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What is a District Heating Network?
District Heating Network (DHN): A large-scale network of insulated pipes,

⋄ connecting various entities and ancillary devices,
⋄ to distribute heating and cooling energy
⋄ between producers, storage systems, and consumers
⋄ through the circulation of thermal fluids.

Rotterdam DHN supplied with industrial waste heat DHN & connected entities

DHN has dynamic behavior and thermal inertial, exhibiting thermal storage effects
and behaviors.
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Future District Heating Networks: Opportunities & Challenges

Trend in the developments of DHN: Generation 4+
– Connection of numerous new entities & urge of decentralization
– Major improvement in energy efficiency & need of smart energy management schemes
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Smart Energy Management Schemes for Future District Heating Networks
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Objective: Designing a smart energy management system for DHN with
– support for bidirectional heating and cooling supply
– integration of multiple decentralized district heating and cooling generation
– maximum efficiency by minimizing thermal losses via tight demand tracking
– establishing the foundation for a thermal energy market
– modular expansion capability
– ...

Solution:
Advanced Model Predictive Control (MPC)

Suitable model
Suitable optimization heuristic and solver
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Modeling & Control for District Heating Networks

What is the model of a DHN as a controlled dynamical system?

Based on the one-dimensional incompressible Euler equations, each pipe in the DHN
is represented by a nonlinear PDE as

Momentum: J ∂tq + ∂xp + 8Kρ

π2d5 |q|q = 0,

Advection: Φ ∂tT + q ∂xT + 4UΦ
ρcpd

(T − Ta) = 0,

where
p denotes the flow pressure,
q indicates the flow rate, and,
T is the flow temperature

The dynamics of heat-exchangers, heat-pumps, and thermal storages are similarly
governed by PDEs of thermodynamics.

The distribution network dynamics are
infinite-dimensional equations (PDEs)
a large-scale system of coupled equations (network)
highly nonlinear in nature (friction & cross terms)
separation across multiple time scales (thermal vs. hydraulics)
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Modeling & Control for District Heating Networks

The distribution network dynamics are
infinite-dimensional equations (PDEs)
a large-scale system of coupled equations (network)
highly nonlinear in nature (friction & cross terms)
separation across multiple time scales (thermal vs. hydraulics)

The main challenges:
modeling-for-control?
tractable MPC formulation?

We provide detailed solution to these issues in
M. Sibeijn, S. Ahmed, M. Khosravi, and T. Keviczky, “Economic Nonlinear Model Predictive Control
of Prosumer District Heating Networks”, IEEE TCST, 2025 (to appear).
M. Sibeijn, M. Khosravi, and T. Keviczky, “Mitigating short-sightedness of MPC for district heating
networks using dual dynamic programming”, CDC 2024.
M. Sibeijn, S. Ahmed, M. Khosravi, and T. Keviczky, “Dissipativity analysis for economic nonlinear
MPC of district heating networks”, ECC 2024.
... and several other ongoing works ...

But, what is the outline of approach?
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DHN Modeling Sketch

Modeling highlights:
– simplification via algebraic graph theory
– application of spatial discretization (thermal nodes)
– flow dynamics vs. thermal dynamics: fast & slow
– constant altitude differences (Netherlands, Denmark, ...)

𝑖
𝑞௜𝑥௜ିଵ 𝑞௜𝑥௜

𝛼௜𝑥௜ 𝑤௜

\ The thermal network model:

V ẋ(t) = A(q(t))x(t) + Bpep(t) + Bded(t),
y(t) = Cx(t),

x(t) ∈ Rn, q(t) ∈ Rne , ep(t) ∈ Rnu ,
ed(t) ∈ Rnd , y(t) ∈ Rny .

r The main hydraulic constraints
are

q(t) = F ⊤qf (t)

qijqji = 0, if (i, j) ∈ E ∩ −E

F R (q(t) ⊙ q(t)) ≤ F H

We have a systematic approach for modeling DHNs with adaptable resolution
Infinite-dimension and time-scale separation issues are resolved
Highly accurate discretizations lead to large dimensions n

Dynamics remain nonlinear (bilinear)
Model formulation allows multiple producer and producer configurations
Kirchoff’s loop constraints are convexified, although bidirectional constraints remain
nonconvex
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Economic MPC Formulation for DHNs

Discrete-time Optimal Control Problem

VN (x(k)) = min
xt,ut

N∑
t=0

ℓt(xt, ut)

s.t. xt+1 = ϕ(xt, ut) :=
{

xth
t+1 = f(xth

t , xj
t , qt, ep,t, ed,t)

0 = g(xth
t , xj

t , qt, ep,t, ed,t)
(DAE)

xt ∈ Xt

ut ∈ Ut ⊃

qt = F ⊤qf,t (Ind. flows)
qij

t qji
t = 0, if (i, j) ∈ E ∩ −E (Bid. flows)

F R (qt ⊙ qt) ≤ F H (K’hoff)
t = {0, . . . , N − 1}
x0 = x(k)

(DT-OCP)

Difference Algebraic Equations via Euler backward method
Addressing MPC shortsightedness with value function approximation
Enhancing MPC tractability through warm-starting and convexification
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Numerical Experiment Results – Cost vs. Constraint Violation

Control policies:
– RBC: Rule-Based Control
– SP-MPC: Single-Producer + MPC
– MP-MPC: Multi-Producer + MPC
– SPS-MPC: Single-Producer model with Storage + MPC
– MPS-MPC: Multi-Producer model with Storage + MPC

= Producer

= Consumer

= Storage

AROMA DHN Benchmark

Cost versus average temperature violation;
sufficient pumping capacity.

Cost versus demand violation; active pumping
constraints.
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Modeling & Control for District Heating Networks

Future Directions & Ongoing Research Works
Improving value function approximation for DHN MPCs
Optimal sensor placement and sensor scheduling for DHN state estimation &
monitoring
Distributed coordination for distributed DHN MPC
DHN integration with electricity grids
Security, safety, and privacy
...

Mohammad Khosravi

Mohammad.Khosravi@tudelft.nl
https://www.dcsc.tudelft.nl/∼mohammadkhosravi/
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