F4RPBIREES ORI D L2023
BIRKEBEAICRFE-BAHEHE]

2050CNHIEZERKICAITT-BIRAEEADENTIE~ADEE ZaL— 3y

Simulation of the Impact on the Electricity Market from the Massive Introduction

of Renewable Energy Toward the Achievement of the 2050 CN Targets

REBREZXRER BFFURRE
BEARIRILI—EEFHEE
s 7E Bl 22
ok fie
Zhang.Tuo.8p@Kyoto-u.ac.jp

YDED



H R

M1 E=EHM

2 xEEEETIL
13 PyPSA-Japan 2050 > 71)A D& 5E
14 2alb—avaniEaR
J5 fER M FEoNT-RIE




December 14, 2023 3

=|I:.§
= 5T
\Y 4 =
PRI TRIILX—EE= (1973-2020)
(EJ) cDP (J .. 20152 )
18 - tofp o0 - 600
15 - || [ - 500
| msme
12 Tl - 400
| ean
- il s
Jonenr
3 ‘ | e
N I
19731975 1980 1985 1990 1995 2000 2005 2010 2015

HE ERIRILEF—TIHREIRIILT—#HE). NEFTERBFTEIZEICER



December 14, 2023 4

=[N
B R
== A 4 = i == )
= I HES=ECOHEH = (1990-2021
6.00E+08 1.40E+09
5 00E+08 1.20E+09
1.00E+09
4.00E+08
8.00E+08
3.00E+08
6.00E+08
2.00E+08
4.00E+08
0.00E+00
O 1 AN N < 1D O N0 OO O AN N < 1N O N OO O I AN D < 1N O N0 O O
A OO OO OO OO OO OO OO O O) O O O O OO OO0 0 O ™ o oA o «+d o =+ o = =+ N
A OO O OO O O O OO OO O O O OO O O O O O O 0O o o oo oo o o o o o o o
™ = = ™ A A AN AN AN AN AN AN AN AN AN AN AN AN N NN NN NN NN
B Public Power Generation(t) = —==Energy-related CO2(t)




December 14, 2023

5

2050CN>F U A ICHITHBIEEDOR EANENREFZZIEMEE S

= (1]

E e E TR
913TWh, 27%(2020) vs 132TWh, 63%(2050)

MPABNENFTE
14000
12000 //// 1973
T 1:232 173 / haud E AR
= [ et REEERFY
@ 6000 T i
4000 m A ERPY
2000
0
2020 2050

di 3. IPCC I Sixth Assessment Report]. &4 HHH
FT TR R RAEDT=OIZEILICESREEIMNIZEIT/ER

MZEERE - EEDEMMAEHTIEEEHEHEIZE X

B/ %81
/a3

mill
1l

=58
g

. -

\KYOTO C2 JAPAN
(\
<

ONDED




2 xmBEEmETIL




The Optimal Dispatching Model

- Nonlinear relationships among the
essential factors at high spatial and
temporal resolutions:

- Transmission Congestion, Fuel Cost Fluctuation,
Installed Capacity, Ramp-up/Down, Renewable
Output Variability, Demand Fluctuation VR . @ DISTRIBUTION

BUSINESS COMNSUMERS

- Widely used for energy planning:
- Komiyama & Fuijii, 2019: EMF35 JMIP | >/ | el

- ZE I & FHE, 2020: TIMES model |
. Mk £ %, LB A et al. ,2021: PROMOD
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The Optimal Dispatching Model:

Cost Minimization under Constraints

* The Transmission System Operator (TSO)’s Problem:
« To minimize the generation cost through optimal dispatch in
order to meet the demand
 Mathematical Form:

T n
min Total Cost = Z Z costs of individual dispatchable plants
{Outputs of dispatchable Plants i} t=1 i=1
(
Z Demand,, = Z Supply,, for Node 1 (1)

subject to < Z flow; < Tranmission Capacity, for each brancht  (2)

\ Other Constraints...
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Lagrange multipliers methods & Kuhn-Tucker Conditions

min TC — Z Z costs of individual dispatchable plants

{Outputs of dispatchable Plants i} i—

.
Z Demand,, = Z Supply.,, for Node i (1)
subject to < Z flow; < Tranmission Capacity, for each brancht  (2) ,@

\ Other Constraints...

(1) is Equality Constraint; (2) is Inequality Constraint
The existence and the uniqueness of the solution are ensured by the

marginal utility assumptions for the demand functlons




Shadow Energy Price:
Locational Marginal Price(LMP)

LMP is defined as the least cost to service the next increment of demand at
that location consistent with all power system operating constraints(Fu & Li,

2006). » 0Cost (Q,,...)
LMP,, = ’
' 0Q

LMP could be decomposed into three components, including the system
energy price, the transmission congestion price, and the cost of marginal

losses.

LMP is comparable with the wholesale price in the electricity market
The wholesale price equals the highest marginal cost of the generators at serving

System Transmission Cost of

Energy + Congestion + Marginal
o Price

Cost Losses




The Shadow Prices:A and u

A is the shadow price of an incremental amount of supply.

Known as the “Locational Marginal Price” or “Nodal Price”: the least cost to service the next
increment of demand at that location consistent with all power system operating constraints

A could be zero, positive or even negative.
“Nodal Price” vs “Zonal Price”: The economic scarcity of the transmission capacity within
the “zone”
u is the shadow price of the transmission
Inequality Constraints and the complimentary slackness

If the inequality is not bunding, which means that there are still room for increase the power
flow in this branch, then u=0(no economic scarcity

Otherwise, u >0
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