.org
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Energy Systems Integration 1

i

Energy system integration (ESI) = the process of optimizing energy
systems across multiple pathways and scales

Single Building

Community, City R %a

Region, Country

Data Pathway: Information and
communication technologies allow a
better understanding and control of
systems by linking sensor data from
multiple locations to control centers.

Q CITIES
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Intelligent Integration and CITIES

Center for IT-Intelligent Energy Systems (CITIES) is establishing ICT
solutions for design and operation of integrated electrical, thermal,
fuel pathways at all scales.

CITIES is the largest Smart Cities and ESI research project in Denmark
— see http://lwww.smart-cities-centre.org .

Geographical Scale

Complexity

/ Ce t re fo. IT Inte II igent Energy Systems Platform for Smart Enel‘gy, FEbr- 2016
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Optimization in ES-0OS

Balancing
Market

Diract Control
(DC)

#
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Aggregator Indirect Control i
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WET Forecasts
Local Data

(a)
Sub Aggregator
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Advanced
Controller

In New Wiley Book: Control of Electric Loads
in Future Electric Energy Systems, 2015
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Day Ahead:

Stoch. Programming based on eg. Scenarios

Cost: Related to the market (one or two
levels)

Direct Control:

Actuator: Power

Two-way communication

Models for DERs are needed

Constraints for the DERs (calls for state est.)
Contracts are complicated

Indirect Control:

Actuator: Price

Cost: E-MPC at low (DER) level, One-way
communication

Models for DERs are not needed

Simple 'contracts'

Platform for Smart Energy, Febr. 2016
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Direct vs Indirect Control =

Table 3 - Difference between direct (DC) and indirect (IC) control.

Level Direct Control (DC) Indirect Control (IC)
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Grey-box Modelling and
Virtual Storage Principles

I
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@ Grey-box modelling is an essential tool for implementing energy flexible
solutions

@ (Virtual) storage principles:
— Buildings (thermal mass) can provide storage up to, say, 5-12 hours ahead
— District heating/cooling systems can provide storage up to 1-3 days ahead
— Gas systems can provide seasonal storage

> CITIES
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Price-based Control of
Power Load
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Price-based Control of

Consumption
references
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Power Load

Model parameters

|

b CITIES
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Case study

Control of Wastewater
Treatment Plants
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Waste-2-Energy =
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Kolding WWTP
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DTU
Energy Flexibility in ==
Wastewater Treatment

¥ Sludge -> Biogas -> Gas turbine ->Electricity
Power management of the aeration process

L

¥ Pumps and storage in sewer system

Overall goals:
Cost reduction
Minimize effluent concentration
Minimize overflow risk

b CITIES

Centre for IT Intelligent Energy Systems Platform for Smart Energy, Febr. 2016



DTU

Energy Flexibility in =
Wastewater Treatment

> CITIES
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Centre for IT Intelligent Energy Systems

Sensor filtering and time delay

CTSM-R
Model parameter estimation

Closed loop prediction

Platform for Smart Energy, Febr. 2016
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WWTP Control goal

SR T T
Minimize pre® " SN + Pespor!
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Activated Sludge Model (ASM) No. 1 >
o
: _ _ 1
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XgaA = p3 — baXg.a
SND = ps — kaSnpXB.H
Xnp = (ixg — fpixp)(buXs.H + baXg.A) — ps
(S1, Xi, Xp, and Spk)



w—)
-
:

Reaction Rates in ASM No. 1 g
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Aeration Control e
o
4i | i ‘i I‘; LI | | . NHout
3ry i .i ; : f H ) . NHout lowpass t=5h[]

NH [mg/l]

O2 [ma/l]

4 J T L T T T
3 ___:, :_,\ﬁ\ I r FrTrmnnrmrn HiRINER T 1]
E 2 w"'ﬁ\_ u Y Fa | . L x,.r[_..u'“\'r '_‘—'\_,_\ J.v"/"‘\‘ll.-x }\\"\m
GD: U ~UELH ] r L] !
| i AR
o | | l | |
0 10 20 30 40 50 60 70 80

> CITIES

~ Centre for IT Intelligent Energy Systems Platform for Smart Energy, Febr. 2016



)

TU
Sewer System Control Goal
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Sewer System Annual Elspot Savings g
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Some Energy Flexibility
Sub-Projects in CITIES
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Energy Flexibility
Some Demo Projects in CITIES

@ Control of WWTP (ED, Kruger, ..)

@ Heat pumps (Grundfos, ENFOR, ..)

@ Supermarket cooling (Danfoss, Tl, ..)
@ Summerhouses (DC, Nyfors, ..)

@ Green Houses (NeoGrid, ENFOR, ....)
@ CHP (Dong Energy, EnergiFyn, ...)

@ |ndustrial production

@ VE (charging)

1 CITIES
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CITIES

Centre for IT-Intelligent Energy Systems in cities

Demo projects  Software solutions | Work Packages | Partners Events | Communications = Publications | Vacant positions = Contacts

CITIES

Software solutions

Software for combined physical and statistical modelling

Continuous Time Stochastic Modelling (CTSM) is a software package for modelling and
simulation of combined physical and statistical models. You find a technical description Latest news
and the software at CTSM.info. A boecndon b ouise Bane

lespersen visited CITIES, October
29th 2015

Software for Model Predictive Control

CITIES Korean International
Workshop - KIER, Daejeon,

HPMPC is a toolbox for High-Performance implementation of solvers for Model Predictive Korea, October 22nd 2015

Control (MPC). It contains routines for fast solution of MPC and MHE (Moving Horizon

Estimation) problems on embedded hardware. The software is available at GitHub. Yeciesiap onMaemEros|

Sciences Collaboration in Energy

Systems Integration - DTU,

b CITIES
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H2020 SmartNet - Flexi

Demand response

Industrial

Core industrial processes with flexibility

bility Models

DTU

o
o
o

electrolysis,cement and paper mills, electric arc furnaces, ...

Auxiliary processes

lighting, electrical engines, compressed air, pumps, IT

HWVAC heating, cocling, ventilatien, air conditioning

AllfGeneral

HVAC heating, cocling, ventilation, airconditioning
Commercial

AllfGeneral

HwvAaC

Residential

heating, cocling, ventilation, airconditioning

Household appliances

dishwashers, washing machines,...

AllfGeneral

Power to heat

Direct resistance heating

Electric heat pump

Other

AllfGeneral

Distributed generation

Biogas power plants

CHP

Micro-CHP (Residential)

District Heating CHP

Industrial CHP

AllfGeneral

Active Power Control of
Renewable Energy

Wind turbines

Solar PW

Other

Fuel cells

Emergency backup systems

AII}'Gen_eraI

Distributed storage

Pumped hydro storage

Compressed air energy
storage

Flywheels

Batteries

Li-ion, Redox flow, Lead acid, Nas

Power to gas

General

Electric ve hicles

V2G (Vehicle to grid)

G2V (Grid to wehicle)
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International Alliances
on Energy Systems
Integration
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News (DTU Compute is leading):
ESI Joint Program in EERA

I
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Foster a Global Community www.iiesi.org

:; International Institute”
. ' for Energy Systems
Integratlon

Objectives |
. ’ /|| * Share ESI knowledge and Experience |
| Aglobal community of scholarsand |/ | « Coordination of R&D activities
| practitioners from leading institutes | | * Education and Training Resources | &f
| engaged in efforts to enable highly Recent Activities mr 4
integrated, flexible, clean, and = ;Eii = 'FEEE P&Eisi“‘" on ESI?SI Ty,
. - = FOUr Worksnops on -
< SHIEEnEEHETE Y yStenb )\ 2015-Esi101and 103 Cotr s

g R E L ';rtm:m‘t EPE' ELECTRIC POWER

RESEARCH INSTITUTE
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Thanks for your attention!

For more information:

|
" ITIES
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