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Carbon-Adjusted Prices
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Observation 1. Carbon allocation mechanism drives the whole Definition (Carbon-Adjusted Prices):. The carbon-adjusted
e . system to allocate lower carbon power to consumers with higher prices are defined as
Carbon emissions vary with carbon costs \ Y for generators g € G
time and/or location. > ' - Pii:geGs T 2G.g 5 9=
/ \ APi:deD; — AD.,d Jfor consumers d € D.
& Observation 2: Our model generalizes two standard market
source: Electricity Maps (accessed on Aug. 24, 2025). Clearing models as SpeCial cases. Theorem (Orderlng of Carbon'AdJUStmentS): For a set
https://app.electricitymaps.com/map/72h/hourly An inCreaSin number Of A ] ] . e
. . . rator 1 r <
carbon-sensiti\g/e onds » Equivalent to standard (carbon-agnostic) market clearing of 36"6<at0 S<g with mz easmng em’;’:w” factors eGa(ll)) S
GreenhydmgenngwcggtsUSD4-6/ki|ogram(kg), . When a” Carbon COStS are Zero. 801(2) - S _- eG?(lgl)’ t e 'Correspon lng generator car On-
2-3 times more than grey hydrogen. The largest > VOluntarin . . ad]ustmgnts wzll be decreaszng,
o Rt king o skt e tydasen o s technclsy cost » Equivalent to carbon tax on generation when all carbon
B > To receive subsidies costs are identical. Aa,(1) 2 Ag,(2) 2 2 Ag,(I9])-
National Grid “Green Light Signal” source: or h|gher prICGS k /

https://www.nationalgrid.com/greenlightsignal

For a set of consumers D with decreasing carbon-costs
CD,(1) = CD,(2) = *** = Cp,(|D|), the corresponding consumer
carbon-adjustments will be increasing,

Electricity Market Clearing with Carbon Costs Equivalent Equilibrium Formulation

Core ldea: Internalize the consideration of consumer carbon
preferences into the electricity market!

Generators: Profit maximization problem
max {AP{‘QEgi + }“{-’ o EG,Q) ' PG.,Q

AD,(1) S Ap,2) < - < Ap(|p))

» Consumer-defined carbon costs Pe.g Remark: Our carbon cost model is fair in two senses that N
- Reflect how much revenue the consumer is willing to “forgo” s.t. PE'r < Pg 4 < PE2* » the higher-emitting generators are penalized with lower
to avoid carbon emissions. payments;

Consumers: Utilitvy maximization problem

max (Up,d — Ap,i:deD; + AD.d) - Pp.d
Pﬂd

g, t PI’IH[’I { -PD {i {: PI’IIEI.:I-L

» Carbon allocation mechanism
— Allocate carbon emissions directly from generators to
consumers without considering the physical power grid.

» the consumers that submit higher carbon costs contribute
more to cover the increases in generation cost that arise from
Qrioritizing low carbon generation. /

Carbon-aware

T _ €8 _ T Transmission Owner: Profit maximization problem . :
po.ARax o upfp —epbp —cgla (1a) Objective P Market-Clearing Properties
st/ Poat 35 Asl0i=0)= 3 Pos N max Y At | D Bil, _ - _
deD, (ij)eL 4G, i §.(i,§)EL Proposition 1. Our model satisfies revenue adequacy, i.e., the
" _ . plim lim . payment the ISO receives from consumers is always higher than
VieN, : Ap; (1b) st. — Fij" < Biy(0i — 0;) < Fyj™, V(i,j) € L or equal to their total payments to generators, the transmission
Bij(0; — 0;) < Fi™,  N(i,j) €L, : T, (lc) | Standard Orer = 0, owner, and the carbon manager.

Bi;(6: — 0;) > —Flm V(i j)eL, N, (1d) DCOPF
Pmm < PGg < Pénzx? ‘v’g c g’ : ﬁG,g:ﬂG’g (16) Constraints

PRt < Ppg < PR, VdeD, : Tpgn,, (1D

gm0 Y

Price Setter: Enforce the nodal power balance constraint

Z Pp a+ Z Bii(0; —0;) = Z Pc. g, AP,

deD; j:(2,5) €L 9€Gi

Proposition 2: Our model satisfies individual rationality given Pmlrl

= ppYn = (, i.e., generators and consumers always recover their
operational costs and do not incur a loss.

Carbon Manager: Total carbon cost minimization problem

To.d = Pag.g, Vg € G, A 1h) T .
/C;, pe e 79 _ (W max —cplp Conclusions and Takeaways
Zﬂ-g d = Ppd, Va €D, : Apd (I) | carbon .. Z Tgd=Pcg, V9EG, : Agy > We propose a new green electricity market clearing model with
geg Allocation aeD consumer-based carbon costs (carbon cost model).
ZBG ¢Tg.d=FEpa, VdeD, AE 4 (1j) ng,d = Pp 4, Vd €D, : Apd » The equilibrium formulation of the carbon cost model gives rise
geg geg to carbon-adjusted prices. Low-carbon generators and carbon-
W’d >0, Vge G, VdeD (Hy Z e oTga = Ep.a,¥d € D, sensitive consumers will face hllgh. carbon-adjusted prices.
9eC » Our carbon cost model satisfies the same desirable market
Ty > 0, Vg € G, Vd € D. properties as standard markets based on LMP, i.e., revenue

adequacy and individual rationality.
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