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L REN
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)ﬁilz?%, value-zonal-redispatch-balancing RIMBLIHR N X EIRE, 56 4 ZWAATRL. FéRiEaE
IWSHERE, 587 BUH XHRERNBEIREEL ARG,

Se T LA B TE25 78 SR 7 N RI I T 2 B0 R SR S Rl e, FFBR G UL . 3 CTRIfERE.
value-perfect-foresight-lp FIEFR, LR MAKREL(EINES 8 B, X RN 4G AR TR EMRIAR
NS AT K AT,
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e S EEINF

—IRIHE AR, EILFED, FHEBERMBESEILFRME, native initial state RIEHLIHRK,
REPD IfiH. AT, HRFAMFIMIX YRS initial_state, AT HATOR, HIX, HRER,
(ERERER AR, WASEa; MXHBEARR, IESHRIHOaE, $ 2 BhatifmATR, BUERY]
ga e,

BRAUEEAEEMAITE, BisfTefmls, REER N —E15E~5IERE,
AnnualModelOrchestratorv2. run 1% NP ABER; SUIHRIAR, WHAESIDFRSFEHN E
TRIT.

152 HRA% A RS PR B

1 T [ T 2 R planning. advancgiyear ERK 6
advanced.operating state

SRER, K HHARSNE  psn input factory %

2 , 2. 3
M model_input
3 BB IFCRIB TR psm. run 242 market 4, 5. 7. 8
HRYEFRR, W R EREAE A &I ‘
4 } X policy.evaluate 4% headroom 6
HY 23]
3 8
BB TS R A MR AT adapt _market for investment %<
> 2% kP, investment.decide A% 6
decision.proposals
s . - 1 ing. it ject
6 FEI IS MR A R PLanning.admit projects Ak 6
admission
7 PATH = Han, IBEMIEEH  transition.apply 4 next state 6

PERERTHAN I S5 A MR E D A EfT. EEIBITESNSTHEARERENR,; E—FEHEEMNE
FINKHT T —ERES MR, 4. 5 ERHEFIE. R, BBCE, BEYRRGIEEL
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FEERGHARIIIIA BRASIH, EFREIWHIR g i s R O IR R, AR AR BT BN
BRBITRAR; XA, SERMERE T R R R, 55 6 A HURIUAA, PURFRN, Hi%
I, IR G BRI O A,
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Tk, REHAKRAL HAH, MK, RANT
MINTTTZ

RO29 Ei &, %A 2022 EF3Rk 5 2020-2024
FERR

2EEA. PXFK, BESE. EESSH
iSuLTS

2025-2026 fEAF5E, & 588 17,520 I E%
SERD 48 BPEYERS]; AR RGN L T ¢

AR S ENIER, BAREA manifest. json NEMAGIETE XM, JFHASIA. BAKL
I A HER, FERYIH R029 SKAFIEATA TR AR L &,
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KRR, R IM
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actual_mw.csv i) demand_mw;

forecast mw.csv iy forecast mw

fleet.json, £ operating state

repd projects normalized.csv.
regional technology success

rates.csv., planning timelines.json

calendar _mean solar 2020 2024.nc.

calendar mean wind 2020 2024.nc

Sa.CSV, wa.CSV, we.Csv
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LY NN FRB R T B HHERE

capital costs.json.

B SBUR model parameters.json., mechansim BTIA, W95 S HBERS
cost.xlsx

AN #%IE flow mw, price gbp per mwh HERE ] H R g 5 AN IR T

531X 2% XI, ERER. 5. GEEMUR, XK 73 R BET E RN AL 2 R

IR P 5 AL

IBITEETE 365 H UTC HII LS 17,520 /NN, SBEHIM 1 A 1 H 00:00 48, 2 A& 28 H, &
FEREDMW FRoR, fifGEHE D MWh R, SFI0L GBP 2R, HMT L GBP/MWh #IR,

period start utc NI BERfE H DA,

TR LA MW DIRE A, BRIA2EFEIEH kernel inputs HF read role BUSHY MW EEE S
run_simulation; Z}RTEXSALEZIEIL canonical psm data FY build chronology f4i&E R BR L&, HA
series["demand.real"].values, series["demand.forecast"].values 17fi& MW, demand, forecast demand
7 MWHINEL, X MBITHIRRIN B S ¢,

demand|[t|] = series[demand.real|. values[t] x period_hours,
forecast_demand[t] = series|demand.forecast|. values[t] X period_hours,
period_hours = 0.5 h, periods = 365 x 24 x 2 = 17,520.

REFKREEN demand F I 2. P TRELAYFE KFH DL MWh/ARESEAROR,  SERR AR TR B/ N
53 MW, BX5FEY/D, VALUE 101 7440 mwh B9FIHE NG RIRE, XEHE 0L i Mmw
2 MWh XR2IFEATE,

FIERE. RRESEFENTT

ISP A G A AR 2 RSk To read series TF csv_header=true B2 csv column, B RIZFIED
FTTAISREIREUE, SFA SRS SIS ES K IE AN, BIEYERRIR /D = DNESEY
BRES KN —, NEREAFIAZI%,

FLABN L HIHEWTARIE SN, FEBERY csv_header 1150, ERBH R, BHITE20E N ES BT H
FraE= BTk SN AREER, B TIE RSk, /D csv_cotlumn I, A& IEEOEREME— 2 EUES;
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2|2 BUEN ERIGE HA—5, P TEXEIRTEZIIEE NEsEE —y 28085, HiRsIAEH
% IR E %

B ASCEIT, BEBUSITIFERE . align clock Xf interval minutes=60 FY% AN NEEE IR
R, *f interval minutes=30 HYH AFEREF/NN—AMEBZE, H/ DI RIAIFE A BAR, 8,760 BX 8,784 ML

{EDN RBINAE ;. HAth A B R R R, BRI B N AR T— IR,

SRR KAE 365 H A LR REERE, BRI RITIEH 17,568 I BAERERI (31 + 28) * 48 JTLAHY 48
™ME, B2 H 29 Ho normalize half hour_year H, numbers NIR{E, reduced NEFEAME; PREZ(EZAIN
IER,

originalzsz:numbers, retained::jgzreduced,

scale = original/retained,

normalize_half_hour_year(values) = (item X scale : item € reduced).
EFFRFIIRFFANF, REEZNNTARESRNIEN, ##egilk, A e ERmErEn 48 4
EH IR HAREE, B3N HE teap policy="keep" INEREAIRH I, FEEUTRRAIATHE THI,

1B1T MRS HIXS 57 7 S R BT periods ME. FRRIFFHITE cyclic=true BUZAELIENEIAS ATk
HE, IR EMNHERAIX LT, s 8E 0 5 SRR 1 T R S v h £ U= BTG A
AP TAEX BB R R 7T A ANE R A IXH AN R e 22 oF BER 704 00t 73R Bn i F R,

TP BER BN FF 75, path AGESE, spec TUEHFTAH, policy.strictness 2B A8ENHE FUIEHY
P TAEX IR, cyclic NAGIIERINEE RN,

read = read _series(path, spec, mode="declared-v2", strictness=policy.strictness)
values = align clock(read.values, periods, spec, mode="declared-v2",

strictness=policy.strictness, cyclic default=cyclic)
return values

WUMER K SRR AR BT

He[E 7 RIZIRR A NESO 19 2022 /N S2fRes sk & HAf AN, UTC WiktHfE, actual mw.csv Fl
forecast _mw.csv BHE 17,520 ™ME; [GEEAMERREE [ERIXMZ BT 2022 EF7 K P50, TR
Fir5eEHEEN

5 B/ NIE Mw BAYIE MW Y% Mw AEHL R MWh
SFRER 15,080 46,042 26,587.967637 232,910,596.5
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75 B/ MW BARIE MW YR MW AEHLER MWh
BRI 14,240 46,760 26,611.131963 233,113,516

FORPACE e S HERILS, AHAENTINE. N TR —2455 HHIRZ RN B, %A RIHE R & U
Wrids, KA R RN BERE—1T; BEREEEAR S RN 2 82 UTC /NI R, 17,518 4%
JRICSRIERR 17,516 MENZIEL, B NP9/ NMRER

FRACT SR HAHAR E HME R MR E, S —HARIEN s s ESE; SR HAR], RRAERT—1E _E v
HEEN=7TZ2—. =502, 2022 F AYMMESAT 10 A 30 H:

UTC %) PR Mw LRk MW
2022-10-30 09:00 22,638.666667 24,649
2022-10-30 09:30 22,899.333333 24,727
2022-10-30 23:00 19,063.333333 20,494.666667
2022-10-30 23:30 19,086.666667 19,689.333333

PSRN TABSE S0y UTC, Mt AHERIRBELAER 57, BUp4%32 UTC 8¢ Europe/London X, DA
KA DD/MM/YYYY 8 MM/DD/YYYY HIAIE, I RIBAI™ M 2 3+ A RN 30 21 60 7242
K; BE. ToIRMATHY BRI RGO 2R, B 51T WEBIUAE 1 H 1 H 00:00 UTC EEHE
B, ORI R SR (B H R A SR S I

YIRIBITR

WIAE R EFT L 2541 B E| DESNZ (Renewable Energy Planning Database) 2025 fE55 ~ZRE, 7 H & ARk
Ko JFRE 12,977 DIHH 53 MR, @IHRMIEFRET LA 10,653 17, 14 M.
normalize repd fREFGM. X, JEIR. HMAISH, ¥ capacity mw, x coordinate, y coordinate %
WONEUE, FEARRIEIE I I ER,

7o eI H RORFE H S M B ETREIEE. BN project_id, site name, technology.
technology source. capacity mw, development status. region. country., planning application

submitted. planning permission granted. under construction, operational. X coordinate.

y_coordinate, HHAFRF B T = FIRL RIS BT SRARSEARAT
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IR XOEAETH A operational A&, BT EETHIREGBENAREIZHS, PAIER Mw 241,
build repd operational snapshot 1% HLSGIT At HIH, Bkid HIRBRARE AR TCAICR, SRSk
WUE SRS 3 A il RIRIH 1 B PRIERE R BOE AR A, B Z I OSGB Bk
H EPSG:27700 ¥l EPSG:4326, HIXFNARFRIFTICIRLA M ECHIIIE, RIS EHT4E XOCREA L) TRk
HIGE R MW A E B2 i E DAIMNYERES H . &5 H I weighted[asset id] B pool limit 5 1
HIEERAE, weight total NIXUEANEE 2], native initial state f% capacity = operational storage mw
* weighted[asset id] / weight total ZJECIIZ, FHDA capacity * duration IR HE, HA duration BY
BORKH RAUHRFEEIN TR, 2025 FFAME HNZHEE N 2,828 MW F1 26,700 MWh,

R029 [ 2025 FEHIIAEEHLAN T, HEERHE A HZRY 0.723, 2HKHELL 0.3487 3RLASE 5 ERIZFTTEIR
HHH T, GBP1 %M RINERAZ NI, Buhn] FR5BIZHNHES 5 558 X

Bk VO ATEL % Mw fEREHLE MWh
BRETERAS CCGT 1 28,000 —

(e mawi\LE 1 2,000 —

i, 1 5,958 —
FFAIERPAR OCGT 1 4,146 —

BV B 1 4,762 _

i _EXE 18 14,679 —

Fifi b JXUH, 11 14,711.65 —

JetR 11 10,066.98 —

0.25C Hiith 1 299.984165 1,199.936659
0.5C Fifl 1 2,465.869834 4,931.739667
1C Hijth 1 74.996041 74.996041
A finE 1 0.749960 187.490103
k& #E 1 2,828 26,700
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JBALEIPN

I H P & R R I I 28 R, PANFEHRZEE I BN A, regional technology success

rates.csv f1 55 46 5105k, planning timelines.json Z5Hi DAH THAUHTE], development stage

timelines. repd status to_timeline, success rates fF ARIEHIRA, RN ARSS T A MK H RIHT G

7§

i N E ) AR IT AR IR T3, DRSS I H M fR & I B, NIATAC B ISR 4a T H T

B, 55 6 BRI LT H HE S F R R R R,

R

JER

G0

FAE R H 4%

TERIMREL A
27.8

62.5

110.1

31.3

it IR hizd A
4.9

15.0

32.2

10.1

FFRIRASFIIE R HHATRIE, native initial state KA NERIEHIE, EA

planning.success mode="expected" [E| success_mode="expected capacity", year,79@?§fiﬂﬁéfﬁ,

capacity AJRIIHE MW A&,

W

%

planning.minimum_project size

mw

planning.include uncertain

projects

BRI

true

planning.zombie filter enabled true

planning.zombie status stale

2015
year
planning.construction grace
years 24
planning.max_completion year 2040
planning.timeline statistic median
planning.defer spread years 34F

Mig

HANERHR/DNER R

FUCRTE,  BIRFIBITIRES

JERIRAS, Mt Tk

AN I H Wi AR Oy AL (E

JNZE A T 52 AR A7 ) B R A0

PRI H 19 B B 52 IR A7

TR B IR TR A7 A S (E

HESESE AR H SR B R A AE 5
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2 ERIME Fi&
planning.random_seed 0 i H IR AR S

planning.repd battery

assignment value_proportional split  fafraith s i o 2 PYAkRE

BAREIBBUREHIEIC S, WACEEEZEL REPD R Ref ID 55 Are they re-applying (New REPD
Ref); EBEAHAEITERIA, = B E T RBIBERINRE, BERIHIER, BRRKT
minimum_size. A EAFESTCIEMNTIIE R MR,

TR E RIS E I /NG G RIPRE i, terminal statuses ZAZEFEER operational,

abandoned. planning permission refused. application withdrawn, zombie filter=true A FE R
application refused. appeal refused. appeal withdrawn. decommissioned. application expired.
finished, XH include _uncertain=false E, AR under construction, awaiting construction,

planning permission granted,

MR THIEIER T application submitted, appeal lodged. revised, _date year MH TR EHIEEE
ANPA 19 B 20 FFSLHIPYAZ ARG, BR/DAEGIIN IR [E] None; latest_progress_year FHHY planning_
application submitted, planning permission granted. under construction, operational FHEITHIEX]
Ffny, HEFEBRAKN, ZEMRETHET zomvie_stale year FIARHED HHFEER; HERBEMTILH
I H Jid eI a2

SRR IR RIARRE D, HRITH FZRIRM BN [, timeline months(source
technology, status) M repd status to timeline 7R timeline_ type, K E S E A UG SR
timeline statistic, FIEL development stage timelines HON R R UEUE, RSB SR ES BRI SR
H total median; [TEXSEHERICH SR development timelines, HRZKBREEN 12 NH, fiGREAH R

FEL Tt BN TR 2R

HERSEAH M INZE 2 defe r spread_years DNECERIE M IER, RPPIREIRIE project id A=
IERR; B E AR H BRI H BHER A Z H B,
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completion = next((candidate for candidate in (
_date year(row.get("operational")),
_date_year(row.get("under_construction")),
) if candidate is not None and candidate > year), None)
if completion is None:
months = timeline_months(source_technology, status)
completion = year + max(1l, int(math.ceil(months / 12.0)))
if defer spread years > 0:
completion += int(
hashlib.sha256(project id.encode("utf-8")).hexdigest()[:8]1, 16
) % (defer_spread years + 1)

i AT E BET AR E, MTFIREN under construction H. construction year EXIAVIHE, FikbHET:

=1 construction end = construction year + max(1l, math.ceil(timeline months(source technology,
status) / 12)) + construction grace, zombie filter=true fiﬁiﬂafﬂfflyear &Ti%&%ﬂﬁtﬂ; completion %E

ﬂ:nmximum_completionE@ﬂﬁﬁﬂtﬁﬁﬁﬁg&%o

WILATH H BRI AR X &3,  planning probability i2HY technology. region. success rate, FF
ATRENTRORRIIZRRHITE [0,1], BRI TCIRMATAME,; BDBESIN, MINREKNS, BN JeEIE X
/NEFRZE, FEFBORN 9o 5£H, RAMEN 1.0, FREGHEIIZ probability, JCENHAEE
draw SHEWCA R, [F—SLAHEMITH Y4 ER4 R H R — D HAEE,

probability key = "battery" if source technology == "battery" else technology(source technology)
probability = success rates.get(
(probability key, region.strip().lower()),
success rates.get((probability key, "gb"), 1.0),
)
draw = int(
hashlib.sha256(f"{random seed}:{project id}".encode("utf-8")).hexdigest()[:13], 16
) / float(1l6 ** 13 - 1)
realised failure = success mode == "seeded stochastic" and draw > probability
components = typed project components(project id, source technology, capacity)
for component id, technology, declared component capacity, assignment method in components:
effective capacity = (
declared component capacity * probability
if success mode == "expected capacity" else declared component capacity

A I E ey, FICRET RIRLFA R, typed project components R scheme c_
storage weights, F&ZFJ4GFHMEENLEFHIVIENIZHNE, HIE MW 272 1c battery. 0.5c battery,

0.25c battery. hydrogen battery; %% declared component capacity & TR =3 DUZAE 5 HAER
FEfl, all 1c, all 0.5c, all 0.25¢ TAEEHARDTLE—MEIKR, exclude untyped MHIEATE HFEFRIE
M, BORCEFFIE R RS A&,

AR ER U A A I MW 3R DA IIIER,, BEALREIT planning.success _mode="stochastic" [E9]

seeded stochastic, PR 480 HH MW, draw > probability %N phase="failed".
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outcome="failed planning", AR @, @RI E SRR ETE R phase="active"\
outcome="active", fifREFHEN effective capacity * duration_hours, B MWh, PlanningProject b
XS expected completion_year=completion, R, IR, &ﬁﬂ]f@lz—#ﬁ!\ﬁ, L5 6 R
HEHE,

%ﬁifﬁﬁ‘?%%;ﬁﬁﬁ endogenous_planning. success_rate ﬁl@ﬁkng—\‘o Eﬁ?/ﬂiﬁ*%iﬂﬂzﬁzngﬁ\ EHE'UK%

HXEEREREE 0.75, 25 6 ERUEIRRA B NaSHE R,

REMBSEESR

RARA,  HARGE SR B 7 BITE N 555 AN R029 M capital costs.json Fil

model parameters.json BEENZEL; WEARAMKEIELHE BEIS (Electricity Generation Costs 2020) A Arups
TREAELMTHIEE I F S8, FEEARIUCRA capital_discount_rate=0.05, #%ZIHEMILIRIA
FIIHE AR 6 &,

BR A RA GBPMW preferred_rate P HAR 4E
SR 659,000 0.076 25

ik XL 1,588,000 0.076 30

is3x! 3,976,000 0.089 30

CCGT / OCGT 2,400,000 0.089 25

LIRS EFY 1,500,000 0.089 25

1C Haith 330,000 0.0825 10

0.5C HL it 350,000 0.165 10

0.25C Fith 415,000 0.0825 10

AfEhE 600,000 0.01375 25 (ERIN)

fERESFE HH 7 FRRCR SRR 2 AR, IR charge _efficiency * discharge efficiency,
0.5C EEJA R 0.98% = 0.9604 , HARK HFEIFARAHLEN ], L5 HF M maxinum_cycles, IXLER
N 4, 6 BEIEFREMES AR, YIBEFMISITRIEES 4 54
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HAR Hathgimilh  sohs stk Hatsiptm g ASH
maximum_cycles

k& RE 4 0.87 0.87 30 1,000,000

1C gt 1 0.81 0.81 15 3,000

0.5C Hajth 2 0.98 0.98 15 5,000

0.25C Hajth 4 0.81 0.81 15 8,000

SiBRE 250 0.57 0.57 10 1,000

NI EORIEINM IS E I EUE, ERERA 5 BURTUE A 2025 fF 5 B5114T; BEIS WA AR E
2020 FE{H, MUMEEMFEARLE MAM R G IR 2022 5% 2021 BE1E, ZHEBORSHEHTHE HAEAR 2015 B¢
2024 HigE, BEERARSE 5 BAHE, MAEEEE eur per gbp BRITE N IS,

EEBOR SR A mechansim cost.xUsx HHAYFSI, %RILHE NESO BRI 5 FHiRA, Ofgem
RO/FIT/REGO #EAK LCCC CfD £4(#8, 28 6 FE SuxXLefm ANt A AT 7T

SMEBTHI S DX FEK

ANEREL ) 2R # N AR A2 46 B RR AN B T A IR, R029 9iEE] FEAIN, ==, #REFIZ/R=&48
fit—1 17,520 f?yﬁ:, A& flow mw, price gbp per mwh N E BRI (A 8%, NESO £ki& 444

NEMO FLOW X B ZI L AAS, BRITNED FLow XF M F i %, NSL FLow X M 2B &L,

AMERHT A& R A Ember (LAY ENTSO-E HAGHIAEIE, EE. FERIRF, 2 A0EEL 2022 4, Z/R=H
2021 4E; EHANZEK EUR/MWh {EFRDL 1.1 EUR/GBP, AT M AFHRNENN, AN EREHASS,
R029 fR1fF E #5411 GBP/MWh {H; GBP1 [ Belgium price.csv L Price (EUR/Mwhe) ﬁlj?z%f%ﬁﬁ)\,
A read series #ﬁi’*ﬁlﬁ]?ﬁ%ﬁo

flow mw FYIE(EE 3O IR, e XH A EBR, LA period hours 12 77 5 MM EX FL &

raw_availability, HirEMRNME R R:

raw_availability[t] = flow_mw[t] X period_hours,
import_energy|t| = max(raw_availability[t],0),
export_energy[t] = max(—raw_availabilitylt],0).

BN EET I H AT RS O, % 5 BRI FRENE S PRI ETE, 5 7 ERIMNT
LFAE BT XAER, R029 HIH AR5 sl
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UL W EE Mw HrigaE SEXIR GBP/MWh
B SIiN) -1,022 = 1,020 2022 222.292608
HE -3,091 & 2,997 2022 250.789325
TR —987 % 998 2021 123.937076
A = -1,076 £ 1,062 2022 219.917959
R -1,263 & 1,399 2022 126.503575

o X SR 2 E S S AN 28 A X A7) B 7€, align zonal demand $% period ids Af W P Z8FI1AfF
NP, BRI BARIRME— HEAXN MR, SLhaas RN RSN ERIEA R, KEMSHER

3

H|ZHHEl, TE scenario scaled zonal shares BT\ R, output real AFFSTILFREELE, network national
% index FIMILE R EHE, BANIYHN MWh:

output_real[index]
scale =

network_national
value = network_demand_mwh_by_zone|[zone_id|[index| X scale.

RN e 4 P RATRRIE R 5 X MU IO AR L. PR AR N BN, scate=1.0; HFHRR
NIETM 2 EFTRAFBNZIENTT, NP RAH 7RI, zone_ids R B PIZE A B X ) :
aligned = {zone_id: [] for zone_id in zone_ids}

for index, period id in enumerate(periods):
network_national = network_national mwh[index]

if network national == 0.0 and output real[index] == 0.0:

scale = 1.0
elif network national == 0.0:

raise ValueError("Zonal demand requires positive network national demand")
else:

scale = output real[index] / network national
remaining = output_real[index]
for zone_id in zone_ids[:-1]:
value = network demand mwh by zone[zone id][index] * scale
aligned[zone id].append(value)
remaining -= value
aligned[zone _ids[-1]].append(remaining)

Al e network pack absolute demand A output real &N netwo rk_national mwh, FHHL scale=1.0; T
I EER= o] output real[index] * forecast[index] / real[index], 24 real[index] 792;;@, R
forecast[index] Al output_reallindex] RN, WMHTRNMEE, &5 —XIRARESE, MEEE
ESIEER= SIS
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VALUE 101 & I

VALUE 101 RABEMETR, RAIMIIHILL, _demand IR [AI NFTFUARTH/ NI B 5 period X WY
MW, day Fll hour ZI/RIZHANTH 5/, day % 7 < 5 I weekday B 1, HoRHX 0.92; 55 0. 182 HIY
period % 48 == 31, teaching peak HX 30 MW, HRNZ%:

day = |period/48], hour = (period mod 48)/2,
morning = 9 exp [—((hour — 8)/2.2)?],
evening = 19 exp[—((hour — 19)/2.5)?],
overnight = 2exp|—((hour — 1)/3.5)%],
winter = 1+ 0.16 cos(2nday/365).

_demand(period) = round[(22 + morning + evening + overnight)

X winter X weekday + teaching_peak, 6}.

HHEGFIM A  demand (period) + balancing margin, fREE7SNAL/ZNER, 55 0. 182 HHY period % 48 == 30 [N,

balancing margin BX 12 MW, HRAZE, XX 12 MW T &E 2B T SEBR 75 KR IEE AT /N,

FERIEE R B H RIS =1 WIS E], hour < 6 Y hour > 18 I} solar profile iR[AIZE; HIRE
N R — day. hour TN
daylight = sin((hour — 6)7/12),
season = 0.58 4 0.42 sin*((day — 80)27/365),
_solar_profile(period) = round [max(0, min(daylight x season,1)), 6].

MR R EEINH N, 29 HFEE &,  wind profile BRI ELE 0.08-0.92, FHIRE /SN

within_day = period mod 48,
value = 0.42 4 0.13 sin((within_day + 5)27/48)
+ 0.12sin((day + 17)27/29)
+ 0.08 cos((day + 31)27/365),

_wind_profile(period) = round|max(0.08, min(value,0.92)), 6].
ST R _wind_profile(period) AY 1.08 i, ERROV 1, fREANL/NEL, SER. REX HXEEH T
A E R profiles.vre solar, profiles.vre onshore. profiles.vre offshore,

BRRAE 52°N, 0°E AIR— MR, 447 8,760 T/NE, AL hour IMEFIERT R/ NN G,

hourly solar 7 J/m? 215N, hourly wind 9 m/s XUH:

hourly_solarf|hour| = _solar_profile(2hour) x 3,600,000,
hourly_wind hour| = 7 + 2sin((hour + 3)27/24)
+1.2sin((|hour /24| + 17)27/29).
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WIS 3 XL LR XUE, %= B AN 5K H 75, R R AR R, EE
DR AEE 12 MW 3O _EFRFT 82 GBP/MWh HEAT, HRIUMNMORZHAEE N, kg AN 200

GBP/MWh, build value 101 packs K IXLEF5 5 NBEEH AN,

3R[ERAL

XOEHE = BT F T S A B EARR M BN RS FI B, capacity mw HZEHL MW, availability
NTEENKSERZREL, available mw NAJHINZE, available mwh A ENBITIEHURA] & :

available_mw — capacity_mw X availability,
available_mwh — available_mw X period_hours,
period_hours = 0.5 h.

KAHENTHERMMS ER, 384, 5. 7 ERVHEREWC LRI R, FRERFEHAATER
AR LA 6 HAAE EIR,

Pt PN EIPS =2

R029 DA 2020-2024 4F ERAS HFAHFE A, H. /NSHPESESRRS H /N, TRFEYIEE 43,848 /1T,
BERPINME H Y 48 /NI /S, 8,760 MR H /N A 7L WLNE, EVE RSS2 2EF5 HT%
FEAUAE

XUBSEHE N RN IR R &R, FBERDIEY, WACESEHHE uiee “E755 viee SE75 Z RS TT
R, HHEDFMEICH wind speed, [RIRFPREE uiee F1 viee, RFHSCHRIZR RAKEE 4RSS ssrd; R029

HIPR S5 528 calenda r_mean wind 2020 2024.nc 1 calenda r mean_solar 2020 2024.nco

RAIAE LA 0.25° 73 s S ] N AR IS, AR ABARTE S5 3R/ N

A 2] %1012 SEIEE B < 22 x H x /i
KPR 45°-65°N 14°W—4°E 81 x 73 x 365 x 24
100 m A 46°-65°N 14°W-5°E 77 % 77 x 365 x 24

BT 0.5 20264610 A 12 H 16



VALUE &8 75152

%1&?@,@%%%ﬁ5@%*§§%§$ﬂ?§go point series ':P, ﬁﬂi,‘f—i latitude., longitude ﬁlm*%é?ﬂléﬂ lats.
lons B PAFEFRIR; lat index. lon index 73 BIIEFRARFRAEN i/ NN B, FEEREUNASEAEFHIIE—
T :

lat_index = arg min|lats[j] — latitude|,
J

lon_index = arg min|lons|k| — longitude|.
k

RS AR — 2 — H— /NN BN ] — S — 28, RO /iR e V- vz i 41,
B, AERE, AEERESEAMEAN R SE IR TEA. Bulis lat, lon B

fleet.locations f&fft, representative sites FHXLENIE S fleet.json FIFLLHLZFRAT I,

ZER|S5FNEEE

KAE(EIZRIBRYIE S L EE R VR R B, BRIAKRS TR clock="v2", ghEH time convention
fltie; HRIEMT, GRIB stepType="accum" TN XN RIBZRN R itE, Hs RGN Z)E,
hour_index ¥ BRI/ NGRS t B NIRZR 5] index, FFTE hours NFIESIEIA:

index[t] = ([t/2] + 1) mod hours, accumulation_end_of hour,
~ 1 [(t+1)/2] mod hours, instantaneous.

HE 01:00 A9/ B IR S3ECEE M 00:00 £ 00:30 FFEERTPR N, BRI ERUPEE 00:00 FEAS 73 ECEA M
00:00 JFEARITER, ¥ 01:00 FEAZ2ECZA M 00:30 F11 01:00 JFUARIITER . AKBH ) LAATAE B F2 WS BR AR Fi
HE,

R029 HI P E BRI, EIHRARSIARE AT, 3231 clock="v1" WERH index =
(t // 2) % hours, FFNREFESLMN N/, XERTIMNERTFHIENT?, HEEMRE
—/ NI /N AR R
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X BB R4 S5 5FE

R\Eﬁﬂ)ﬂ%@lﬂﬂ 3 m/s Jﬂ])\\ fjj‘?iﬁ\ 'lﬁﬁgﬁ%tﬂﬁﬂtﬂtﬂﬂiﬁéﬂm hourly unit cf Eﬁﬁ)\ﬁ%@[&
wind speed I IEEIZ L &, HREN FH viee. viee RKAER, wind unit output SR 20 BN H I REE,
LR DA 20 51 RITEE)/ N REL hourly, XUK speed. ZENXUE rated. YJHIXUHE cut out LA m/s
TR

0, speed < 3 or speed > cut_out,
. . speed3 — 27
wind_unit_output(speed) = ¢ 20 , 3 < speed < rated,
rated?® — 27
20, rated < speed < cut_out.

XU F rated=9.7. cut_out=25, HIXCR A rated=10.5. cut_out=30, TETFIREIY) H XU 4ERFEIUE H
N, T ZEN I NE, STTEREIERETE 0-20, FEHN hourly,
KRBT LA hourly [index] FELAE. REER A] R IR FEIFE], BIA

loss_factors=true Hﬂ‘, method.multiplier(technology) M value uk vre loss factors vl.json A

BE:

PR FEWiRE RER PR A R multiplier
Wi E XU 0.95 0.97 0.98 0.90307
EJXH 0.88 0.945 0.98 0.814968

NXUE 8 m/s IS, [l XIHHZRES HH 0.5476061707, LA 0.90307 154 0.49453, AR 100 MW ZEHLHY AT FH

RN 49.453 MW, 5ZZHF#H loss factors=false I ELH multiplier=1.0, BE%f#H AL T,

IR SICR R

TR B AG TR N FE S E R IR, hourly unit of ¥ ssrd 328 J/m? 1Y raw, R[] kW/m? 1Y
hourly, H AR SN H#E N
raw/3,600,000, 3,600 < raw < 36,000,000,

hourly = {0, otherwise.

BRINSEAR TT 1% ] plane of array=true £ 0.83 HY1:BELL, clock="v2" H. time
convention="accunulation end of hour I, TEAE/ NIt s TEAR R B HCE IR AL T
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R029 1 VALUE 101 ZEB#i SRIF /K AR IR B2 DL 0.83; plane of array=false B, 2HFRIFERHA

X—IKFEHEL, loss_factors=false FEREELIR A 1.0,

BB F il s A FERE . BAIA tilt rule="jacobson-jadhav-2018" 5%H Jacobson Al Jadhav (2018) |,
Solar Energy 169, 55-66 [ 0°-65°N Z Iz, fF optimal tilt jacobson_jadhav H', phi NALLEEEL, M
BOR A EEEULE plane_of array HIEH tilt:

tilt = 1.3793 + phi x [1.2011 + phi x (—0.014404 + 0.000080509phi)].

Wi Ff ZHOE X FF tilt_rule="site latitude", EXUAHEANIE, PAK tilt rule="fixed", HX [0,90] EEAIMY
fixed tilt dego —FIFINLSRFISHEG i, PlaneOfArrayParameters Z37F albedo=0.2. solar constant
w _m2=1361, max_zenith deg=87; JRIFHIIBZRIGE N [0,1], APHEEGEE N 1,300-1,400 W/m2, K

BB YT M [80,90) JE,

pNC=VARCH

KBHJ LA A 121 TR B UTC # s, period clock JREIFENH day of year /N utc_hours,
day angle & DAINEFRRIVIEM 9o A MFFHLEHIITEL t,

day_of _year = (|t/48] mod 365) + 1,
utc_hours = (¢ mod 48)/2 + 0.25,
g = 2m(day_of_year — 1)/365.

FREFFIPIEZIEH declination, equation of time minutes. eccentricity_factorH@Fﬁ”%iﬁlﬂ‘ﬁo it

1§ dect INERIR, WELHFRR, HudEERK - NICRHN:

decl = 0.006918 — 0.399912 cos g + 0.070257sin g
— 0.006758 cos 2g + 0.000907 sin 2g
— 0.002697 cos 3g + 0.00148 sin 3g.

equation_of_time_minutes(day_of_year) =
229.18(0.000075 + 0.001868 cos g — 0.032077 sin g
—0.014615 cos 2g — 0.04089 sin 2g) .
eccentricity_factor(day_of_year) =

1.000110 + 0.034221 cos g + 0.001280sin g
+ 0.000719 cos 2g + 0.000077 sin 2g.
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2 FEFNI ZEHfE 2 UK FHIS S /N, Longitude deg PAZRENIE, solar time PA/NIFFRIR, omega PAGN
BRI incidence _cosines b FE R A S 4 o & phi, beta, IR B KT RS A B 5R5% cos_z.

cos_theta:

solar_time = utc_hours + longitude_deg/15
+ equation_of_time_minutes(day_of_year)/60,
omega = 7(solar_time — 12)/12,
cos_z = sin(phi) X sin(decl)
+ cos(phi) x cos(decl) x cos(omega),
cos_theta = sin(phi — beta) X sin(decl)
+ cos(phi — beta) X cos(decl) x cos(omega).

At D RSy T EERE

TKER BRI §2 0 i B 5 B9 0 = plane of array & ghi kw m2 FYAEFAFERZC N kW/m?2 /Y ghi,
extraterrestrial normal EFT parameters.solar _constant w m2 / 1000.0 * eccentricity factor(day of

year), ERIAFEECH 1.361 kW/m2, ghi NIEHRTMA/NT 87° I, HERAFEECH

. hi
kt = min | 1, max ( 0, .g ,
extraterrestrial_normal X cos_z

B ELISR ] Erbs,  Klein 1 Duffie (1982) , Solar Energy 28(4), 293-302 HIZRH X R, kd BURTILE
LMIEBATEEL kt, middle FH(RAIX (AT 22 T {H -

middle = 0.9511 — 0.1604kt + 4.388kt?

— 16.638kt> + 12.336kt*,

1—0.09kt, kt < 0.22,
kd = { middle, 0.22 < kt < 0.80,
0.165, kt > 0.80.
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Hay-Davies (1980) &t KrE S, RESHUEHIMME S NFEIEE S IF. dhiv bhiy dni 23 AIDA7KERUGH
K E SR E SRR B kW/m?; anisotropy. beam ratio. sky view, ground view NTCE
2, ERIA albedo M 0.2, FEHIFHHEIEE poa N

dhi = kd X ghi, bhi = ghi — dhi,
dni = bhi/cos_z,
anisotropy = min(1, max(0,dni/extraterrestrial_normal)),
beam_ratio = max(cos_theta, 0)/cos_z,
cos_beta = cos(mtilt/180),
sky_view = (1 + cos_beta)/2,
ground_view = (1 — cos_beta)/2,
beam = bhi X beam_ratio,
sky_diffuse — dhi X [anisotropy X beam_ratio
+(1 — anisotropy) x sky_view|,
ground = ghi X albedo X ground_view,
poa — beam + sky_diffuse + ground.

KITfaIAE s 87° 8¢ ghi R, B kt=0, kd=1, dhi=ghi, bhi=@, dni=0, anisotropy=0.
beam ratio=0, FT{§ poa (REABUNFIMII ST /r &, ARSEUG, ZM4HH 87° MHIEERN

max_zenith dego

&£§quﬁﬁﬂgﬁ§§ig§ﬁtﬁﬁtt?gﬁiyﬂﬂjjjﬁgiﬁ, HECER 1, %ktk%$§k7<, Siteicfibyisourceﬂg[jﬁgaﬁfiém
A values Ny

values = min(0.83poa, 1).

AR RSP E R JE i, AP REEL EEEH T hourly[index]o PATRIREZN
M., BEROERATRTDEREA . ds WEFTFHHY NetCDF, binding FBHINRIZE, periods AFTFEF/ NI
iﬁ, method €15 clock, loss factors. plane of array.

hourly, evidence = hourly unit cf(ds, technology, latitude, longitude, binding)
index = hour_index(periods, len(hourly), method.clock, evidence["time convention"])
values = hourly[index]
poa_applied = False
if technology == "solar" and method.plane of array:
poa_applied, reason = plane of array applies(method, evidence["time convention"])
if poa_applied:
values, poa evidence = plane of array(values, latitude deg=latitude,
longitude deg=longitude, parameters=plane of array parameters())
multiplier = method.multiplier(technology)
values = values * multiplier
if poa_applied:
values = np.minimum(values, 1.0)
return values
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MBENESXKRESR

BRI BB R RS, EERARYIH 11 DR, 11 DREXURTE S K 21 MNEXURZR SR,
RO29 ] 2025 FEEEHH, [ERERZDHIN 110 11, 181 BITEFIES 2 BENHIUATHIGE I 58 A ILET
LRI H AR R IR SR o

MR HBE AR EILIE, attach project weather JEIEHUINHHY 1atitude, longitude, FH{%
physical project_id ZHKJ54G REPD 17, AEARMIERAIS L0 A AR, A IRAARITELE RIS EIT I
o nearest site FUIH A NINE R 1at1, lonl, RRRFIEIRFEN 1at2, lon2, DL km FKRHY
LErE )
5 lat2 — latl
2

+ cos(lat1) x cos(lat2) x sin

a = sin

5 lon2 — lonl
2 Y

distance = 2arcsin+/a x 6,371 km.

SFEERNEEEA AT P EY S — MR, SDARFRRIILRIDER, Rl XITE R REPD Hi[X 5~ RATR T
W, FAEISIT I I %R, FERIIa D B XL T A6 HR,

REPD Hi[X &R

East Midlands Nottingham
Eastern Ipswich
London London
North East Newcastle
North West Manchester
Scotland Edinburgh
South East Portsmouth
South West Bournemouth
Wales Cardiff
West Midlands Birmingham
Yorkshire and Humber Sheffield

A BHCH I BN PRIHEA BN R AE S, commissioned project weather ST RIS TH
=B NN stock[name], FMAMERH, BAEENVEMNETIE, MERERNCEERTE,
total stock WoLIE| VA 21T MW, total new WOk R MW, names R IRTR A 3%
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VALUE (8177752
total stock = sum(stock[name] for name in names)
total new = sum(p.capacity mw for p in projects)
if total new <= 0 or total stock <= 0
weights = {names[0]: 1.0}
else:
names.sort()
remaining, weights = total new, {}
for i, name in enumerate(names):
amount = remaining if i == len(names) - 1 else total new * stock[name] / total stock

remaining -= amount
weights[name] = amount / total new if amount > le-6 else 0.0

[RIZHA B AR I H FASHH R weights, ZMBECEAIT 0.000001 MW B, KASAXEEEL amount /
total new; B/NIELENINE, FRHEFNRE —RIREWER ST, RaTEENENK
—RELHIPEIELN 1,

#idfg, B R H weather source weights, source weights fLFCIREUX — TaNMLET, FHiELEA—

weather_source asset_id, BEEMRUIREE™. HRENH, BRATEHE. JRAHEFIEMEE = PRIRICEL, >R
TRAFRAOS W AR IR R, NEAOVERRIETAE, HFIZEZ2 1711 0.000000000001, # deficit = 1.0
- sum(weights.values()) B IZAZE, cohort BUERIA R weather allocation cohort mw, skipped 14X

TINE; FURSEIEN deficit <= skipped * le-6 / cohort + le-12,

HrEn] R BN RIEHIZRAIINART,  map lineages X/ RIRRY values N weights; AR name i
FIREE N RIREZH, FifS combined

combined|t| = Zweights[name] X valuesname|t].

name

5 X ECAE R B R SRR RN AR 7> B = ) PR B, StagedBidAtCostPSM ¥ capacity mw 3 DA X
share, &Rz R 1; flERERY charge power mw, discharge power mw., energy capacity mwh.

initial soc mwh IEDAFR —FE0, 2 7 B K~ 2 XL 5 R 48 203,

AJ %% 1 REPDERASAggregatedweather. build TE£5FT A & —HoR—XIREH N & 18 F 77 1o LH9 0 B #hk,
X IBLIEST rows, total N MW, values NI HTCEANHHLR, weighted NIXZHMIZE:

total = E row. capacity_mw,
TOWEIows
row. capacity_mw

total

weighted[t] = Z values, oy, [t] X

rowErows

X—REERIMEHMEER, 2ERAEAT [0,1], FFZEK total HIE, weighted LU MW FT KT
HATHIZRZ M, 53X ERE O ARM& B A T3 & X EE 57
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RANFIIR AR L

SEEY KR, Rl RN XEEH — SR EORE #hZk, K 2022 4F ERAS B85 sa.csv. wa.csv,
we.csv FHUNIAHRITH B E LS ; B public2 XL 8,760 N NIHE, 7BH interval minutes=60,

FAEIRAT e T IESER A/

32/ availability ATCERNE, HTH 6 E peak FIFEARREH, RN BRI
25, VAR H NIRRT B SRl mORAE, INTRIDEC,  BRi S eV IR,

4 51T 5 ERE
VALUE Hof NI B SR G, R, HEC, AR & AR, AT AT

R, BT TS SERERRATT R, 9 5 B2 E Native AERIE, 5 7 ZMAMBLAH, 56
B RIS T RN IR R,

BT s S EREA IR IR

FEARER A UTC IR, 8 365 K. 17,520 DF/IIFITEL, period start utc FFMFFUAM period 73
N H S day index FIH S offset, PR offsetxperiod hours /NEFINZE] model day ZaHIAY HEA F,
period hours=0.5 i, THEN:

period
48

day_index = { J, offset = period mod 48.

model_day Bkid 2 A 29 H, IREURTEIEERTN T ENX —I8, FHA2Y Europe/London HYILFBITHA N
UTC, HthiN R A z 19 1SO 8601 #81K, INExFHLE DL MWh I, HUEDIZRE MW I, ZEFLL MWh
o

{EREAE S MEELEETT QAN B IUE I WIGEFETE . Native FHEQIEEAEREIRIERT stored_energy NS,

5 5 BAHENHIRER, SBTE. LP 5 DC JAE R FAMIZER 74 ABX initial _soc_mwh=0.5xenergy_
capacity_mwho JXEERNEZREN; F—FEREHRBESRANFESERE, AT F—FRIERERA
o
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A5 FEEE

7B PSM SEif R FUNER 5K, FHEF A SEPRaR s RIHATE 8, X DIEMERE resource, _ahead offers 132HY
ﬂﬂﬂ%‘—%'—?i@%ﬁﬁo availability ﬂgiﬁﬁkﬁﬁﬁ%—%%ﬂ%‘aﬂa; physical cost ﬁlﬁf‘ﬁ%ﬁﬁﬁﬁif?ﬁﬁi‘,
HXRHEEIOBRA, multiplier 2R H market.bid multiplier, ERINEN 1, PJRITEHEESIEA:

available_mwh — resource. capacity_mw X availability
Xmodel_input. period_hours,
marginal_cost — physical_cost X multiplier.

fiREIR M RN 32 BRI FIEEE LI, soclresource.asset_id] NI EITFHAN HUEREMI ZE1E,
discharge efficiency R HLHE Ak FH &

available mwh = min(
resource.discharge power mw * model input.period hours,
soc[resource.asset _id] * resource.discharge efficiency

clear ahead 1% price gbp per mwh, offer id fiIXHEFMRT. #4G remaining=forecast demand mwh, X
RANFIRFR G MO ETRME, FHIBRIRT R, SEEIIHRITECN clearing price gbp per_
mwh, EIREIHEBEFIZNIEGE R, FERTRIEE] 1072 MWh LR HTE, BRAHEERTE, BB

%, FIELCIC unserved forecast mwho

accepted = min(remaining, available), remaining <— remaining — accepted.

SR AL FRSERR A SR S HR AR Z [BIFY ZZ4, £ CopperplateBalancing.clear 1, final dispatch ]
UHHE schedule mwh by asset, gap mwh=real demand mwh-sum(final dispatch.values()). A& FL5HETIF
RA RN EAIRYT, Rt RIEEE N SR, #6E N JESCREITHRIECE, eI, FIR
JER KBRS &, ) H PASIE NEA BRI AN B S AR,

TERNMEER

MRS REAGERAER R SR RALREGRIT, RFitt, EIEANERFSTHER detta NIE, NHRY
delta yﬂﬁi, W5 A cashflow=deltaxprice gbp per mwh, T B 5 4% 812 R FH network-economic-

v2 2B R,
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KH R RTS8 X R S B/ MaE H 1 X [H], thermal dec segments HYX shutdown mwh=min
stable fractionxscheduled mwh, HAHEEICH running mwho BITIXEIRT NN A NEFEUS. HIFREL
FESCHFH T RE R IA PR A ; AHLIX R IR RN K P S 2 . 7R
RestartParameters.net saving #, avoided cost FYEAi,) GBP/MWh, restart cost(horizon h) JJREHK
JE5N) GBP/MW, horizon h DI/

net_saving(avoided_cost,horizon_h)
restart_cost(horizon_h)

= avoided_cost — — - - .
min_stable_fraction X horizon_h

shutdown_horizon_hours Gt L4 Hif i B Az L f= Tl 35 3R AT A B KOG S5 A FRL AT Y P 28 78 o R 82N R,
JR[A] (1+4run after[period])xperiod hours, FHITHFH/NTF min down time h B, 1last resort price #HE
HURMN BT 38 RN IR E AMTHE LR ED 0.01 GBP/MWh; IAZIBRAGENIN K, RATEUFHL
HHE, SRR RS N SN ER A ST A N,

CCGT MI/MAZEH LB 0.50, BFUFHNEDY 6h, . HE. #EZIRASIN 113.7, 134.4
155.0 GBP/MW, OCGT XM {E 0.50, 0.5h, 175.7 GBP/MW, “EVJBUNRAEN 0.35, 6h, 129.2
GBP/MW, CCGT TEfFH/DT 12 h NRARES), 12 = 48 h RAIEZ, & 48 h REREEN. 2H
LA 2025 RS, BT AT AYHREHLX A T ; AP B IERN, EHUX RS TIo SR
ROV, ks AE RN XU U,

HM AN HE resource dec price 3, #TH marginalxdec multiplier; KUFE. YEAR MAR 7K AR
—support, E?Hiﬂy|narginalxdec_multiplier—support—premium; iiﬂﬁ%ﬁ*ﬂﬁgﬂgﬂylnarginaIXdec_
multiplier-supporto, market.decimultiplier%ﬁi&ﬂaj@ 1, ERRA market.bid multiplier, RF HHBER
XHNE, BN TN 100 GBP/MWh, fiBRE NAMME I RO RS IR,

storage _dec price DAY BHEAR AT _ BRI A2 B & _ERIROTBRHIZ(E; DA R85 A GBP/MWh it :
value = up price gbp per mwh * charge efficiency * discharge efficiency

if lowest inc price gbp per mwh is not None:

value = min(value, lowest inc_price gbp per _mwh)
value = min(value, up price gbp per mwh)

L TS MRS HES_E RO, RO A HBESeT0E8E, VoLL DA ERYIRIT B ERNE S Z 5N,
TUEZE AR 0.01 GBP/MWh FIT S M ZIMIRHERS,  FHRUTER ARSI T S T 230 AR
HisfTIXAEL ¥EH. fifRE. RRUKHE, XOE, KHEENL ZHE, BEIINKRXE, 756, B [
Hris R4 m FH B LR Be i &
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MEANFEMA, total HATFH MWh, fraction BUREFAHL & 5 Al ML S F R 1 B9EVIME, HILAS 1Y
delta BT final dispatch, Ff/74 cashflow, IERYTRTERICTT blackout mwh, BERZHLRAN{FEHE S
FRAE SRAYZEFTE 1078 MWh N, 73 IXETESE 7 BMLK LR AR MR RIS E X, SErsiamn
AU, FEACERYEE I,

DA 50 MWh TR EE SR IEBHF T EREE B, XUEAZ £0/MWh #4130 MWh, BAS$% £60/MWh 4T 30
MWh, FERTHXIHESIXE 30 MWh, #4520 MWh, %48 —F £60/MWh Zf £3,000, SZFRFER N 55
MWh B, BASFA 5 MWh, ZK15 £300 U ; HPHEST HigE2% 25 Mwh 15, O £1,500,

EEEEFSRM

ERE A7 G IR & E N8, 1E CopperplateBalancing.clear H!, opening 2 ¥IAGTEREM MWh,
dispatch R AR Y MWh, TUERTRFTER, FHTGEH soc H:
soc — {opening — dispatch/discharge_efficiency, dispatch >0,
opening — dispatch X charge_efficiency, dispatch < 0.
JEFVGHEI N E E energy capacity mwh, AR ZEN 108 MWh, FEHLSTAHIMIR charge power
mwxperiod hours Fll discharge power mwxperiod hours [Rfil, XA HANTTMISHIFRR, SiHiEZ—
ANTTIEER 107 MWh, BIRIZEZBON N — 1Y opening, BFERIHIGEEFZ ESORE,

DynamicAnnualStorageCost R & A FI 7 NI IH S HG[EIUL, capital recovery factor #2UL
discount rate 5 lifetime years; HTIIRIEIERN IR BIZEaBEIEL, EHTEIZRE R

) lifetime_years

growth = (1 + discount_rate
discount_rate X growth

Y

capital_recovery_factor =
growth — 1

FENA R =R SE 2% 2 Fl, prepare year FEURHS = SEFRHY capital cost gbp.
power capacity mw., energy capacity mwh A1 discharge efficiency, spec RtEHXFEm. MK, 1605
S B4 TR, RS YRR,

capex = max(capital cost gbp, 0)
annualized capital cost gbp = capex * capital recovery factor(
discount _rate, spec.economic_lifetime years)
annual fixed opex gbp = (
max (power_capacity mw, 0) * 1000 * spec.fixed opex gbp per kw year)
annual levelized project cost gbp = (
annualized capital cost gbp + annual fixed opex gbp)
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SEAE R AT PRI RS AT SE B SR T R O 9% )ME, _reference_observation 7}
BIHEEIR A 5 78 I K153 life cycles per year fl physical cycles per year, BXEV/IMEN
cycles per_year, PR LA MWh HHUHE BT R sold M DB BRECHHIHRE A I A
dwell_periods:

life cycles per year = spec.maximum_cycles / spec.economic_lifetime years
physical cycles per year = 8760 / max(2 * spec.duration hours, 1le-9)
cycles per_year = min(life _cycles per year, physical cycles per year)
sold = (max(energy capacity mwh, 0) * max(discharge efficiency, 0)

* cycles per _year)
dwell periods = max(spec.duration hours / period hours, 2)

EMBEM IR NIER) E— 85, HUSEHRN—EHIFN TR, reference 2
_reference_observation IREIHMEE, ¥4 sold fRTFA sold_energy_mwh, K SHEREHN FILRTEN
average dwell periods; previous fRT7F_E—EMEAE, EHMAY basis sold A MWh 1F, average dwell
fntt MWh IR I B

observed = previous
minimum sold = reference.sold energy mwh * max(utilisation floor, 0)
if observed.sold _energy mwh > 0:
basis sold = max(observed.sold energy mwh, minimum_sold)
average dwell = max(observed.average dwell periods, 2)
else:
basis sold = reference.sold _energy mwh
average _dwell = reference.average dwell periods

2RIN utilisation floor=0, discount rate=0.05, FE It Y MWh lﬁ]”&ﬂﬁf$?ﬁ‘”§l, 7K E REFI R fERERY
TETIH D B NE,
usable cycle output = energy capacity mwh * discharge efficiency
cycle depreciation_gbp per mwh = (
capex / (usable cycle output * spec.maximum_cycles))
expected cycle recovery = cycle depreciation gbp per mwh * basis sold
remaining annual recovery = max(
annual levelized project cost gbp - expected cycle recovery, 0)
weighted basis = basis sold * max(average dwell, 1)

holding recovery gbp per mwh period = (
remaining_annual_recovery / weighted_basis)

24 has_cycle depreciation jﬂﬁﬁ%ﬁﬁ—¥jﬂgﬁi BT IHITNZE ; 24 weighted basis=0 I,
A RIULINZE, Native SR cycle only ?Eﬁl&ﬁ, bid price gbp per _mwh IR [A] cycle depreciation_gbp_
per_mwh: —RELMIZIEIAAFEIRAT, HIKERES BRI AE., FOT BRI OGN F R, &5
FENE S,

ﬁ%ﬁﬁﬁk$ﬁ“ﬁ|ﬁlﬁﬂ‘éﬁﬂj/I\il:#ﬁﬁj'fﬁﬂg@”&glo LMEREIRN A cycle depreciation gbp per mwh +

max (dwell periods,0)xholding recovery gbp _per _mwh period, ﬁ}ﬁﬁﬁ%ﬁ%ﬂ;fg}\,dwell_periods=0, IR
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AIRNMITNE, BREME 2 BRSIFG, BIASHETSEG BEgET SO H/KERE 13.4 GBP/KW/AE,

—2KHh 6.6 GBP/KW/AE, ZMBRE 19.7 GBP/KW/AE,

BEHICREKR F—ER AT EEM, record sale HZIEI L& MM TR LTS IR B, £
current FRIMEHESEHEMAEFERE, #HENIER, average dwell periods T MIFHUEEFREA
HE; HENFNERE:

delivered = max(delivered mwh, 0)

dwell = max(dwell periods, 0)

current.sold energy mwh += delivered
current.dwell weighted sold mwh periods += delivered * dwell

R, storage cost observations IZfBEREMRFLRIFIXLE R, N —EEERKEEIEN previous, THEHN
A EIE, ¥ current TEE, MEMEH TR, YEEFE ESCUMES JE S HEE T,

5 2EMHLE

REMGES NP HE MR, FHEhRaE Ke s, ERIASEER value-bid-at-cost-psm RH
native-corrected-vi: AHEMEOIRHEATHIIR, (EREMR HMESMHNERIUR, REEHEER ~—H
HIP RS

WA, RIESTAEB

JEED MW 3R, period hours = 0.5, A8 forecast demand, real demand, capacity limit.
real_gen_energy fll alter_limit 73 AR RIINTE K, SEPRFFR. AT, SERR AN AT AR ;
N TIRA 4, BTN ¢, HME SAREMERM T RELNE Y, UTC BAES 17,520 A,
Native PIAZIEX DA MW FoRBIFE 3K, 1E HL R A5 N KA D) %5 period_hours,
canonical_psm_data.py HY chronology #%1#%55 2 FARII 153 [t B 5 AL A SR L [A] MW,

RN BB T B AT EOR T EHEANER SRS ST R, A SAAYIBTRA gen_cost + fuel cost
+ carbon price + unit time cost; HZHL., NXUEFIRIAKH R gen cost + unit time cost, FAfTHIZE
FMIGEE NIZITH R gen_cost, Bl GBP/MWh; carbon_price E.&/RE MWh K FHEIIZEH, 1%
Rz  bidding factor | sxfizf7gfAlly  gen-cost; | pEzpinfily startup_cost;

price;, = bidding_factor - gen_cost;
+ startup_cost, - 1[¢ € accepted_bids_name, ].
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RINEZRERINE 1, KESXOEWBEIIN AE, GB BIAITH, EVHLEETRHN 0.2 +80+4.8=85
GBP/MWh, Bzt 83 GBP/MWh; CCGT fll OCGT HI%EE % /03128 55.07 F1 74.92 GBP/MWh,
EVIRIAIZ TSR &,

FEOERCER TR, FHEEOR SRR, RAfEIs S EBOa i - M 2 A, 2 MRIERIR
RHACHMS AR, MERAREEMENNE, weights 55 total weight K85 capacity_mw 7}HELE
generator_sources, JXUEARBIAMW HE, Hr J FRMHHE, o FRE™, allocate
runtime_income FHZ LA R, H raw_income 77 EIF MK allocated, —H¥JLL GBP it-&:

generator_sources, , = capacity_mw, - weights; /total_weight,

capacityj = E generator_sources; ,,
a

generator_sourcesj,a

allocated, = zj: raw_income; - capacity,
KSR 20 MW 22 4f  capacity mw; /20 feee  seprsp i 1 Mw SRR

capacity mw; (s fEab TR SREEHIR REEA . scheme c native psm.py FHERES B, FEIKE
R R BRI R I, TR, AR QIR RERE (TR A 251

stored_energy; igﬁfﬁﬂﬂ{ﬁﬁﬂf%%ﬁ‘zﬁﬁﬁ)\ storage_year boundary,
KR H ﬁﬁ%ﬁﬁ5*@7&?@)\5@@6%&*@@5@%,&5%&@0 site weather.site cf by source HATEE 3 %H"Jf
R PHRENAAEHFERILE, kernel injection.KernelSiteInputs K& &[T cfjs NS

capacity_limit,;, = capacity_mw - cf;;.

¥ LA FH R TE i R AN B N AR B 250k PRIS 2% H /), nuclear load factor 3ZHX pris load factor,
pris reference mw A capacity mw; generation end period LHEMER AN EE—H end, RETHM
U E SRR X AR, DA n NS AR, asset availability 2K UTEIAH values,

kernel availability wEEEH:

) pris_load_factor,, - pris_reference_mw,,
factor,, = min | 1, ,

capacity_mw,,
values, ; = factor, - 1[t < end,,],

weightedy,cleart = _S_ capacity_mw, - values,, ,,
n

WelghtedNuclear,t

>, capacity_mw,,

kernel_availabilityNudear’t =
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2019-2024 4 [&E]E F¥5 1 /A% ) Heysham 1 ¥ 0.668. Hartlepool ¥ 0.689, Heysham 2 Y 0.752. Torness
[ 0.792 1 Sizewell B /7 0.801, HAF FHEUSBERAVH ARG IUEE AGR AT FHZ M 2030 455 4,320 11, Hl4
H 1 H 00:00 UTC &% A%E; Sizewell B /£ BHRIRRAE 2 HiRFFREE S, [EIRAFTZ 55 9
PWR/EPR HY 0.801. ARIEE AGR Y 0.727, EEEGHAZHEL ™K 0.723, GBP1 public2 kA VALUE-UK
B H SR (value uk nuclear policy vl.json: FiJ EDF FEUE N HEMHMELEE) |, HAL4HBA
REAEATEIZHE; RO29 RAREEH ™, EEEEEYHRA 0.723, S%¥(H value_uk_firm_

availability vl.json 5 firm availability.py f2fit,

ZIM/KHESRH DUKES 6.3 “EHFEM AR, 455 Energy Trends ZJE BRI AL A EZIR

values; = 0.3487 - monthly_shape,,,.ih of period(t)

monthly shape = [1.3851,1.3851, 1.3851, 0.6582, 0.6582, 0.6582,
0.6776,0.6776,0.6776,1.2791,1.2791, 1.2791].

IR A S EARIIME N 1, 1% 365 RAMFAIEIE S 0.99883, Kt MABERIAER] F3R 0.3483, ZH5/KHEES
PR SR P X 4[] o R 2

BHEEYITEIs, BT accepted_bids name ; . S 5AEYFRA TIREE 2N HIASEIT
%/E}H:'.?]Jﬁé‘ real gen_energy, *ZEE'){%ﬁiﬁ?'ﬂ capacity limit, 7KEE'§§£%E§E"J have gen_energy ?ﬂﬁéﬂﬁ?ﬂ
% HM real_gen energy, BBSGEHAYE add energy M energy limit, IZEIBTIERBINELHE, HE NEE

REITE, P &R MW BB, € period hours f515%] MWh,

fEREIR T SHAIE] L~

EREARHE B IR NES MWh IC A CAFTEHEE & NG| stored energy, t FAaiHH,
Battery.charge R power capacity mw, energy capacity mwh, FEHRR n 1 AR E A 7T ISR
DRRHIE A XEfifRE, HEA

stored_total = Z stored_energy,,
k

C ( energy_capacity_mwh — stored_total )
remaining_input_power = max ,01,

n_1 - period_hours

stored_ener
already_charged_power = Bt

n_1 - period_hours’
period_power_headroom = max(power_capacity_mw — already_charged_power, 0),
input_power = min(max(available_input_power_mw, 0),
remaining_input_power, period_power_headroom),
stored_energy, < stored_energy, + input_power - n_1 - period_hours.
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Battery.discharge MfEEHLIIER output power * period hours / n 2 MWh, Hr n 2 HTHERCR, 2
IR A B =AUE R, HAPRA AR, ERERAFEREDMIRIHIR, HARRK A
discharged mw, charged mw M sto red_energy B

0 < discharged_mw < power_capacity_mw,

0 < charged_mw < power_capacity_mw,
discharged_mw - charged_mw = 0,

0 < stored_total < energy_capacity_mwh.

W E AR, ERESCIEA I, FORARIRR R RIR MR RIRREEETE, REENERER
AREFEH, AHCZFEHNIEREAE RS BAR T, BRSO 2= R, A A AT
PR, FHE BES SRR RSk ISR B e HE[AI T H ) R B H A ERETR B

HIRH R 1 — decay_rate | sy R HAMBRINIALY  decay_rate Sy 0.000021,
#40.000001, FAERED 0.000005, /NT0.001 MWh HUIHIRHAZER, FHEAFEFRZA,

PRSI IERE A BERAL AT IHR A FatAR A

bidding_factor - cycle_depreciation_gbp_per_mwh, &St NE, BEMRIAT
br:

cycle_depreciation_gbp_per_mwh, battery,

price = bidding _factor x {0, pumped hydro or hydrogen.

5 4 B EREIRS SN BT, AR MWh FTE BB IR IN RIE S —FREN A,
HAE SR AL LA 6 7,

P 5 S T

e HE P EHES A L, M D AIERERL AR AT, [Al— 0.01 &/MWh A5, & FLRIIE LA T- B RE T,
FHEARBIRM S A AN AL 571 -
merit_key(offer) = (round(price, 2), 1[is_storage_offer(offer)|, price).
HIEALHW ERERTM TR, H LR
min(real_gen_energy,, ; + alter_limit;, capacity_limit, ;).
KESEMREZRA R  energy limit; —have gen_energy; 2yt it bl Mw- I Bt &

7k, & period_hours [5#: Mwh, HZHEIEMEN S TRIRTR forecast_demand : E EFR

=T forecast demand [, HE5
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max( real_gen_energy,, ; — alter_limit,, forecast_demand) AN B B2 H NI 2
o WO TR RKANERT W] FH I ER B N m] FH &R

HERE Lk bidding factor fff iFp AT EOAR, S5 HATHIE, #ORNZARLIR,
TESR RN N, SR R max(transfer_constraint kit — accepted_mw kit 0) i
A BRI RES), FERMIOTRE Y IERHEZANH 1,

HAig R )G, DArTHREZENEEENOCRR, HetHECELHIZRESR, XOtEREdERE. o
MR R A H@, T ANXVEEL HE, IH:, vre_accepted ?@ﬁﬁﬁ'ﬁ%ﬁﬁ, curtailed A XK
REH 1, excess FRAEXULH H . Tt N\ HEITHLES 5 458 1 B RTEEE R B BE— IR 7EF-1h

I BOE AZE HIXOE B AR R PSR

HATHE RGN, ERRTIER RN T 2R FERIN G 1, HAi B A% AN a0
B, #ZHLH real gen energy TEF7RTIE 0.99, SEFREL R, &AHIINEIAR
realigenienergy'E%yﬂgg, HARV A REH &N T —H,

SN B A% SE PR TR R 5 W A R T B 70 50, SERRTE SRR, $UTERRBAN T ; HRmeiEsE
I, BT VAT, H AT T IR KN, R AIX — ELBH : BARSERR TR SR A7 SRS ER T
g forecast_demand; — real demand; = B REYFERELCMHA R XHEMKS,

accepted bids = initial running rows(generators)
for period in range(periods):
Read availability, forecast demands[period], real demands[period]
Read period external price and transfer constraint
ahead market bidding(...):
Add add energy to each hydro/biomass energy limit
Apply storage self-discharge; construct offers
Sort by merit key; accept forecast demand subject to physical bounds
rebuild surplus(...); uniform income(...)
realise period(...):
if real demand < forecast demand:
curtailment market bidding(...):
Buy back discharge, charge, export, supply electrolysis
economic_downward stack(...): reduce remaining output
else:
balancing market bidding(...):
Use surplus; buy back discharge and charge
Offer eligible batches, generation and residual imports
Export remaining surplus and supply electrolysis
Clear upward demand; record remaining blackout
Set real gen energy to zero for generators with zero final output
battery.close period(period) for each battery
physical cost terms(...): record period expenditure components
return period dispatch, prices, income, inventory and annual totals
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IR K73 3Z4% storage fee, per storage fee. n 1 * n 2 IFFRARIRACERfERE, VA -4 & RE i AN
A, EIERESCRIM AR, HEEAFTEH, [EMEE OER TR o o MmNtk izan, &
PP MINAS T 440, B E 5211 transfer constraint HY4EXHE R,

BB NRE— & ARHEIIEITE, AR RN, Fk DRI ERERL R RE DA &,
XX AFILA, valid energy N4 RTAZIEYRLTH A H /7 LRI H AT EZ MW, TGS TR 725/
ZIEHLIH _ERR, KEAIAED) FULEERIRTE, FRENEIRDAEN real_demand -

forecast demand 1 energy provided, iﬁ%l‘%ﬁgﬁé%ﬁﬁfﬁﬁgﬁéﬁﬁ, Flls= 210N blackout,

ANFEERREVER TR R AR TRSECON 10 MW A&, S 0.125 MW BT 0.65 B0R, 1%
EBEMBIRUSEITREL, FTHKOCEEATIZIE, BigERIF RN AERE, HOfHEE, A
HAHE AR RERRATN energy cell = min(real energy + rampup rate, capacity limit), FAf7 MW, $%40&
min_value BUZFRENS FIRFRINEIME: KFFERZRHA excess_energy + need curtailed energy, I
VA1 FH excess_energy; BfJS5EHT real_energy = min_value Fl green_hy = min _value *

energy_efficiency,

5% MR

TEfERE, HOMZEMRRRIRNERIG, R NAREEERNIZITX . ramp_floor mw FXE 5 A
real gen energy J& alter limit FURKAE, XOEAIHE O RERAZE, avoided cost BEHXEED gen cost,
2 FEABR NUCLEAR DEC_PREMIUM GBP PER MWH = 100, IR external price, BRI THZRBEFAL/

Bt e v FRE P HES

RS PCR S I A TR H ) POWery  Joy MENLER SIEHLB. EitHEEH,  powery
RE{EREY AL R, min_stable fractiong Shyf/MasE ) LA

stable = min_stable_fraction - power,
running = max(power — max(floor, stable), 0),
shutdown = max(power — floor, 0) — running.

REHLELE MWh S costr  SEBSER; (SHLEBUGHUHENLITK  horizon h PN H 5 E TR
fi restart_cost(horizon_h) ey JE#HEE MW EHLEUUREH R

, , restart_cost(horizon_h)
net_saving(cost, horizon_h) = cost —

min_stable_fraction - horizon_h’
horizon_h = (1 4 run_after;) - period_hours.
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SurplusOutlook.runiafter?ﬁiﬁ“i—"’l)ﬁﬁﬂ;ﬁz}a@éiﬁﬁ “ﬁ{mﬂeﬁ%*;ﬁ%ﬂ:ﬁ@“m%bﬂﬁEﬁﬂﬁﬁi” E/‘J,Hﬂéﬁ,
YT NAES I, DR REHR, horizon h = 0.5 h, TEAREH LAY 1 MW, 7
PUFIZ 1 / min_stable_fraction MW 3EAL; HE /5 LA 44 2% A R DAIZ ELBI R i HHEHLIN £,

% horizon_h > min_down_time_hy, I, B SHAEEST SRS, saving,
ERHHEB ARG 3 W ERARHHEN 2, BOSE RE R ER T, 4
horizon_h < min_down_time_h; i}, ZEHHEM AT IR /R, KRR Es

HTRGHEF RN W3Rk F ik PR RSOE shf i gy startup_cost;

*

BR B0 REETA, 2025 4E GBPMW  F/MAEH ) LLpl BRI, h
CCGT 113.7/134.4/ 155.0 0.50 6

OCGT 175.7/175.7 / 175.7 0.50 0.5

W R 129.2/129.2/129.2 0.35 6

CCGT £ horizon_h < 12 hiRAMEFNME, 12 < horizon_h <48 n NRHEEFME,
horizon h > 48 h K RH®EENME, value thermal restart vl.json 2% Kumar % (2012) HU7E
LTS Staffell 1 Green (2016) K GB EalRHII S T, /D RUSHUN =%
Elexon HURIE M SRR TR, S5 ONS CPID7BT Y 138.4/133.9  yg3 sy 2024
FERPHERE DY 2025 FFETE, K ESHRHRE —O/NG ICRAE R TN 1.0336,

RestartParameters.break even hours YB3 %% FHFREA min_stable fraction 5% 2t NS, 1% GB iz
172 H, V33 CCGT. OCGT. AWIRME 5 EMN K519 4.13h, 4.69h, 4.34h, Kk, #E 6h
ZAER) CCGT FIAERISHLEBLEA IES1T4, OCGT 1E¥/ IS M 5 h FFAAEUF IS T4, CCGT
7NV INRHMENLAT R 2% BN 113.7 /(0.5 % 6) = 37.9 £/MWh,

FE R B 4 B AR OCR 2R AIME : KR 0. 3EIT 0.5, ZKEESAEYIR 10 KUK 20 201 2.5, #%HL 3,
FHZARAIE ANFHE . BRRIEGIRY 8 S IHAE — ORIR R K
take = min(limit, item|[2], remaining),
item[2] « item[2] — take,

remaining <— remaining — take.
limit AIROTEZR] N MW, item[2] NIZATRIRIZEAL S, remaining AT NERE, KES5EYR
’i%“?ﬁ%%ﬁ@f‘%ﬁﬁﬁ, SZNCH N FR AR B e R PN e native corrected.economic_downward_
stack FUTIXEE R, FUATE remaining 224 107 MW 8 A NABFERN S
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H5. RS YIESER

W S B R A R Gt —0kr. B BT & HE 5 ERETE N AU B S E AR b7,
uniform_income KFELN power mw TS B ML price_gbp _per mwh; ~EHFMS RIFEEL SHEG0H DR,
income }J GBP, power_mw JJ MW, &5 GBP/MWh; ZHEANEHIARAMETH AR AEE:

income; ; = power_mw, , - period_hours - price_gbp_per_mwh,,

. b hbalancing . . bat . .
price_gbp_per_mwh, = max(max_gen_price,, max_ba _prlcet,kelgglapgcrts prlcek’t).

PERESRIEAINZE R, #IRI MR ERE 0 R B E AR, BRI R A 4R IR H FRLBR AR IR KT

M7 B RIS HIFRZE N “Average period cost (E/MWh demand)”, Bl MWh F5 KRR B 2R, 1%
total gen cost, hguiRM. fERE. NV ARSI, HARMl GBP/M, HiAk AN
GBP/MWh, Xf M HH[A 2% H 9 GBP:

ave Drice, — total_gen_cost,/real_demand;, real demand; > 0,
&-PT1C = 1 o, real_demand; = 0,

retained_period_cost_gbp, = period_hours - total_gen_cost,.
X—GEH BAIASLIRTR KIS MWh 28, & B IERERARIE BTR S R 5,
total_gen_cost, (Yt AMIERER. RAOLREAIENER LRSI, IEREREBRBITRG,

Yz E 2 HI%ER S gen_cost T ESEFRAR HL., 1% external price TF&EME, FPA startup_cost Fe/FzNHH
K H MWh TFE /380011, physical cost terms JR[EIZHAM generation variable gbp.

import variable gbp A sta rtup _adder gbpo o6 E#%ﬁ%ﬁ@%ﬁ%ﬁ'ﬂﬁla\ ﬁ£%1ﬁ{ﬁ*ﬂ¢§fj§%ﬁﬁ/ﬁ\
o

BEFEHSFEHL

WA R SR S RN BMLS, R, MO, RERRFAEROGE T, A TSRS MWh &R,
Wikfitss oy  accepted supply_mwh,  jpyfisidy  blackout mwhy | SipRdERA
real_demand_mwh; _ {475}y storage_charge mwh, i1 export_mwh, iy
Fsky  flexible_demand mwh, | JEKU¢RsH Yy non_vre spill mwh, g2

residual_mwh; = accepted_supply_mwh, 4 blackout_mwh; — real_demand_mwh,
— storage_charge_mwh, — export_mwh,
— flexible_demand_mwh; — non_vre_spill_ mwh,.
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R K I compatibility adjustment mwh W W r s ﬁﬁ’]d\ﬂ@@% ZEET AR A 2 AN A
R

tolerance_mwh; = max(l() B
10~° max(real_demand_mwh,, accepted_supply_mwh,)),

—residual_mwh;, 107° < |residual_mwh;| < tolerance_mwh,,

compatibility_adjustment_mwh, =
P y-adl — {O, otherwise.

FH R IR P MR PR ZE M 70 SO SR BRI, TR ERR M2 77K :

unserved_mwh; = max(0, —(residual_mwh; — blackout_mwh,)),
closing_residual_mwh, = residual_mwh; — blackout_mwh; + unserved_mwh,.

WA RE R gD, closing residual mwhy =0 ppg, [F—4ER S IR ORI B L —
KM, RSSO E MWh; 45 6 SRS TEIIR—X, B2IEIRS

FERE SISO MWh, ERESTICE, KOLFH, EXOEHEE. B, IR SR,
PRI R & HARNRZASRE SEPR A S B REHLIR G AT — 8, S ERRIREE TS 6 AR
RGN,

6 FERESKA

VALUE SMERVEE I —IRERA B, SFERESHERE, BITRHS ] HAREFREE,
FEIL TR, FRUERTIE A B NSRRI, (E5E TR SONMERST™, AR THR f I RZ S LA,
R, BN KSRRE &,

FEBMASHEINF

EERIA Yearstate RIEFNT. TEZT™. XN EFIERE A MEHE, BT HH L MW Ry
capacity_mw, fEREIRHH LA MWh FIRIY energy_capacity mwh, FFICSREIR, HIXREE TR, E5FF
B EEAR total capex_gbp. 4 JEE [ E 2% annual_fixed opex_gbp. EEAR annualized capital
cost_gbp. il economic_lifetime years, ZLRMIVEEUNZERR preferred rate A1 HFREIHHA
target_payback_years, 5 2 BELAHYNIEHIAH,. WHE RS HAE,
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T B 1E Y A T ERTI S, SchemeCPlanningPipelineDefinition.advancefyear3%?Eﬁzﬁfiﬁ%fﬂ.expectedi
completion_yearsstate.year HJUH A & MATFFERIMALERNAH, FHMNERTEIRAIIBER, F550TH
IUE R BEAEBAS I, KEITE RN RS KSR A ST # G 1%is, RIITE M ER A BTN Z,

Uﬁﬂ%?téﬁfﬁgfMarketYearResult, 10N market, BHIILSEHESCPRAR K. CRRMANXOLR A, FEREFSHA.
{FHEEMNK, TSRS LR MWh ST, BEEHE RHIIRT HEERY A LR, &% E.
MRIEANS R —ERAS:

advanced = planning.advance year(run, state)
model input = psm_input factory(run, advanced.operating state)
market = psm.run(model input)
headroom = []
for slot in sorted(expansion_policies):
policy = expansion_policies[slot]
headroom.append(policy.evaluate(run, advanced.operating state, market))
investment_market = adapt market_ for_investment(
market, advanced.operating_ state)
decision = investment.decide(
run, advanced.operating state, investment market, tuple(headroom))
decision = inherit_frozen_ zone shares(decision, advanced.operating state)
admission = planning.admit projects(
run, advanced.operating state, decision.proposals)

H A advanced.operating_state A 4ER] HHLZH, headroom NEFARARIFIEMIT MW, decision ELEHT
R RS %R IB% &, admission.next pipeline Bl E ARSI NFIIRMERNTIH, WALl %% 2—3 %=
WP RINIAH, 55 4—5. 7—8 B MAHE IR, RERSHEHMATERT,

A=A SEERIMA

R R AT A IR AR AR 74 L, build asset economic extensions 152HX A GBP 3R/~
total capex. PAEFRRHY life M discount_rate, ;?4?'annualizedicapitalicostigbp=totalicapexxcrfo
crf=capital recovery factor(discount rate,life) fEFHZE 4 EAX, BRIAFIZEN 0.05, KHEEANE R

DA GBP/MW BANIEHT, MBREVEAS S EIE4ET 24458 2 EHEOR H R A RIS ReRE R T 2L ati T+ 5

FERANATSIER G T BRIRZE . LR T total levelized capital cost gbp ELEFILEE
AREEEYES 2R, total _operational cost_gbp flESEFRIZTT Y, Native FYSERRIZ T HIZE 5 BEAH
S5itO% A, EHEETRD narket.voll gbp per mvh (BRIA 17,000 GBP/MWh) , DA BERETEIRTIHL
o AT FUAHEP VRS 2 A BRI T, IR N, 4R B8P~ I BE A S [ e 4E i 2 E
FEGTIRIK
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KRG AR, SR FERERYEE e SN O S TE AR, sl SR 4Er SR N 85
B, BEAERMAUKER existing stock compatibility capital gbp WA RS, KHEEELEF RS
CLIZ 28 1 TR TR 2 FH I A AAS S0

build cem cost ledger Vﬁﬁﬁ)\gizﬁfégﬁiﬁ capital, FHH excluded FIFR_LIRNR RS0,
network capex ‘—? network fom ﬁ%”jﬂﬁglﬂlégﬁjil—?éﬁyﬁﬁ, operating_sum ([:E'\%Iﬁilﬁﬁé??ﬁ)ﬂo PA

AR BN GBPARAUAE, demand. blackout 55 served N4FEE MWh:

network resource cost = network capex + network fom

non_network capital = max(capital - network resource cost, 0)

excluded = vre_storage fom + compatibility

headline fleet capital = max(non network capital - excluded, 0)

headline capital = capital - (non_network capital - headline fleet capital)
system cost = headline capital + operating sum

served = max(demand - blackout - a2 hidden unserved mwh(market), 0)

vre_storage_fom 5 compatibility 73 AllR1ERULAKEE LY 2 K O AR AVK B AR & RS,
a2_hidden_unserved mwh MAFEJERER-F-HIMK REGAIIMR AL R XK 1D RGBSR LN I, PR
IREIZE, HiHA cem system cost gbp=system cost, CLEFERMIER, cem system cost gbp per mwh
served=system cost/served; CUEFTRRNZN, B MWh BIARRZS, M, BORER., BIEKIEX
HERIRMEHNICK, BT3RS HZ LR il

FEVMANSKREDH

BERPHICERR — TR, BOARRIX FEAERERR ™, FIRGIRKIREL investnent_owner_id.
source agent id FIEIE AR, FRICH investment eligible=False MR =SS NNAE, HMAA#K
H"HNE, SchemeCAgentInvestmentDefinition.decide i el Ind=1i0] (owner, technology, region) JIiFi o AL PR 4%

H,

B ERAAE T&E~NEET AR, Native 125 5 BT IA BB S BN N, FIRE
HIZ5 5. adapt_market for investment #%1ERX MW Z3Bl: allocated[asset.asset
id]=incomexasset.capacity mw/capacity, JF:HP capacity J21Z% TR MW, BEREFEALRE =K 12 H
I ARG TR

KRBT AFIER A BB IR DA L, BARE BB (A1 2R, B57° [ agent_cashflow TTH2{H
generated_mwh M PUI GBP/MWh 2t [, FEFIAZIK operating cost gbp, ZHNILEHN operational, KUHH,
YeIR, = ZEHMANENERER H operational=0, f#RERTEHIMLAEHCICKAY HATS PO, BEEES
CRETY H AT, RIRAERFHEAMEESEHNE, T IHFEE 4P A EiR4S B RS IRRARK
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B capacity ILETER MW, income {CEVAEE GBP YZN, replacement JCJE total capex gbpo AL
AT cost per mw 5 GBP/IMW, roi NIEEHFIRANSEA Z L, payback HFEEL:

net — income — operational,
cost_per_mw = replacement/capacity,
roi = net/replacement,

payback — {replacement/net, net > 0,

0, net < 0.

HERANER, roi=0, 4 abs(net)<10-2xmax(abs(income),operational) i, K net BE, PAKULFE
HIES I AR =4 Z(E, preferred BUR R E A preferred rate, life BURFEHY
economic_lifetime years, target payback B/ target payback years, HRICEZ(E A% 0.08,
25 A life, WIMABRIAGS P MIE R AP, CCGT Ml OCGT WY HAREIUHIZ Ay 25 4F, HARWMEWE 2
B, RIREREN roi 5 payback FLEREERE R NS,

FEXBSAT & LR

MEEHDEARY A2 RIGE S HEOR AT ) hZkBR ], 7E canonical psm _data A1, demand JF/NFEK
MWh, period hours=0.5, availability NJCENEIAH SIHHZR, capacity by technology[technology]
NTER MW, B AR S 3 BERUHLBTHNLR, e RIEN peak, AR HITHEMT:

peak = max availabilitylt],

max; demand|t|

headroom[technology| = max (0, =
period_hours X max(peak, 10~ ")

—capacity_by_technology[technology]),
limits[technology| = fraction X headroom|[technology].

SchemeCVREExpansionPolicyDefinition.evaluate M expansion.vre cap fraction T2HY fraction, EONN
0.20, JIR[AIA MW FRIRHY limits, FHKIE{EA 1,000 MW, peak=0.8, fEFLA RN 300 MW H,
headroom=956 MW, 4EJ& FRRJy 190 MW, HHZRIEECN TN, J-REECRIR 1072, SEfR. i EXAES#E B
METFITH RS E LR,
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FEfERET B LR

fifREY AR E ifRE TGRSR A S, corrected storage headroom K

storage _headroom_inputs HRY leftover_excess_mwh e} leftover, HIGIZHH vre _accepted_mwh,
real demand mwh A storage discharge mwh THAEN vre, demand Al discha rgeo IXUEELLH 15 R A
MWh, HrilfisaEr] AR BEE S RIRTERER !

excess = max(leftover,0),
deficit = max(demand — vre — discharge, 0).

FEAURERESS IR TS RHZE,  simulate virtual pool M soc=0 4R, HY power mw=10° MW,
energy cap mwh=10° MWh, FHEAFIRHZ rte=0.98 £HREH T FSHEMI, PERIOD_HOURS=0.5, exc, dfc. ch
Ml dis AEH MWh, BHAZCFEH, FEHCR:

max_period_mwh = power_mw * PERIOD_HOURS
soc = 0
charge = zeros(len(excess))
discharge = zeros(len(excess))
for t in range(len(excess)):
exc = excess[t]
dfc = deficit[t]
if exc > le-9 and soc < energy cap _mwh - le-9:
ch = min(exc, max_period mwh, (energy cap mwh - soc) / max(rte, le-9))
soc += ch * rte
charge[t] =
if dfc > le-9 and soc > le-9:
dis = min(dfc, max_period mwh, soc)
soc -= dis
discharge[t] = dis

FEHEEERPL 0.5 h J515%) charge mw 5 discharge mwo, aligned max_mw SKFiScHhZRy % /D8Id min_hours
AU KIIZ, hours_above_power (power_mw,p_mw) i/ # & T p_mw ATHAKOFSE 0.5 he 2R 5T peak HL
7. WCRIEEPEUNE, IBEANE, SiEmTENECN RN, S585RNF; nin hours<o IIR[E] peak, *f
ALEFIIIER K, M lo=0. hi=peak JT4E, AT 64 IR "% :
for _ in range(64):

mid = 0.5 * (lo + hi)

if (hours_above power(charge mw, mid) >= min_hours
and hours_above power(discharge mw, mid) >= min_hours):

lo = mid
else:
hi = mid
return lo
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aligned utilisation spectrum 73 BITE 730, 365, 52 F1 0 /NEfSRA#E, 152 mw 730, mw 365, mw 52 Al
mw_0, HIXKITHIARELI A MW £
daily = mw_730,
interday = max(mw_365 — mw_730,0),
weekly = max(mw_52 — mw_365,0),

seasonal = max(mw_0 — mw_52,0).
i daily TFh daily loop, b interday 174 int raday, corrected storage headroom REHE LA
intraday, & power room=max(daily+intraday,0), }JF/?\ power cap=fractionxpower room, 1lc battery.
0.5c_battery fll 0.25c_battery 73 AlIZRIFIX —FAR LR, SAEREIRTS hydrogen
cap=fractionxmax(seasonal,0), fraction HXH expansion.storage cap fraction, ZKiA 0.20; BIRERE

BRARBAEAR 25 R [ S ATIR NP (58 P SR O3 A% _ERR

fERETH LI 5e 380 17,520 BN B TEREFE LG YRR AR 741, Native AR BLIZTFH, N FHEUE,
WK T 0.5h, SWDMZRIERBEERFSIN, (EE LRRREIE, 2B, LP 8 DC AR AHIFELR
BRDZFPAIIN, X —INPRERER DS LRI ZE

BAHARKH investment_eligibility.json HUEAIHEATT . R, Fli B, i B XU, = 2RHEMHIANES
fi&RER ] headroom required; CCGT. OCGT. gas Al bio and waste X explicit uncapped, MZHEAE
MBI E MR HAR ST, MK EREAR I 2Kl gt s 0l B HERE ;8 FH A=A X SE RO AR R %
RE,

FATY BN S BB NREI S I caps (R1FI%ER/IME, LA remaining caps=dict (caps) AL,
ﬁﬁﬁzﬁﬁﬁ?%éﬁ%ﬁ@lﬁMﬁ”qj, Rﬁi’@&ﬁﬁ%ﬁ%ﬁ@%ﬁﬂ%ﬁ?ﬂﬁ remaining_caps, lﬂig/l\g%%
ER] DAEIZGE Rl — A S AR AT E .

Y —HZE =2 net<0 H. cost per mw NIERS, ZABKITHE, BREZHNINE MW BRI, Hig
BRRE) MW LEBI 3, HRTHTE roispreferred ISR Invest High, HBIITE
paybackstarget payback INpries Invest Profit, P apashvte Do _Nothingo PR PR IE K

net/cost per mw, HERIBES VPTG EN:

_ , . lnet| X target_payback
requested_retirement — min | capacity, )
cost_per_mw
requested = net/cost_per_mw,

addition = min (max(requested, 0), max(allowed,0)).
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1F head room_required —F, allowed=remaining caps.get(technology,0), 1EMY addition ?D{)&lzﬂ‘eﬂf%%’ﬁfﬁ,
b explicit_uncapped —F, allowed=requested, Do Nothing. JEIE A AR HAIAELE addition $/74E R
Wit A R, fla, —4 100 MW SEIIA 1 {CEBEEAR, 1,000 7 HEBEHFKN. preferred=0.08 1 20

MW ﬁ”%ﬁl\ﬁ], M| roi=0.10. payback=10 . requested=10 MW, FRKI A D2 B FH AT HIHRZEN 10 MW,

HIAERERAHNRER S IR Z I, MHHRERA R, duration=sum(asset.energy_capacity_
mwh)/capacity, RN/, $EZRBEEN proposal energy=additionxduration MWh, fRRETTFEHITY
RGEARSEG life Wi, AEMBREME TYEI 2894 fixed omxaddition/capacity Z7HC, fBRERA M4k 2%
FAHARER, REEEEEINR, EEFEERASRSIE NZ TR SH, 2 XIBTTHI inherit_frozen_
zone_shares TZR AR BN, LA HTHGHEZE M EL 73 XA HL,

g K S ML IhER

BFITANA T2 & M Application Submitted BT E&#EARK, #IEEENFKE development stage timelines,
repd status to timeline. success rates Al timeline statistic & llZ
state.extensions["planning parameters"], E?iﬁﬁ}?[ﬁ?if@)ﬂﬁ%ﬁo endogenous_planning terms 4R

£ technology. owner fll decision year IBUXLES%],

BRI R PLEC AR, JEtR# H Solar Photovoltaics, i b XU F] Wind Onshore, #_F XU
Wind Offshore, i FELHA FEA#AE {# FH Battery, Gas. CCGT. OCGT F14¥5i{# F Wind Onshore,

hydrogen_battery f# f Solar Photovoltaics, MW EIHEN solar. onshore, offshore Fll battery,

[ B R TR LT H [ XIS months,  timeline months i & 152HX Application Submitted Y= I HI V%% ;
planning.timeline statistic=mean JEFEMHNIIE, B/DIZEARN KR sotar, S/ S ISEN R
RN, AR ARAETE, B85 wiamE RN UL 2 =,

I BN K E HEIRATRER -6 2 +6 D HIRE, model project key(owner) JX[H] Model Decision:
<owner>, stable_int hash B MD5 G55 16 N7/t IALE AREE, DA RIHTESE|E T4F, round 1Y

R EUE BN (£ 58.5 1 H & A\ 58:

key = model project key(owner)

jitter = (stable int hash(key) % 13) - 6
rounded_months = int(round(max(1l, months + jitter)))
year = int(decision_year)

source _completion = year + rounded months // 12
completion = max(source completion, year + 1)
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2K completion 74 expected completion year, AT H B RAERE RKIRERIZ, 1% public2 S48
7%, 2025 g E XA SEAE 2033 87 2034 52T, Ffi BXUFRALE 2029—2030 4F, JEIRTE 2026—2027 4,
Y SE LI AE 2027 4F, KEEAE 2030 4E, VALUE 101 %5 THA, 2025 fF1E%1F 2026 %18,

TR R AL EORIRE 5 HIX RE,  source_success_region REGARFIRi b JXUER, 324444 H B35 T LSt Dy st X
Nottingham—East Midlands. Ipswich—Eastern, London—London, Newcastle—North East, Manchester—
North West, Edinburgh—Scotland, Portsmouth—South East, Bournemouth—South West, Cardiff—
Wales, Birmingham—West Midlands, Sheffield—Yorkshire and Humber, 97 offshore fY 3 &4 ML K
All Offshore, H:RFIABLE England, success rate fRIZCRAHVCHECHIXAE, X RS HIX D SRNE R
EIMEH 0.75, MERTEEN (0,11

public2 A _EXEMEZRZ18 0.917, [l EXUHEHIXAEZN 0.22—0.71, YEIRZ19 0.84—0.95, i Hth 3=
RIE R AR IIME R ) 0.873, KETFARRHL] 0.547, VALUE 101 FOIIEERN 1, IXEHER{EHTHEHE
ZEHEAFRRIIS B FH

2RIN planning.success_mode=expected Jrir e mode=expected capacity, B capacity=proposal.capacity
mwxprobability, REEAVE. SBAA. FIHEALS L EE 2 H RN e DUZMER —IR, HANHME. FFan

SR SR RE, FHRSNFEARE, FEFEMTE HERRERERAIBT,

planning.success _mode=stochastic Junes mode=seeded_stochastic, TERAE TR BB AR T R R I 240
SEREIRR, seed KH planning.random_seed, BN 0, IREMRIRGES run.run_id. RRE, BRI G
BRAMNTIFEN TS ; MR A AR MEE, DB TR SR IXE:

proposal_id = f"{run.run_id}:{market.year}:{owner}:{index}"

digest = hashlib.sha256(f"{seed}:{proposal id}".encode("utf-8")).hexdigest()

draw = int(digest[:13], 16) / float(16 ** 13 - 1)

success = probability > 0 and (probability == 1 or draw < probability)
capacity = proposal.capacity mw if success else 0

SchemeCPlanningPipelineDefinition.admit projects FERTEI E AN S B2 RS, E@iﬂzﬁ:}%ﬁlﬁﬁﬂ',
FIAITE N 44N commissioned:<project id> AP, FHAREAIKIME MW, MWh, TARMZGFTE, 2
N AWINGERTTIE hydrology profile id. capital cost scope=new build il new build cost source id,
TEH7J<%§EE%5K site constraint_id '—5 energy_capacity mwho ﬁ)&&"ﬁﬁ?ﬁﬁﬁ%ﬂ,ﬂﬂiﬁ E?Hﬁ@iﬁ:ﬁ)\ﬁ”#?&
iR,
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KSEMSEERHL

ﬁi%&ﬂk§§7<_‘fﬁE@?§§§5§§§E%§§o SchemeCStateTransitionDefinition.apply‘§>next;year=current7
state.year+1l; JREE = BAMY model unavailable from year BfEEIER:, HEHE 141 KIEKLEIHEE,
resize asset economics KA E NRIENE, FERIRE - ILHIZMEERD &, BEE4EF 2 S5 %R A
new capacity = max(capacity mw, 0)
ratio = new capacity / old capacity
new_energy = old _energy * ratio
total capex = (capital cost per mw * new capacity
+ capital_cost_per_mwh * new_energy)

annual fixed opex _gbp *= ratio
annualized capital cost gbp = total capex * capital recovery factor(

capital discount rate, economic_lifetime years)

H capacity mv NFEHBEFIERIELRE, old capacity 5 new_capacity & MW; fiREM old_energy
5 new_energy & MWh, ITHRZEARN N ERALEN FEIIAFN, total capex BURTIAIE ratio, i
RAEBNEN, BrRESRN retired, T4 THEAMRLERIBCHRIERIME; BN HZ TR
(R LR BRI R fE,

R —4E Yearstate fl SIS~ admission.next pipeline FIAAEAMBRE AMEI(E, transition state
[f] transition.apply IR CHISHIA, LIHIRATIIHFEFSHNSME, WHFEMEMm— Yfikae
R 4 WO TR, SRMSERA NS E,

FEMPNOSEERRE, A RIEA, BORER, BHEERE, MAEAN T —F5E, SOt
MWh BTG FIRMKF I, 58 9 B SUB T 5 BEHIR.  fERERKIC ¢ K AT el 28 ISk, 18
WFFEHAR, report only JRFIFRZIRAS, pipeline tail HEHCAEEIZAFIFFAIIIE, full extension 4k

BUER BT H R

7 RS MBI R

DXBEREENZERTR

7y XA 2 H AT 2 JaiiE & X RIAE, Hreai TG, &0 NRATC s e,
FERETEAI R 7 XK, ERIRA S D A &, SERMA RS 23 Dy XH 22 FKIHEER; b
DC 5 AC J5 TR IS .
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JE[EJ 2540 A\ H value-uk-research-suite-vl-public2 $2fit, zones X 53[X, corridors 4t A FIEERE,
cutsets KERRITG AL, ratings ZAHITZEIREN, asset-map JECRIRNIE, demand 5 HI 73X
MWh, interconnector-landings Z3BCHEH 85 B X I8, B6 F1 B7a BRI & 73729 6,700 1

9,400 MW, ZA7EM 2025-2034 AL BARFHX LA & [FH s

BN BIZE BRI TE.  zone shares with source JCHY frozen zone shares, P asset id PUAC

asset-map, FH/SVLAC interconnector-landings, /S AME—HFRN is_unconstrained fallback HY%3 X,
EZRIE 107° AENET 1. BREFLOTIRANSXIOENTT, Ml HEhR, RS
URPEFITRIZTER, A HITIR B R AR BE TAR,

e RUR LA LG Fest e S LS AR, B CCGT. OCGT. AWM. R/KH., &M, fERERED
7IBCZE ENGLAND FALLBACK, 1% sUEEHE A BRI Iz i 70 X, PSR AR BRI AR R I8 IX — R A
[EEX, Hr@iiERA ELE B6 DALY Torness, HEMBTIRAAFRRA import:<country>, EXFlizRH
interconnector:<line>, FHAAFRIRVCHCA HRAOX EEBETIAANBLRIX, XEE3ECRE B6 F1 B7a LR Hf
FHEIDXIRTE o

T oRIGRBFEE R 2 EFN B, align_zonal demand fE 23 XA FRH LR BE LS CLIY 7> X (08T, H4aiE
eEERFR, A aligned. output real. network demand mwh by zone il network national mwh B0
MWh, XEFIE Fhrh 2t

output_real,

scale; = -
network_national_mwh, ’

aligned, , = network_demand_mwh_by_zone,, - scale;.

Ra— M XREEFRBEATHSXEDEIER. WN2ESHIINER, 4R8I 1, 2EFERS
SKOMIERS, M8 REHNIE, demand_mwh_by_zone S5¥E/ AL E, SEim Al FHZF0 Bkt H M BRAT L
CIBE AN ST] L1

Belit% SEERG

m%ﬁﬂ%*@%ﬁﬂI\Eﬂﬁ‘?ﬁﬁﬂiﬁ%*ﬂ?ﬂﬁéﬁ%ﬁgﬁﬁﬁﬂﬁElﬁﬁﬁ“&ﬂo _ahead offers % capacity mw *
availability * period hours e AR IRATH MWh, A ] B 2% F 3 market.bid multiplier,
BRI 1, (ERER IS BRI 2[R S soc * discharge efficiency FFV/IME, M8 bid_price_

gbp _per mwh(0.0) Fe[d] — 52, clea r_ahead St price gbp per mwh, % offer_id EHFJJ?, BiREEgA]
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FE SRR MWh 1980IME; FISTREZLN 1e-12 MWh SRS IRINMFERINEE R, RIGEMNIEH
THAEEHE,

HIEVETE R DA schedule mwh by asset NS, flexibility bids Bfn] R I RIEM EER N A
MWh, Bt RIEIR A NE MWh,  EIROTHRS RIL R 2% FH FE ma rket.bid multiplier, network-

economic-v2 NYARNIRFERIAEL 1 Y market.dec multiplier. FHEIRBR 728 H Sz E R IEFIIME :

¢ TGS, GBP/MWh

RRLK HFREA x FVRER - BORH A

it A TG < FIfER

UL, AR G Tk — PO R

25 HFREA x FVAREER - BORHEA - Ve

resource_dec_price M market.policy support gbp per mwh by technology IZENBCKRZH72RfH, BRIAEE;
M network.inflexible dec premium gbp per mwh by technology iEXFI{E, AZHERIA 100 GBP/MWh,
BRAMAED BUR T MWh #5E% running mwh 5 shutdown mwh, J&3&<E T RIE 3

min_stable fraction, thermal dec_segments {fF TMENLEA MG, FHA%45E 5 B net_saving FIEE S
REGENEE N, FUHSEHLN ] T A 2 5l 3 DAR Bt = 32 452 R B XU R AZ L R 8 78 o 0 75 SR I B,
FHAKEN period hourse T min down time h HUMSALEL, HATMEEUS T EFIRT HABEE N AMHEAL
0.01 GBP/MWh IEUEH /N E,

{ERE VAR A 78 25 M AT B B 2 T L B FE FE 28 K, maximum_discharge HY discharge power mw *
period_hours 5 soc * discharge efficiency HV#/IME, _LYEE N max(maximum discharge - scheduled,
0)o NIRRT MWh Ill_E I B 7e DR BRETS IR I B A bR PAFE AR B9 IMEL

storage dec_price IBRE LIRS, IZIMMSRIEIRRCR, WAl KA A _ BT =& Hie/IME; B
e BRI A E A S8 =00, A AR CIRRES AR VAR AT, rAsEH DTS AR SR 70

FEREM initial soc_mwh JFUG, BEHIRMIEHVESL SOV N —HI0ME, K HEMEERYIAHES N R

RERLR, BRnGENFPZRINTE, RERLEA, FEHE. RHE, R, ERRE. ReRRS
48
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HEBIRSIEITAR

FHAEMRUOGR G N ERNE AR : BEaRrS FHAIRT S, TR, A E A 2 2 BT
singlePeriodProblem ¥ HARREELLHIC N primary objective, secondary objective,
physical tie objective fll stable tie objective, #¢HARMEIIT N EEH 5 ALK A E vatlues KN,
5 M solve lexicographic JR[H],

PUR AR R AP I EBARE . bid:<bid_id> NARTRNIRINTEE, flow:<corridor_id> NHiF7AIE
’E‘I?EE%, load-shedding:<zone id> jﬂﬂi(ﬁjﬂeﬁ%*, storage-charge:<asset id> 5 storage-
discharge:<asset id> AFLMIFEHHE, absolute-flow:<corridor id> FRHilERRLEXTIME, BN
MWh, ATRIEH MRAREXLEEEIRA,

F—HInAR M7t A, V&R price_gbp_per_mwh, NARBUZFFINIMEREL; HRALEE
voll gbp per mwh, ERIAMME N 17,000 GBP/MWh:
T . values = Z price_gbp_per_mwh,, - valuesp;q.x

k:direction=up

primary_objective

- Z price_gbp_per_mwh,, - valuesyq.

k:direction=down

+ voll_gbp_per_mwh - Z valuesigad-shedding:z-
z

F_HIETHERIR R SRR, B =Hi e, BEENGERAL S R 1, FINAEERE I

RO HISEHIRLE, physical dec weight Txadijﬂ:ﬁ*iﬁ, bid dec rank IEFER R

INLES B
IRRII =L 0
HEH 0.5
Rk 2
AR 3
PR AL, 3.5
ZH 4

FE T B/ MEALN TRI R ERR AT LA B 5
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[ —XHA, B emRER, fEREFE R TIRRUKAE, KO N, RIS LE AL
TRz G, Bl BXE, KAERNSERRERS. H—HRARGENTE, BP0 E R
fetr. ERR. XEFIEREFRIRIVIEE Y, MRIRGZEEMA 1, 2, o

B R ZOENE T HATH- R0 77 MR, final dispatch mwh by asset 5
schedule mwh by asset ¥4 MWh, &35l k FoRiRfr, H asset id f6§EXR” a ,
asset zone id by asset fBEERX 2

final dispatch_mwh_by_asset, = schedule_mwh_by_asset,,
- Z valuesy,q.x

k:asset_idy=a, direction=up

— g valuesy;q.x-

k:asset_idp=a, direction=down
7 X SFEEDR AR A R /R Mt BRI from_zone_id 5 to_zone id & :

Z final dispatch_mwh_by_asset, + valuesioad-shedding:=

a:asset_zone_id_by_asset,=z

— Z valuesfow; = demand_mwh_by_zone, + Z valuesgow:i-

l:to_zone_id=z l:from_zone_id=z

WM RN EN TS bid capacity Z[E, MW fRI1FE period hours = 0.5 GV HAAIFEE, GLEENT
FE5HXFERZE, REEANTES realised availability mw by asset FEIfEHKEZ R, BT

)\fl\ﬂ:ﬁlﬁ/ﬂ export capacity mwh 51FEm import capacity mwh Zl‘Eﬂo

[FTARERER 1L R] B iR R LB e, IR HRAMERXEL T5E. MRS, TEEE
KGRl _forced down by bid J&7)HISEFR AT HIZR B HLIREGRAUE KR A5l MR, XHPNER T A
B R, KBERA

free = bid_capacity; — forced,
first_free = bid_capacity;, — first_forced,
(valuesp;q.x, — forced) - first_free = (valuespiq.x, — first_forced) - free.

B S R I R BB BRI /T A& THR R, coefficient NIRRT MIZREL, forward capacity 5

reverse_capacity J¥ MW #i A5 5 HI AR MWh:

—reverse_capacity, < E coefficienty; - valuesgoy; < forward_capacity,.
leb
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BINF RN R &, B R B A& B RR AU — D BRHIZEBE, absolute-flow 2/DEFIE. AR
[ ElE, Fit, B6 K 6,700 MW 1E&E/ NN 7 3,350 MWh, it/D B B BRAT Y 8 B 1552 43 X S8
JBILFRLTH,

fi& RE A DASE PR S i FE B BTN ERE 77, opening BXH initial soc_mwh by asset, capacity HUH
energy_capacity mwho HAERETH 2

Valuesstorage-discharge:s - Valuesstorage-charge:s = ﬁnal_dispatch_mwh_by_asset8,
final soc_mwh_by_asset, = opening,
+ charge_efficiency, - valuesgtorage-charge:s
— valueSgiorage-discharge:s /discharge_efficiencys,.

FEED RN TZ 5 N H#RTE period_hours Z[Al, HIREFEN TEG capacity Z A, FEREMRIN R
convex_net_power_v1, FNFHIEL %, THMEELZN LIMEMN 107° GBP/MWh, HAR
FMEEEZH 10°° MWh, HIREFENT 1, 2EHIGHERNM R AT b
{EL
PR IR H S RIN AT 3 B E, resource_cost_gbp_per_mwh_by asset FEXRF=IEMIRERTEN, HlH%
VoLL /i

physical _resource_cost_gbp = Z max(final_dispatch_mwh_by_asset,, 0)

-resource_cost_gbp_per_mwh_by_asset,

+ voll_gbp_per_mwh - Z valuesioad-shedding: -
z

MR LR B R AR G B N R, BERERNIZFUE R R —ZeEMXI LR, solve network free
counterfactual PREAIRAT. HIEIER] MEHORAA, (EREVVERLUH, BREMSENDRIERE, AP
BRI R LIS e RN 2RV IR ], HACR M RIGPRS A, (ERETEIAT IH A i DT IR
B, S AR AT TR RS H O

F—HIRNZERIC N network_constraint bid objective gbp, ORI S AT SR E
physical resource cost gbp FORE PR
HEXRBSIAFRIATNE

*%%%E%— H ﬁ‘ﬂ%ﬁll%ﬂ"]ﬁk %Eﬂ%, ﬁlﬁ%ﬂﬂq&' H@ﬂiﬁl\ﬁﬁﬁo lock primary shedding E%*m&
iR FL R B O BN RS X R FREE N E, HRIGOLDA L —RAUMR G & Ty E5R,
bid cost coefficients TR — 2R SR AH FH V4B RN 2% FH 22K
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il

BRI R HBEEUE R AT B %, compute_lock_tolerance BEEXHFRAREL coefficients. HiK

fILfe optimum, R unit floor FIHRL solve r_tolerance, HHE

absolute_term_scale = Z |coefficients; - optimum,|,

2

coefficient_one_norm = g |coefficients;|,

(2
nonzero_terms - epsilon

gamma_n = >
1 — nonzero_terms - epsilon

tolerance = max{unit_ﬂoor,
solver_tolerance - max(1, absolute_term_scale),
gamma,_n - absolute_term_scale,
coefficient_one_norm - solver_tolerance}.

nonzero_terms NAEBAHEKE, epsilon WHLEKERE, A XAEBGEHRIA L GNFINBEZ R
{H, ROBALRGTRA 107 GBP, BAKMAEN 1070 ; Mwh B TFRY 1077
MWh, RIEAZE RN 107° NSRRI 1 GBP, [ sRIRR BRI TH AR _E5L,
HIGHS W ESai i m WOk E, FaS@azEssh 1070 | B&SR, FERARTRRHES
ZH 1077

for period in the half-hour chronology:
align_zonal _demand(...): obtain zonal demand
build single period problem(...): build bids and physical constraints
solve lexicographic(problem):
minimise primary objective; retain primary boundary marginals
lock primary_shedding(...); bound bid cost coefficients(problem)
minimise secondary objective; retain its objective bound
minimise physical tie objective; retain its objective bound
minimise stable tie objective; validate solution(...)
solve network free counterfactual(...): compute matched comparison
record actual injections, storage inventory, flows, shortage and costs
pass final soc _mwh by asset to the next period
return all period results

HFIAFRMERR S — BhrHME I A =N, bounda ry_marginal values TEXE N HARZT SR AT IZEUE
I BATHINEB(E:

value_gbp_per_mwh;, = marginals e row, — Marginalse, .14 row,-
JBFMME IR BLIEFRREAERL, o b R AIRRAVE S, 2 MERGG L= BN, Al 240 #)
P B[R] — e (Ui, AR IR ST T EL ESRE i Mwh, (N IZERE,
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BERM4EiEE

Him M BRAE e RN BB ER A, GBI TR R EM M, ReferenceDCNetworkPSM 1E layout
HgEENT generation, charge. discharge. soc. blackout. angle Fl flowﬁ%ﬁ%, NRIFHIXLELFRRR
HME, AT MWh, angle AINE, flow iy MW, BEiE. flifE. TR, SEEAINERSN

i,8,n,l,t | marginal costs. variable degradation gbp per mwh discharged Al voll gbp per mwh Yy
BN GBP/MWh, [EIE2EHL R HYIBT>C N

min Z marginal_costs, ; - generation,
it
+ Z variable_degradation_gbp_per_mwh_discharged, - discharge, ,

s,t

+ voll_gbp_per_mwh - Z blackout,, ;.

n,t

E%%)ﬁﬁ‘?ﬁ)‘i expand share _mappings Tﬁﬂﬂ%1ﬁ§@ﬁﬂ'ﬂﬁ‘ﬁ$ﬁo Iﬁﬁﬁﬂgﬂ%%?fﬁ share /Eu\ﬂ‘ﬂﬂ
1, TZOYEGECL AL, (EREFS IR, FEABMUIIERE, KSR T Y RIAEIXERTT,
%R LA, VOLL B2 market.voll gbp_per mwh, ¥RIA 17,000 GBP/MWh,

R SFIER period hours RSB UIRICHHEE, NTA n _EAYEIT,

Z generation, , + Z(discharges’t — charge, ;) + blackouty, ;

€N SEN
+period_hours - E flow;; = demand_mwh_by_busnyt + period_hours - E flow; 4.
l:to_bus=n I:from_bus=n

BRIE SN capacity mw. share. availability 5 period hours HUTRF, fEREFZHE EIME A% S 8
ERIFEREMERLIR, FEAEERN
socs+ = socs ;1 + charge_efficiency, charges’t
— discharge, ; /discharge_efficiency .
SRR DO E R, S5 T HIREFRIIE AN, BREE HAR. A allow_blackout i, #REL/TFHE
AR, WARMREE T, wRTARGT (01 JakRstaEs.

RIMER IR S 20 R A8 R F A BA Y SR T A A 220 base mva BRIA 100 MVA, tap ZKIA 1, phase ¥
phase shift degrees N E

base_mva
susceptance; =

reactance_pu, - tap; ’
flow;; = susceptance; - (anglegq . pus: — angley, pus: — pPhase;),

flow; ;| < thermal_rating_mw, - circuits;.
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RN A B, FISESCETUE AR, BMESINSE - M EHASE A, HARHEA0
T lomwl | BRI, L LR DA I R A T PR Y AT

HiGHS TE—IREEMMIF R AETIN B, FiaGxHBRER 107° | SERE&MRIRSRT A%
REEELN 1077 TR P EES H GBP/MWh JAFRIBITIHE, RATRIEIEFRRMN
o EAG eI IR L. BREEAE, 19 RS RIS A &

ZRAITIEIT R

RS R E AN RIRRSET. WAL HESIEHFE R, KENEIMIETRA, BRI
T XHFHPTS e EN, EE AR, BAETEER MVA BUEE. &0 E — P,
PV RV RECE A FAL, TRl R B R AR R ROE . (BRETZSA E A DI FE T RIEA T,
PQ T AR EH P 5 AR R IEEAIAR A PV T Rl EE R IRE A A T AP &l e F
JEIREMZFMAA, FHPE e,

WREYIRAREI LT S FAEMETTR, vm IPRAHEIRE, theta NINE, voltage NEEHIRA
HLE, injection AYSEHEFFIE R0 MW, Mvar, ybus 4 base_mva &/ FHIFRA S0, jz ==1

voltage, = vm,, - e/ thetan

injection,, = base_mva - voltage,, - Z ybus,,,, - voltage,,.
m

R n BUBHPTR R, _ybus # resistance pu hn J % reactance pu JE BB EARE] series;
charging N HGEHHENN—F; tap WEHFRELHHEBE T, WimFHNN

yff = (series + charging)/|tap|?,

yft = —series/tap, ytf = —series/tap,

ytt = series 4 charging.
RIGTAUS IR A ES PQ TR C P, [EE PV MNP SRR, P 5T S AR
RAETHFPR, 7RISR REAZIZT R BN THHRREIZIR, MmE Y2 s_from 5 s_to & MW 5

Mvar, losses HJELAN MW, BT TSR AR BHAY SR A fit

s_from = base_mva - voltage - yff - voltage, + yft - voltage,,

s_to = base_mva - voltage, - ytf - voltage, + ytt - voltage,,

losses; = Re(s_from + s_to).

PRIGARLE D2 1552 apparent power rating mva J€ circuits YW, TERSZI&HE A BHRETHE N S99 56 R,
PRI B E R R E
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AC R A MR —HAHEH G JEE A 46T 0.01-0.03 JIE, PQ 1WA HER EF
Frrbp Rl ARG A AR = dHME, SAYHECBGE B AR LIS, least squares RH]
xtol = ftol = gtol = 1le-12, max_nfev = 2000, BERMIIE I AR KRR Z N

residual tolerance, BKIA 1077 MW B¢ Mvar, FIERRIRZE B/INE SR

NI AC FRTEARRIWMEMI I E AEMZEE LN 107° |, BT EMAGRES N 1012, B,
Tely. HEAN S b AR TE DI 2R TE equipment tolerance AT B BAFRRN, ERINAZE NS HBN R
1070 | SELREEE, K, SSERAE, BEEEAT 0 RN H L5,

AL RRY 2

LRBR YRR LIV ZE R0 7= B FE W rde A feede, B il SR S, [EIRREL. SRR S B IRAN,
T, EEiagE, FFan, STEIR. EBN. HEIR. MXIEhERMmEL,

ReferenceTransmissionExpansion.propose THEIE{EF AR utilisation, HEFH annual_cost FI&Kzs 2%

[t ratio:
o |branch_flow_mw; 4|
utilisation = max - - ,
t,lctrigger_branch_ids trigger_branch_rating mw
annual_cost = _ crf(discount_rate, economic_life_years)

-total_capex_gbp_per_build + annual_fixed_opex_gbp_per_build,
ratio = declared_annual_benefit_gbp/annual_cost.
FARMIEREL crf FHEEITILLH rate SHEFETTERFER Life; annual cost 7 GBP/AE, total
capex_gbp per build H GBP, ratio RTCENEE:

1/1ife, rate = 0,
_crf(rate, life) = { rate - (1 + rate)!i
(1 + rate)life — 1

, rate > 0.

CHIBE E AT R I N TR RERR, HARBIERZ ratio BT FARIRAHTHY, &RER
AR, AR AR, RIS, EE S TREHBE L RREREN, F2HATN RN
K. TEMSBEINEREESN 0GBP, HAMEN 10 GBP, H/MEANERMBREREIL T,
WHIZEE N RN 1ead_time_years 1 delay_yearso

ReferenceTransmissionExpansion.admit Eﬂ%’é?ﬂﬂﬁ@ draw %%jﬂ success_probability Hﬂ‘%éﬂ]f)&'kﬂo
seed EXQ network.expansion.random_ seed, %U)\ 0; i'%%*ﬂ—ﬂﬂjﬂ network-proposal:{run_id}:{year}:

{candidate id}o IXLEH AL NRIAE draw:
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digest = hashlib.sha256(
f"{seed}:{proposal.proposal id}".encode()
) .hexdigest()
draw = int(digest[:13], 16) / float(1l6 ** 13 - 1)
if draw <= candidate.success probability:
admit the proposal into the planning queue

FEWH R EHKIZ,; LR IRIBHEN economic life years [A] FEFERIEATIEIR, apply
commissioned network assets RFIZ X FRIEANFEM LS, Lk BB EERSGFEEME G, MR
FRALAY 23 XA B R EF R4 [E E

8 STEFNWIFAE S KIAIKX

TEMRNET RIEE

SEA T DA DRAE ] g 28 ﬂH: 5 ﬁﬂF%%%ﬁ)\N?EPWﬁEE\ i&D%Hﬁ%ﬁEo PerfectForesightPSM. run
BRI psiInput . chronology, 4FMESMZMIIERSEIVE N ETU RN, I A EIEMR, VIR %A
REEH; iEREm AN EHETIR. HEA R, BERNIIER,

GRUR A I SR B e B I ey, BEsiaRAS T (0,1 | aRRek AR, AR
SRR, BUEAUE IR BAEG. FRRAAEMRAES MWh, IEBFRIAE—, 2R sE R — i,
s T (0,1 ot R AR P TRER AR DA, %40 A K B
LhsE L TR MR, IR BRSSP F L, SR AL 35 K PEIZAT

H bR R g MR TRIB T . (EREE IR 2R AN S 2R resource period. charge period.
discharge period. soc period F blackout ¥ MWh#EH, Fhr 4 . s . t 2RI IRIR. (i
EFIATER, resource_marginal costs 5 variable_degradation_gbp_per mwh_discharged B A

GBP/MWh, voll gbp per mwh NEREAGE, BHARH
min Z resource_marginal_costs, , - resource_period, ,;
it

+ Z variable_degradation_gbp_per_mwh_discharged, - discharge_period, ;
s,t

+ voll_gbp_per_mwh - Z blackout;.
t
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BT RO DA IR AL TERE I AN T SRR FELTHG JE 7R SR M 7 flL
Z resource_period, ; + Z discharge_period, ; + blackout;

2

= demand_mwh; + Z charge_period, ;.
S

EREEGF RN &, FEMMIFEEEIE cha rge_efficiency EH)\E@, 12 H L ERR DA
discharge efficiency E/\)\Eﬁﬁm%:

soc_period, ; = soc_period,, ; + charge_efficiency, - charge_period, ,

— discharge_period, ;/discharge_efficiency.

BRI period hours K MW #hHHR] MWh:
0 < resource_period;; < capacity_mw, - availability, , - period_hours,
0 < charge_period, ; < charge_power_mw, - period_hours,
0 < discharge_period, ; < discharge_power_mw, - period_hours,
0 < soc_period,; < energy_capacity_mwh,.

SRS HIR A7 O PR REAE RS NI RN B LR S e, 85— HAM initial soc_mwh JF4R; ERIA
terminal soc rule = cyclic g*ﬁﬂ?ﬁ%?,ﬁﬁ?ﬂ, fixed XH] terminal soc mwh by asset, free AR
FERNTAERN. BH allow blackout Hﬂ', HHENTZS demand_mwh ZrEﬂ, HRENP LSRN,
BRIA period_hours = 0.5, voll gbp per mwh = 17000, ZJKZZH NZE, Study B3

market.voll _gbp per mwh %52 0-1,000,000 GBP/MWh, Fi#t A& HFR,

BB IRERMEMUNIE S8 — IR B I R Z N i IMUABRES . primary. fun VB —UOKRIERY IR/, B2
i GBP; 28 . IRIRE EEVIFRLIR, FFHEmM

primary_tolerance = max(10~", 10 **|primary. fun|),
objectiveT - solution < primary. fun + primary_tolerance,

min charge_period, , 4+ discharge_period, ,).
S,t S,t
s,t

WK YR A HIGHS, RIS HERITHEARZERN 1078 | SMBBINASIRMEA N GEITE,
R [E NI secondary.x, B AIEIN ZE LR sinultaneous AVNT2T 107 Mwh, AfHHK
XU H 8 ] F &R E AR TRt 4R

T 7REY “Balance shadow price” 958 — M X F7 KIIAFRIZIT 28 o IR TR KPS B(E S 790
MWh TR, EREIAIZOAMBESRTBCRIFE R, THRE PRGN TR, RAHAEE R,
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AR ZE A B, IFEBRA AR, B, ARERER I EiagE, [EE 2R HRAN
annual_fixed opex_gbp; M\, YEFIBREMIEITIZ4ELE 6 BHIENFEE DT,

PerfectForesightPSM. run(model input):
data = model input.chronology
validate chronology(data, model input.period hours)
_availability(...) and marginal costs(...): expand inputs to every period
_layout(data): allocate resource, charge, discharge, soc and blackout
assemble objective, throughput objective, equality, rhs and bounds
primary = linprog(objective, A eg=equality, b eqg=rhs,
bounds=bounds, method="highs")
primary tolerance = max(le-7, abs(primary.fun) * le-10)
secondary = linprog(
throughput_objective, A ub=objective.reshape(l, -1),
b _ub=[primary.fun + primary tolerance], A eqg=equality, b_eqg=rhs,
bounds=bounds, method="highs")
extract resource period, charge period and discharge period
extract soc_period and blackout
check balance and simultaneous storage operation
return costs and demand duals

TRKEBEEEE

KIRIK ST AR RIS Al S8 B r] &, run of river dispatch BZEX HydroSite 5
CanonicalInflow; ERINEE PSM KAE 5 EGIH AR ZE T a4k,

Y —A{VFE AT B SR R FE AE EH R, #i AN inflow.unit = p.u. B, inflow.values fii T

[Oal] , capacity mw B, MW, interval hours BN A/

maximum = capacity_mw - interval_hours,
available; = maximum - inflow. values;.

KB AT sUK LR R BONTRECRCR, B IR

available; = min (maximum,

inflow. values; - conversion_mwh_per_water_unit - turbine_efﬁciency).

fgéwziﬁiﬁiffﬂ:gigﬁavailable;Zﬂm, %ﬁikf&?ﬂﬁé%ﬁﬁTﬁﬁﬂﬁiﬁ, curtailed ICKFIRENE S, IRMAIZR
qj ::/\ﬁﬁﬂﬂ/\”Uﬂﬂjh available energy mwh., accepted generation_mwh F curtailed _energy_mwh, 10

MW HISETE 0.5 h NP A A = [0,0.5,1]  qaz) [0,2.5,5] wMwh, & &
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BILIKEIRE

HWAUKEAE 2RO S HIMMENF Lo EKE, PARARMEHENE, reservoir dispatch HIPYIEHAE]
A IWECTIOK o B bypass. F/K spill FIEARZETR storage, YIRAFIARZKERAL, A =T
FoRHARIKE, FEREEN

conversion = conversion_mwh_per_water_unit - turbine_efficiency, generation, = q; - conversion.

MR B/ M & AN E A S B S /N FR K AE ST 2 Fll, ene rgy_value gbp per _mwh NANEREZE E R )
YHER

min — Z energy_value_gbp_per_mwh, - conversion - q; + 107° Z spill,.
t t

IKE RS ERF SR, B—HIM initial volume JT4A:

storage, = storage, ; + inflow. values; — q; — bypass; — spill,,
min_volume < storage, < max_volume.

IREe. EIBBUK NS ER I FIRR K & e

0 < q; < max_turbine_release_per_period,
0 < bypass, < max_total_release_per_period, spill; > 0,
minimum_environmental_release_per_period < q; + bypass; < max_total_release_per_period.

I FBOK L BRFAE TR [E N AR oK N3, FoK st AR &, 457E terminal volume i,
R EREENZE, ERBW R, HREFN T nin volume 5 max_volume Z[Hl, SHUK 2 TR 1 i
7}<J:|§Ejz:’/l‘%ﬂ:(l%§ﬁﬁk7kj:|ﬁ, E%ﬁ(l%i@ﬁkﬂ(ﬂ:ﬁ%%%%%jﬂ turbine capacity mw 3fe

interval hours, &%} 107 MWwh,

KgAK GMEF, YA —IR SciPy/HiGHS LMK, FU KGR EUK &R, A H5
FISFIES%ZE, objective gbp NAFHEMMERGF/KIETT; AIEAATFTINHZORMERIMET R, 407 HIRAKFIH AT
IMEFPAIDUE SEEE UL N I8

reservoir dispatch(parameters, inflow, *, energy value gbp per mwh):
inflow.validate(); parameters.validate(inflow.interval hours)
conversion = (parameters.conversion mwh per water unit
* parameters.turbine efficiency)
allocate q, bypass, spill and storage for every period
assemble objective, water equalities, release inequalities and bounds
use parameters.terminal volume as the final storage bound when supplied
solved = linprog(objective, A ub=inequalities, b_ub=upper,
A eg=equalities, b _eg=rhs, bounds=bounds, method="highs")
generation = q * conversion
check previous + inflow.values[period] - q - bypass - spill - storage
return generation, water trajectories and residuals
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IKSENBYAA R

RIS N BB R, B~ Bl st AR UKESRIK, KRR IES 8, il A BEROR.
PHL, IECRCR, AL RIFAVFR]; fE SR MR, NG e — s, MU AT
0,1 | m—&rmEaitEsm 1.

KoK CSV HRAEHTIN X I RIER, B, uhmbnid, BE MK EBH AT HZR AN, IEHCAREE R EL
EERAAEGA, N — BN —8; AN RN BRI, Wha, e RS8R JSON 5
CSV, GRRAEACHFEHHA nones,

load hydrology inputs from pack % site id TS AL BRLER 5’%%&2‘%&%, adapt_hydrology csv £/
ARG S AL, JHIZBREL run of river dispatch #ZW0G S5 RKIES, IR[EIPA MWh R
available energy mwh, accepted generation_mwh M cu rtailed_energy mwh, reservoir_dispatch Bk

ESE. RAKMEENE, IRIE DL MWh RRHY generation_mwh B PARS 7K & BN AR AY 7K B,

9 I HFBIZ R S

VALUE i1 THEBRNZ S I HR 2 A, BB RIS 1B THEbE LR % F s fd
e, BILHBEER SR & LN, KIFEH value current_authoritative vl f57E,

RES5HOBS

BITHEGE & e O R E R DIFNE R FIH &, 75 build operational carbon_ledger ':F‘, activity M
generation mwh by asset IEHNHY# asset id FHE, HA{V N MWh; kg /E#t5H N kg/MWh AT, &5k
emissions_tco2e ILSHENIMMEL, operational L EUXEEIDS:

act 1V1tYasset_id X kgasset_id

emissions_tco2€e,556t id = ,
- 1000
operational — Z emissions_tco2e,sset id-
asset_id
gEER N AN SKTERIRERT R T CO, 5% CO,e & X IR, FRABIZAEX W& AT B E s T8

5, RFERIRHOEE NI A R RAHPRIR IR O TR A B R E SR (E e A

KBRS R TR [X¥ kg/MWh RN Bt

BSTE RS 394 CO, NESO 2024 4 X I8 R 777
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KB B R R

FAIERR

G/

PV SR R RIRKHE K& fE

TREEO

A=

FEAI 3E T

EIRZHEN

R 1

ElF kg/MWh
651

120

53

474
179
458

11.9

v N fE

co,

CO,e

co,

co,

co,

co,

co,

CO,e

IR

NESO 2024 4 X ka8 & 75 1%

NESO 2024 4 [X I35 E 777

NESO & FER 7B AR

NESO [&E &% H E -+

NESO [E&% H K+

NESO [&] &% H H -+

NESO [E&% H K+

NVE 2024 £S5 AR (H

HEFGi—H kg/MWh, 1 g/kWh 5 1 kg/MWh B[R, REURE AR gCO,e/kWh,

YRR R A EE R T 120 kgCO,e/MWh, HJFESRIFZH, 120 gCO,/kWh B ETE Fl,

RINRBFEFUHBISHIK

R A IEHE B S S AR e it

line.emissions tco2e, embodied !

TTERIE T

T'T: _asset_embodied lines ':F‘, capacity mw j]ﬁ: Ijj% 2]
IR MW; factor.value NFMESEER T, BNH tCO,e/(MW- j35)0 FA TS
UX LG HE SR -

E . emissions 5 A

emissions — capacity_mw X factor. value,

embodied = Z line. emissions_tcoZ2e.

FEEIZINTHUE embodied factors desnz unece.csvo, HRIEINASERHEES
fRFE(H 1235 H AR,

R

JER

It b= XU FE

g B XU

fH

RIRKHL

7K ERE

ALK T tCO,Le/(MW-4E)

38.544

47.304

96.1848

43.362

61.32

98.55

BRI 7,
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BoR AEFERIT- tCO,e/(MW-4E)
PRETEIMR S 16.2936

FRIEAR 16.2936

G/t 22.0752

FEL AR 1.25

REEERE T ERIEREHIX

ALt HNEHE AL AUE fe B A B 5 IR G A7 an B TR 0 e, FITierilli& K+ 89 kgCO,e/kWh A, KH
Longfield Solar Farm 2022 IR A AT A EE, asset embodied lines I2HX A MWh FRRfY
asset.energy capacity mwh, FFM economic lifetime years iEXDAEZR MY economic life, AEJEHIIEHE
N

89 X asset. energy_capacity_mwh

emissions = tCOqe/year.

economic_life
SNBRER IR Z SRERMBEER D A&, BERMEFEH KA 0.0006 tCO,o/MWh B & EFHmE T
fﬁ%ﬁﬂﬂ’ﬂgfffﬁﬁﬁﬁft; GBS B factor _catalog.csv 1) ch4 h2 store lifetime SO, FEERET

R R A _E— TR T

RS

fEREFE ERVIRICR

HLH I BN EAF ST ASIE N storage carried transfer, IZUUHTIIETTHEERNE,, KB REMFR
HFIZITHRF i E, FAEEFENHERC AR BB R, $245E storage_trace I, BRI ITHIR
BIEFILIBEEREH %ﬁﬁ’\]ﬁkﬁﬂl, MABEE cha rge_mwh, discharge mwh, charge source kgco2e

per_mwh S FER AR

FEFFIRMEZTTGG, TG IR IR, IRRALEU R F RE & LIRS R i, DA TR
inventory energy A MWh %%ﬂt\, inventory kg PA kg FoR; R ending inventory g AN, G

B & withdrawn S ETE, BHEEAT 1077 MWh LA valueError £ F 5L,

BiTHR 0.5 2026410 A 12 H 61



VALUE &8 75152

inventory energy = 0.0
inventory kg = 0.0
for charge, discharge, intensity in zip(
storage trace["charge mwh"],
storage trace["discharge mwh"],
storage_trace["charge source _kgco2e per mwh"]):
admitted = charge * storage trace["charge efficiency"]1[0]
inventory energy += admitted
inventory kg += charge * intensity
withdrawn = discharge / storage trace["discharge efficiency"][0]
if withdrawn > inventory energy + le-7:
raise ValueError("Storage withdrawal exceeds available inventory")
share = withdrawn / inventory energy if inventory energy > 0 else 0.0
inventory kg *= 1.0 - share
inventory energy -= withdrawn
ending _inventory = inventory kg / 1000.0

SBERENIBITIENTE L BT A A unresolved, normalise technology ¥ hydrogen battery #52H4
hydrogen_storage, ZAFKX N AVIZITR T %S ; ZIENE operational 1 total JR[H] None, ZMBREIZTH
BRI MAERTIAY IR S Re R R ' N T IHHE,

FEAMS®RE

TEEHE total S2IBTTHEN operational SRR IZHE enbodied ZHl, GBI EA VLA HIHERKIA T
e LA RE B R B M IEA T4 BHT RN RIXEES3T, delivered demand mwh JE Vit E; HoWIE

B, A% DA 9 R 5 kg/MWh G

[

total — operational + embodied,
1000 x operational

operational_intensity = delivered demand mvh’

1000 x total
delivered_demand_mwh '

overall_intensity —

LSRRI EREIRHI

é%&ﬁi%i%##ﬁ&fffzﬁéfﬁ‘*ZRif]\network_construction_embodied, FHIMAIZER totals adjust_carbon_
1edger_for_netwoﬂ<ﬁ5f% commissioning_year == year_Elstatus == "commissioned" FJMLHEE =, HE&ES~
[ rating PA MW 7R, factor SEEX LA tCO,e/MW /R asset.embodied carbon factor tco2e per mw,
emissions PAMFRIR:

rating — asset. thermal_rating mw_per_circuit
Xasset. circuits,
emissions = rating X factor,

network_total = Z emissions,

total <+ total + network_total.
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BT S HERH T overall _kgco2e_per_mwh F delivered demand_kgco2e per mwh, PAIER EL &
denominator Y73 Bk, FIALRB&ER/ DHEA I, HER SR HEASG RIS, EHIEORE] None, R
I E 23 X2 R B E R IR Zkig ;IR T B RE R IR Lk i BRI T,

RS RI X R

factor_catalog.csv RERF. BAL, &ﬁﬁﬁ*ﬂ?ﬁﬁ%fﬁ, sources.csv PRI RIEZ R,
CarbonFactorDatabase 1iEX value carbon factors.sqlite, build operational carbon ledger PEAIEIEREEN N

R 5 NERN T4, asset embodied lines THEIREHIEILEIZHE,
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