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EDF R&D : Créer de la valeur et préparer I’avenir

® Introduction : The Generation
Management Decision Chain

® Classical Problems
® New Problems

® Challenges for Optimization
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The Generation
Management Chain : context
and process

4
EDF R&D : Créer de la valeur et préparer I’avenir : : eDF



Generation Management

A
Supply Demand
| 59 nuclear power plants ;I;Eﬁss?ries with yearly, weekly and daily
_ Profiles consumers, network losses, EDF
50 classical thermal own consumption, sales
B Plants (coal, fuel, gas)
50 hydro valleys f - l \H i Al
Vo LA & [
2 MY LMY
Shedding Contracts
Purchases =~ Regulated Transactions
> (markets & producers) BN - cogeneration
=8 - Renewable (Wind, PV)
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Generation Management

Supply Uncertainties Load

On power plants On weather

Random outage process : -1°C = + 1500 MW

Shut-down duration T,Bmp.a.r re load

Level of nuclear fuel stock 1!‘ |
| l ‘ 1 , ' P ﬂ " | l'lillll I

- Renewables production On social events

On economic context

* Industrial activity

+ Customers behavior /competitors
- Exchanges with other countries
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The decision chain for an Electricity Producer

Supply-side uncertainties

G=D
Investment decisios Fuel supplies Stock management :
System flexibilities (H20, Nuclearl, E
large combustion :
Nuclear plants, etc.) Daily generation plans
maintenance :
scheduling THF, H2

maintenance

Long-term Medium-term ontrol and
20-50 years 1-5 years management
of market risks

Market
arbj

Load-
Load forecasts shedding,

Strategy for the use nominations
of load-sheds and
gas contracts

Structuring of
customer
contracts

Long-term

demand
Demand-side uncertainties

§
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What about our WIKI?

Electrical Energy Systems

Horizon/Problems:  Planning Production Management Metwork Management Maintenance Management Other Problems
Strategic « Generation E:(pansiun( « Long temn Unit Commitment (UC]J » Transmission and distibution « Power plants long term maintenanv « Long Temn electrcity bilatgral
(dismission) Planning | } network reinforcements « Transmission and Distribution contracts
= Metwork Expansion Planning = Enengy Storage Systemw network leng term maintenance
(MEF) siting and sizing
= Sman grids design
Tactical « Medium tem UC « Power plants medium tem { « Portfolio optimization and
« Medium tem hydro resenoirs manage maintenance derivatives intruments
« Transmission and Distribution
/ network medium temm maintenance
Operafional « Monopolist:short term UG « Dptimal Power Flow (OPF) « Combined gas and pow)
« Market: max profit short Term UG » Security Constrained UG optimization
« Energy markets [SCUC) J
« Balancing markets and non programmabile » M-k securty problems
(renewable) power coordination » Dptimal Transmission Switching
(OT3)

= Optimal Metwork Islanding
= Sman grds operations

https://info.zib.de/confluence/display/COSTTD1207/Main
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Energy Management — the traditionnal problems

(JComputing optimal schedules

for all generating plants
» Satisfying the equilibrium
between Generation and Demand
»Minimising generation costs
»Respecting all technical
constraints
»Dealing with Uncertainties

Some ‘classical’ optimisation
problems:

® Planning Nuclear Outages for
Refuelling

® Computing optimal strategies for
stock management

® Optimising hourly schedules the day
before (Unit Commitment)
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Midnight
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Peak
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,MWH Mid"'ght 2

Mid-Merit

2
Base-load

-
« Compulsory »
generation

Combustion Turbines
- Hydro (reservoirs)
H Thermal (oil, coal)

Nuclear

Hydro (run-of-river), purchase obligations
d’'achat (co-generation, windfarms, ...)

Merit order of generation means
Example of a high consumption on a winter day
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Historical Problems

4
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Strategic Planning Production Network | Maintenance Other Problems
Management Managem | Management
ent

Strategic Investment Simulate Prices Nuclear Long-term
(new plants) (fuels and elec) refulling contracts
planning

Tactical Reservoirs Maintenance of  Portfolio
Management other plants optimization
(not only Financial
hydro) Risk
UC Simulation Management

Operational Unit

Commitment

g
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Details are in appendix of this
presentation....

But it is not my purpose to (again) present

the historical optimization problems in
Energy Management

[
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New Problems

4
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Energy Management — recent evolutions
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® Strong increase of the share of
renewable generation ,
Intermittent and highly
unpredictable

® Regulatory evolutions

a Capacity mechanism,
a Balancing markets

® Communicating meters (Linky)

s Load « piloting »
a Local optimisations

New problems emerge
‘ The classical problems remain but
become more and more difficult
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What about our WIKI?

Electrical Energy Systems

Horizon/Problems:  planning Production Management

Strategic « Generation Expansion « Long temn Unit Commitment (LIC)
[dismission) Planning (GEP)
= Metwork Expansion Planning
[NEP)

Tactical « Medium tem UC J

« Medium tem hydro resenvoirs management

Operational « Monopolist:short term UG J

« Market: max profit short Term UG

« Energy markets

« Balancing markets and non progra
(renewable) power coordination

le

Network Management Maintenance Management

» Transmission and distibution .
network reinforcements .
= Enengy Storage System (EES)
siting and sizing
= Sman grids design

« Dptimal Power Flow (OPF)

» Security Constrained UG
[SCUC)

» M-k securty problems

» Dptimal Transmission Switching
(OT3)

= Optimal Metwork Islanding
= Sman grds operations

Power plants long term maintenance
Transmission and Distribution
network leng term maintenance

Power plants medium tem J

maintenance
Transmission and Distribution
network medium term maintenance

https://info.zib.de/confluence/display/COSTTD1207/Main
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Other Problems

Long Tem electricity bilateral
contracts

Portfolio optimization and
dervatives intruments

Combined gas and power
optimization

g
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Strategic

Strategic

Tactical

Operational

Planning

Production
Management

UC Simulation
in a new
context

Unit
Commitment
with renewable
Balancing
Markets?

Network
Managem
ent

‘Smart
Grids’,
design of
new
systems?

‘Smart
Grids’ =>
new
decisions

‘Smart
Grids’
operation

Maintenance
Management

Other Problems
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New Challenges - uncertainties

Strong increase of the share of renewable
generation : Wind power and Photovoltaic

Power :

» The unpredictability of the residual demand
facing the traditional maneuvering mix (the non
fatal part) increases

» The uncertainties of the models increase

Huge need of stochastic models, mainly on the short-term

[
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New Challenges - regulation

dRegulatory evolutions
» Balancing markets
» Capacity mechanism
» Local Actors

New problems to be modelled :
* New markets
*» Local Global Interactions
*» New local problems
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New Challenges - technologies

dCommunicating meters:
» Load Management increases

Optimising together generation and demand
*» New controls appear in the typical problems

IRLLT; T
min c¢pX + epY
xy =L D

s.t.
AX =dY +d°
X : commands on production FpX < fp
Y : commands on demand FpY < fp

Xpg,Yr € RVR
Xp,Yg € {0,1}VB
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® How does a consumer will choose his energy provider
(objective function : minimizing cost (or other....)

-
Electricity Y-
S:h QOther Producers,

4 Buyl T Sell \_
[ Providers/Traders ] |
Prices 3

Wholesale Producer

I
!

[ Customer ]

® This consumer may own generation means (wind farms...), or

have levers on its consumption....
m His problem becomes more difficult with UC, risk management....

Prices 1 Prices 2

EDF R&D : Créer de la valeur et préparer I’avenir ~C"~ eDF
N



® How to model ineteractions? How do prices are built?

-

Wholesale
Producer:

.

~

v

A/

| T

Customers

Local
Actor :

J

r

|

Local
Actor :

~

J

® Local actors may be different, independant, not independant...
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®Constraints related to different ‘levels’
- Centralised generation (nuclear, hydro, thermal....)

- Regional network
. Industrial consumption
. Wind power

- Local network
. Residential + pro consumtion

PManagement of load flexibilities =
-~ Move load from one timestep to another

- Decrease load at some timesteps

=> induce coupling constraints on the network

EDF R&D : Créer de la valeur et préparer I’avenir "( ~eDF
N



PMinimize generation cost

PMinimize network 'reinforcement

- Reinforcement cost (= future investment cost) depends on
the network structure
. High cost if the margin is low , low cost if big margin
. Demand sheddings' can lower the peak

— Criteria : able to absorb consumtion
. Max consumption at extreme temperature
. Max consumtion at normal temperature
. Max 'medium load curve'

P Maximize 'autoconsumption'

p
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. Local level — Cost = local network cost

(reinforcement)

- residential+pro consumtion
— Sun power

- Local storage

. Regional level - Cost = local network cost

(reinforcement)
— Agregated local consumptions + industrial
- Agregated local generations + wind power

. National level — Cost = generation cost

— Agregated regional consumtions
— Agregated local generations + centralised generation
- Centralised storage

p
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Appendix

HISTORICAL OPTIMIZATION
PROBLEMS IN GENERATION
MANAGEMENT

g
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Small focus on main
uncertainties

4
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Planning Nuclear
Outages

4
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Planning Nuclear Outages

Main Objective

Compute optimal schedules for outages (minimising costs) for
nuclear plants dealing with operationnal constraints and
seasonnality of the electricity demand

Qutline of the problem

58 plants, between 3 and 5 outages to plan for each plant, over a5
years period

Numerous operationnal constraints , mainly because of the human
resources and machines that are used during a refuelling or
maintenance

Costs :intrinsic cost of refuelling and replacing cost for energy (the
production of the stopped plant has to be replaced by coal of fuel
plants at a higher cost)

5
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Modelling

Costs :
= Nuclear Fuel cost ,
= Other fuel cost

Decision variables

- Outages dates = integer variables

« Amount of fuel at each refuelling = integer

- Energy produced by each plant at each time step of
each scenario = continuous/integer

Constraints
= Demand : coupling constraint

» technical constraints (constraints on the power level at end
of cycle, minimum and maximum power, minimum and maximum
levels on fuel stock, maximum number of hours « not at maximum

level »,... > non linear constraints

» constraints on the outages schedules: (early.late dates
for some outages, max number of outages at the same time,

constraints on ressources, coupling constraints between plants....)

= non linear constraints

The mathematical
problem

A weekly timestep
over 5 years

10000 integer
variables, 100000 real
variables, 1.7M
constraints
(deterministic
approach)

Stochastic problem,
strongly
combinatorial, non
linear, with coupling
constraints, to be
solved in a short
calculation time

q
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Constraints on stock
level, inducing non
linearities

Xmax(i,k) |
L Amax(i.k)

BO(i k)

outage(i k-1) outage(i k)

X(t) <Xmax(k) 0=x(t)sAmax(k)

Stock constraints : dynamics , bounds,

4
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Constraints on
production, inducing non
linearities

Pmax BO /

R e
SRS S
'y, ey Sy
NN x>BO
A QR
) W, I
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time

Modeling : introducing « state » variables
Discrete and continous variables are coupled...
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® Modelled as a recourse problem : Outage dates and refueling
guantities are recomputed monthly (with new hypothesis, mainly on
uncertainties) BUT results on the forthcoming month won’t be changed

2 k) k)lv(’['z S BE ){Z Cik - r(i k) i : nucl unit, j : other
BRDLIULRIPURWLPUEW) unit, t: timestep, w :
3 Y - . S A X . i3 . scenario

3 Z W(W)[Z C;’t P(J- k; w) dt Z C’ X(" T W)]} »>X(i; t; w) : Stock level

w Jit ik >p(i; t; w) : Production
St level

: . . w »>a(i; k) : Outage date
vt'-“"z:P(’-f-'W’)"'E:P(J-t-“") = Dy of uniti at cycle

i J »1 (i; K) : Refueling of
+ operating constraints of NPP and CTU units uniti at cycle k
heduling and i f NPP units | S259Y)
+ scheauling and ressource constraints on outages 0} units »C * cost
»D : demand

@ Variables a(i, k) and r(i, k) : Here and now variables,
independent of the scenarios

e Variables p(i, t,w) and p(j, t.w) : Wait and see or recourse
variables depending on the scenarios

g
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® Operational approaches

Price decompaosition : inter-

plants constraints are relaxed
» A « Coordinator » calculates the
schedule cost and « prices » (linear
programmig with continuous variables)
»Each sub-problem computes new
refuelling dates within a « timewindow»
(mixed integer linear programming)

—~ —
Prix ISchedule

RS —

\\____\\‘\

N of site s =

v

A local sub-problem for each site (between 2 and 6 nuclear
plants)

EDF R&D : Créer de la valeur et préparer I’avenir

Local Search (now

operational)

iterations between two modules :
»Optimize production knowing outage
dates (LP)

»Optimize outages —locally moving-
using marginal costs of the production
planning (MILP)

MILP frontal solving

But computation time...

EURO/ROADEF Challenge
solutions <=epF



New difficulties

®The challenge

m Taking uncertainties into account
» The stock level is not known exactly
»Demand is (still) very uncertain

sReoptimization and stability
»Dates will be re calculated every months (to take into account new datas)
» The outage dates of the forthcoming months must be stable

» The others (very far outage date, production level, some refuel level) may be
recourses

4
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Mid Term Generation
Management

4
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Mid-Term Generation Management

Context

0 to 200 stocks (hydraulic reservoirs, nuclear power, emission —CO2,
0X..., contracts : demand side managements, long-term fuel contracts)
00 to 10000 sceénarios

aily time-step over 2 to 3 years

L
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Mid-Term generation management . example of
hydro valley

v, =417.8hm’
Vv, =277.5hm’
Vi =1505m’

65Mw ; 72,5m3/s

om’/s

V. =15m
V, =1.0117m’
V. =0.96m’

35€/ MW,

22Mw ; 100m3/s

V. =4.38hm’
V, =1.84hm’
V. =0.88/m’

Moux
v, =35.120m

V, =34.38/m’
me = 33.27},‘”'3 12Mw ; 15m3/s

20Mw ; 120m3/s

2m' /s

V. =13.59/m’
v, =12.9hm’
V. =10.81/m’

i TMw: 6om3/s (Y
Om’ /s

V. =182hm
Vv, =18.1hm’

 ALLEMENT Vo =17.6m’

25€/ MW

14Mw ; 90m3/s

J
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Modelling of the problem

Calculate Bellman Values for each stock
of energy with :

& Constraints on volumes of stocks

¢ Constraints on the « power »,(min,
max...)

¢ Non-anticipativity constraint : only the
probabilistic distribution of uncertainties
can be used

¢ Coupling constraints on stocks (global
demand or flow constraints)

EDF R&D : Créer de la valeur et préparer I’avenir

Difficulties

+Objective function and
constraints may be
non-convex (head
effect, runnig
ranges...), hon
differentiable....

+Objective function is
non separable problem,

+Big size problem :big
number of stocks (up to
50) and scenarios (up
to 10000)

+«How to take uncertai
nties into account?

v
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Short-Term
Generation
Management

4
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Short-Term Generation Management

Satisfying the equilibrium between Generation and Demand

LJ
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Hydraulic :

" A hydro-Valley = set of
Interconnected power plants and
reservoirs

® ~20+ valleys, some composed of
more than 50 elements

® Cost = global loss of water (water
values)

" Numerous operational
constraints

Thermal:
® 58 nuclear + (very few) fuel /
coal plants + gaz plants

¥ Cost =fuel cost

®" Numerous operational
constraints

Difficulties
Half-hour time step, 2-days horizon, déterministic

mBetween 200 000 and 300 000
variables

m500 000 constraints, some of them
coupling plants

mnon convex, non linear, with mixed
variables

» Very strong requirements both on
optimality (gap of 1% = several
millions of euros per year) and
feasibility (all schedules have to be
technically feasible)

®A problem to solve in a very short
time (less than 10 min) due to the
constraints on the operational
process



Min Y ci(pj) > Minimize the production
iel cost
(P)s pj e Xj,Viel > Dynamic constraints
Ut
prebivt=12...T — Power and ancillary reserves

demand constraints

v production units set (thermal and hydraulic)

v T number of steps for the time horizon

v p production schedule of unit | at time step {

v pI (pI : pI veees piT) production vector of unit | through the time horizon
v p (p1 p2’ ., p‘ ) production vector of all units at time step {

v Xj local dyna anc constraints of unit |

v Dt global demand constraints at time step t (linking)

v G production cost of unit | through the time horizon
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The thermal sub-problem

® Bound constraints on the delivered power during several time intervals of the
time horizon

® Operating technical constraints:
a Minimal duration of production or halt
m Start-up and switch off curves
a Bound constraints on output variation
s Maximal number of start ups, output variations,
and deep output decrease per day

® The operating cost consists of:

Start-up costs (depending on the switch-off duration)

s Power proportional costs

s Output decrease costs

m Penalties for the maximal number of start ups, output variations,
and deep output decrease per day

4
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® A hydro valley = set of interconnected reservoirs and
power plants

or (VP =Vi')
® Cost = global loss of water

® Constraints
s Bound constraints
s Flow constraint :

Vrt :Vr'[—l_l_ ZTut—d(u,l’) _ ZTqu(r,u) ‘|‘O:

ueup(r) uedown(r)
a V{.7) volume of reservoir r at time step t
m I, Discharge of plant u at time step t
| o Inflows to reservoir r at time step t
B

d(u.r) Travel time of water between unit u and reservoir r
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Thank you for your attention

sandrine.charousset@edf.fr
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