
Multi-period problems



Multi-period optimisation problems
• Type of problems


– Periodic

• same environment, same requirement but independent

• defined by :


– conditions(p), requirement(p) for duration(p)

» ex. typical days, day/night, summer/winter


• optimal operating conditions for each period

• storage is not considered


– Operation horizon

• defined by :


– conditions(t), requirement(t) @ time(t)

» ex. daily profiles, batch processes recipe


• Scheduling : when to produce what, where

• Optimal management inc. storage




Problem definition
• Industrial site

Existing steam network

	 Import export

	 Boilers

	 Turbines

5 process sections



Process Requirements
• 5 processes : 

P5	 Heating : 12578 kW

	 Cooling : 0 kW

P1	Heating : 	0. kW

	 Cooling :	3562 kW

P2	Heating :	25932 kW

	 Cooling :	 0. kW

P3	Heating : 	0. kW

	 Cooling :	5491 kW

P4	Heating :	 0 kW

	 Cooling :	24629 kW

SITE reference

	 Heating :	22560 kW


(38510 kW)

	 Cooling :	17732 kW


(33682 kW)



Total site composite

Integrated SITE

Heating : 	9565 kW (22560 kW)

Cooling : 	4050 kW (17732 kW)

Refrigeration :	 686 kW



t(day)

Production levels variations

Market conditions

Productions shifts

Batch

Efficiency variations

Maintenance

Cleaning procedures



Multi-period principle
• Process annual operation defined by a set of 

operating periods

– Limited number of sets : np


– For each set we have to define the operating 
conditions of utility system


• Definition of operating period p

– Lj,p : production levels or conditions for process j


– tp : operating time (h/years) : probability of 
appearance over the lifetime of the installation


• Assume no heat storage

– Sequence of operations not constraining



Load scenarios calculation
np=5

nt=8760

nj=10

q5,t

q4,t

q3,t

q2,t

q1,t

Same j



Load scenario model
• Problem characteristics


– Discontinuous

– Non-linear

– Multi-modal


• Solved by a Evolutionary Algorithm

– Easy implementation

– Robustness

– Multi-objectives


• Validity for each process

• Trade-off


– Number of representing levels

– Individual errors

– Overall error


– ? Computation time



Alternative



Multi-period levels

endothermic

exothermic



Multi-period model principle

List_A
Time = 8000 h/years

List_stopped
Time = 500 h/years

List_min
Time = 1 h

List_max
Time=1h

 y1i fmin1 < f1i < y1i Fmax1  y2i fmin2 < f2i < y2i Fmax2  y3i fmin3 < f3i < y3i Fmax3  y4i fmin4 < f4i < y4i Fmax4

Objective function = Σi  yi  (Invi(fsizei)) +  Σi   Σt fti * Ct1 * Timet

fsizei >  fti     ∀ t yi >  yti     ∀ t
Utility i

Use in period t : yit
Flow in period t : fit



Multi-period problem

Only s (size => investment) and y (investment 
decisions) are shared between periods

Generic formulation

xt  x



Decision

For each period

Multi-period MILP problem formulation

Heat Cascade

Electricity Consumption Production

Size

Operating cost

Linearised investment

Part load operation

( )

Gas turbines

Combustion

Steam network …

∀p



Application
• 5 Processes (60 streams)

• 10 operation levels

• 4 Gas turbines

• Refrigeration system

• Steam network

• Heat pump


• MILP problem characteristics

– 1900 constraints

– 1600 variables

– 50 decision variables



Part load optimal operation target


