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BS Introduction

N Demand side market power:

LG ]— Tlr==|fh - flexbility resources

(l_,EL,J | - combined oligopoly and
oligoposony markets

@Oqg

The ability of vertically
integrated players to exercise
market power is missing.

Vertical integration:

* between generator and
retailer

* impacts on market price,
market power, social
welfare and long-term
investment decisions

The effects of players
production constrains is
missing.

Demand side
market power

Capacity constrained

Cournot game:

» characteristics and
uniqueness

» effects of capacity
constrains on strategies

Capacity
constrained

Cournot
game

Vertical
integration

The implications within the
context of a double-sided
Cournot game and a double-
side player is missing.
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= Model setup
Assumptions

Market setting:
A wholesale electricity market, where the released production can be sold to a retail
market at a fixed price, a.
« Demand side: linear inverse demand curve, p = p(Q) = p, — fQ, where Q =
q — qr-
(q: electricity generation, q,: released generation, p: electricity market price, B: slope of the demand curve, py:
intercept of the demand curve)

« Supply side: linear cost generation

Player scenarios:
Players produce/consume homogenous products under capacity constraints to

maximize their profits.
* Integrated player: owns both traditional generation plants and flexible

demand
« Separated players: different players own traditional generation plants and

flexible demand separately
» To better model the market power level of market participants, we introduce the

conjectural variation (CV) approach.
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Model setup

Integrated player

max (c —p)q + (p — a)q,

Separated players

Producer:  max cq — pq

>tlo<q <x, _ Lap
1dp 1 0p B aq
pdq poq, Consumer: max pq, — aq,
st.0=<q, <X,
. 1 dp
r= o3,
B 0q,
q | electricity generation retailed hydrogen price, 0 < «
g, | released generation B | slope of the demand curve, 0 <
c | electricity generation cost, 0 < ¢ po | intercept of the demand curve, 0 < p,
p | electricity price X | production capacity, 0 < X
X, | released production capacity, 0 < X, 6,0, | CV parameters, € [0,1]
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(=)= Optimal strategies of integrated players

Case q qr Condition (KKT of ¢, or ¢,)
1 0 0 a<py<c
2 5o —¢) 0 a<c
0< ﬁ%(pg—c) <X (=py>c
3 0 ﬁ%(a m) | c>a
U<ﬁ%(a—pg)<Xr (= a > p)
4 X 0 X§ %(p()—() (:>p[)>()
X < ﬁ%(ﬁn a) (= po > a)
5 0 X, X < ﬁg( —po) (= ¢ > po)
X, < tig5(a—po) (= > p)
6 (free) q—rlgé(pg—() c=«
l<g< X
L9%(}00_()(‘:(}'<X +1+95(p0 ¢)
7 X X—ﬁ%(})g—&) a>c
950 — @) <X <X, + 15 5(p0 — @)
8 [ Xo+ g0 —o X, a>c
0< X+ b - < X
9 X X o >c
X<Xr+1—4l_9%(1)0—()
X> X, + 1550 —a)
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Optimal strategies of separated players

Case q qr | Condition (KKT of ¢, or q,)

1 0 0 a<py<c

2 i %(pn —c) 0 ce>a—0(py—a)
0< ﬁl.g%(p(l —c)<X (se<pm @) o < P0)

3 0 ﬁ%(ﬂ — o) e>a+0.(py—e)
0< H_;G%(a —po) <Xy (= a>py=c>p)

4 X 0 X < 1+9 B(pg—r;) (= ¢ < po)
X<3 (pu —a) (=a<p)

5 0 X, X, < ﬁ(c —po) (= ¢ > py)
X, < J—Qr%(ﬂ —po) (= a > pg)

6 m 5 (v —c+0.(py— ) m 3 (v — e —8(po — @) | Market power: —(6 =6, = 0) :
0< m%(n —c+b(pp—c)) <X (= a>c—0(p—c))
0< m%(a —c—f(py—a)) < X, (= c<a—0(p—a))

6 q (free) q— %(pg - a) Perfect competition: 0 =6, =0 :
=
O<g< X
50— ) <q< X+ 5(po — )

. . X - b e —a) {X;mﬁ( —ctbu(po — ) i ﬂz - z: - 3),. (= a>c—0nlpo—0))
0< 1+9 Xfu;ﬂé(pnf a) < gr:((xfﬁ(pnf(x))

8 rng'r + ﬁ%(m —c) X, {:;i 99r+9+9 B 5la—c—0(po — “)) ii _‘(g : g: : (()]), (= c<a—0(p—a))
O<1+9X +1+93(p0 )< X

9 X X, X < ma( —c+b.(pg—e)) if (0 =0, =0) (= a>c—0(p—c))
X, < ggar (@ —c—0(po —a)) il ~(0 =6, =0) (= ¢ < a—0(pg— )
X< 1+9X + 1+H,8(p0 c)
X, < 1+g X — 1+grﬁ(p0 ) (=X >4 (Pn —a))
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(=)= Optimal strategies of integrated and separated
players

Comparing the strategies of integrated player and separated players,
we found:

« If 8 =6, =0, the strategies of integrated and separated players
converge.

« For the integrated player, only net-generation matters.
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Outcomes focusing on Power-to-H, players

Conditions: c<a<po, c+po<2a (6 =6, = 1)

Region Conditions Optimal solutions
(Integrated N Separated) Integrated Separated
(4M4) XS%(?)(]—(Y) qg—=X qg—=X
qr =10 qr =0
(9N 4) %(I}O—(I)<X qg=X qg—X
X < é(]’»‘o — ) g, = X, qr =0
X, < X ﬁ(?’ﬂ x)
(7N4) 3P0 —a) <X q=X qg=X
X < ﬁ(;ﬂn ) G = X — %(fpn )] qr = 0
X, > X — ﬁ(?)ﬂ — )
(9N9) spo —a) <X qg=X g=X
X < %(;{)0 —¢) qy = X, q, — X,
X, < %X 2%(1)0 )
X, = 2X T,(P() rr)
(9N7) %(fpn—(y3<X qg—X qg—=X
X < %(a + po — 2¢) gr = X, @ = 5X ﬁ(gm )
X, > %X — 2%,»(300 — )
X, < X — ﬁ(pn — @)
(TN7) {]—i(m—(r){.X qg—=X qg—X
X < ﬁ(rr |l 70 2(:)) q, — X #(m, o) | q. = %X ﬁ(p(. )
X, > X ﬁ(?’ﬂ ¥
(8N8) X > %(pn — ) q—= X, + %(pn o) | g=3X, + ﬁ(p(, — )
X, < )1( — ﬁ (po — ) Gr = X, qr = X,
X, < E(Zy —pg — €)
(9N 8) X > ﬁ(pn—c) qg—X q = %X,.+ﬁ(pg—c)
X, < 2X %(7)0 ) Gr — X, qr = X,
Xy =X g5(po — 0
X, < %ﬁ (200 — po — ¢)
(9N 6) X > %(a + po — 2¢) qg—X q = %(af + po — 2¢)
X.>X ﬁ(?’)n —c) gr — X, qr = #(2(1 — po — €)
X, <X — ﬁ(?’n — )
X, > %(2(1 — P — )
(7TN6) X > ﬁ((r b po — 2¢) q—X q— ﬁ(rr Fpo — 2¢)
X, > X — ﬁ(?’(] — ) | g =X — %(gm —a) | q. = %(2(1 — P — €)
(8N6) X, < X — ﬁ(‘ﬂo —c) q = X, + %(pn — ) q = 55+ po — 2c)

X, > %(2(1 —py —€)

qr = X,

3
q, = %(2(1 —pg — €)
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i Outcomes focusing on Power-to-H, players

Xr

. _
E(Za-po-c)

(4.4)

Outcome regions (11 regions)

(7.,6)
(7,4) (7,7) (9,6)
(8,6)
(9,7)
9,8
N (9,9) (8.8)

2(p0-a) 3(p0-a) 55(P0-C) 35(0+p0-20) X
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(4.4)

Outcomes focusing on Power-to-H, players

When players have notably small production capacities,

Regions Prices Optimal solutions

Integrated N Separated Integrated | Separated
1
a<s@ota)<p =ps| =X q=X
and 2 7 gm0 | =0
(8,6)
(9,7)
9,8
9,9 (8,8)
4) 5.9 |

1 1
%(po-a) E(DO'G)

1 1
ﬁ(po-c) E(a+p0-2c)
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BS Outcomes focusing on Power-to-H, players
When players have relatively small production capacities,
Regions Prices Optimal solutions
Xr Integrated N Separated Integrated Separated
q=X
704 a <ps <p 1 g =
1 ar=X—ozPo—a)| ¢ =0
< E (po + (X) ﬂ
q=X q=X
on4 qr = X qgr =0
N—"
(8,6)
(9,7)
9,8
9,9 8,8
(o ©9) ©5)
%(W-q) i(po-c) i(a+p0-2c) X
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Outcomes focusing on Power-to-H, players

When players have moderate production capacities,

(4.4)

L _
E(Za-po-c)

(7,4)

4)

(9.7)

Regions Prices Optimal solutions
Integrated N Separated Integrated Separated
! =1X 1 ! =1X
7n7 1 4r=X—55(p0=a) | 4r=5X—35(po~a)
§(Po+a+c) <DPs
1 §=a 1 =1X
Spr<z +a
2y . 2(p0 ) qr = Xy Gr =5X —55(Po— )
2 2B
q=X q=X
9N9
qr = Xy qr = Xy

(9.6)

(8.6)

9,8

(9,9)

(8,8)

1 1
g(po-a) E(DO'G)

2

\-/l/(po-c) %(a+p0-2c)
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When players have relatively small consumption capacities,

Regions Prices Optimal solutions
“r Integrated N Separated Integrated Separated
1 1
918 : qqu q:EXr‘l'ﬁ(pO_c)
@ <ps <p; S5 (Po+a) 7 ar = X,
1 1 1
818 4=Xr +55Po=0) 14 = 35X +55 P~ )
qr = Ar qr = Xy
(4.4) | (7,4) (7,7) (9,6)
(8,6)
%(Za-po-c) _ (9,7) \
9,8 m
9,9 8,8
) (9,9) (8.8)

55(PO-a)  +(p0-0) 55(P0-C) 35(0+p0-2¢) ~— X
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Outcomes focusing on Power-to-H, players

When players have large production and consumption capacities,

Regions Prices Optimal solutions
Integrated N Separated Integrated Separated
1 1
—(po+a+c)=ps <py q=X q =350+ a—2c)
=X—=—={@po—«a
=0+ TR T Y e =55 @a—p - o)
1( +0) < <1( +a) q=i(p +a—2c)
9In6 AR C e G =X i
=X
ps =5 o ta+c) = qr=§(2a—po—0)
1( ) 1 ! (po + 2¢)
> o +¢) =pr <ps = —(py—c) |1 T 3gPoTdTC
8N6 2 q XT+2B(p0 C) Bﬂ

1
=§(Po+a+0)

qQr = Xr

1
qr =55 (2a —py —¢)

e
©

(8.6)

8)

N’

1 1
 Z(p0-0) (p0-0)

1 1
%(po-c) E(a+p0-2c)
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CRSI

Xr

1
ﬁ(Zd-pO-C)

1 1 1 1
i(po-a) E(po-a) E(po-c) ﬁ(a+p0-2c) X
< B
Integrated player = Separated player
> - Page 15
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In summary,

« Without market power, the market outcomes in the case of integrated
player and separated players are equal.

* Production, released production level and total profits in the integrated
player case are larger than in the separated players’ case.

» Whether the social welfare in the case of the integrated player is greater
than that in the separated players is ambiguous.
— Not only the technology configuration but also the proportional scale of different
technologies employed by the players play an important role in energy industrial
design.

Work not covered in the talk:
» Effects of increased market power levels on players’ behaviours
 Nash-Cournot game vs Stackelberg game
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Martin Densing
martin.densing@psi.ch

Energy Economics Group, Paul Scherrer Institute (PSI)
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Modeled Swiss Day-ahead electricity market prices in
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Integrated player: owns both traditional generation
plants and P2X plants

Separated players: different players own traditional
generation plants and P2X plants separately
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* Should i change the title to :Comparison of integrated and separated production
and consumption players in Nash-Cournot equilibrium under capacity constraints
e Change to a better figure

Page 19



	Standardabschnitt
	Slide 1: Market equilibria of prosumers under market power: Analysis of combined oligopoly and oligopsony in electricity markets
	Slide 2: Introduction
	Slide 3: Model setup Assumptions
	Slide 4: Model setup
	Slide 5: Optimal strategies of integrated players
	Slide 6: Optimal strategies of separated players
	Slide 7: Optimal strategies of integrated and separated players
	Slide 8: Outcomes focusing on Power-to-H2 players Conditions: c<α<p0, c+p0<2α (theta equals theta sub r equals 1)
	Slide 9: Outcomes focusing on Power-to-H2 players Outcome regions (11 regions)
	Slide 10: Outcomes focusing on Power-to-H2 players 
	Slide 11: Outcomes focusing on Power-to-H2 players 
	Slide 12: Outcomes focusing on Power-to-H2 players 
	Slide 13: Outcomes focusing on Power-to-H2 players 
	Slide 14: Outcomes focusing on Power-to-H2 players 
	Slide 15: Social welfare 
	Slide 16: Conclusions
	Slide 17
	Slide 18: Numerical results when many large-scale P2X facilities join the markets  
	Slide 19


