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Abstract- We consider radial distribution networks hosting 
Distributed Energy Resources (DERs), including Solar Photo­
voltaic (PV) and storage-like loads, such as Electric Vehicles 
(EVs). We employ short-run dynamic Distribution Locational 
Marginal Costs (DLMCs) of real and reactive power to co­
optimize distribution network and DER schedules. Striking 
a balance between centralized control and distributed self­
dispatch, we present a novel hierarchical decomposition ap­
proach that is based on centralized AC Optimal Power Flow 
(OPF) interacting with DER self-dispatch that adapts to real 
and reactive power DLMCs. The proposed approach is designed 
to be highly scalable for massive DER Grid integration with 
high model fidelity incorporating rigorous network component 
dynamics and costs and reffecting them in DLMCs. We illustrate 
the use of an Enhanced AC OPF to discover spatiotemporally 
varying DLMCs enabling optimal Grid-DER coordination in­
corporating congestion and asset (transformer) degradation. We 
employ an actual distribution feeder to exemplify the use of 
DLMCs as financial incentives conveying sufficient information 
to optimize Distribution Network and DER (PV and EV) 
operation, and we discuss the applicability and tractability of 
the proposed approach, while modeling the full complexity of 
spatiotemporal DER capabilities and preferences. 

I. INTRODUCTION

With Distributed Energy Resources (DERs), including 

Solar Photovoltaic (PV) and storage-like loads such as Elec­

tric Vehicles (EVs) with Volt/VAR capabilities, emerging 

as a major user of distribution grid infrastructure, the grid 

is becoming increasingly active, distributed, dynamic, and 

challenging to plan and operate [1]. As such, DERs are 

bound to have a profound impact on the adequacy of T&D 

assets, efficient grid operation, reliability, and security of 

supply, and hence their scheduling will be crucial. We argue 

that optimal DER scheduling depends on dynamic Distribu­

tion Locational Marginal Costs (DLMCs) [2], [3], [4], [5], 

[6], whose accurate estimation is expected to bring about 

fundamental changes in distribution planning, operation, and 

eventually power markets. 

Unsurprisingly, DER scheduling and coordination with the 

grid and its assets in the context of distribution network oper­

ational planning is attracting increasing attention. Emerging 

literature focuses on the extension of wholesale Locational 

Marginal Price (LMP) markets to the distribution network 

through reliance on Distribution LMPs (DLMPs) [2], [3], 
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[4], [7], [8], [9]. A variety of suggested approaches and 

models have attempted to do just that by considering uni­

form price-quantity bidding DERs and/or using DC Optimal 

Power Flow (OPF) models. However, we argue that existing 

transmission market-clearing approaches do not extend to 

Distribution Networks. Current wholesale markets determine 

spatiotemporal, i.e., location and time specific, marginal cost­

based prices [10], [11], clear over large energy balancing 

areas, and for all intents and purposes they manage nodal 

market participant uniform price-quantity bids, which, un­

der competitive conditions, represent the short-run marginal 

cost (for generators) or marginal utility (for wholesalers). 

Such markets have resulted in significant operational effi­

ciency improvements and have provided participants with 

strong incentives to improve their actual costs through better 

maintenance and innovation adoption. However, small DER 

prosumers connected at the low voltage distribution network 

have been so far left out of dynamic short-run marginal 

cost based markets, facing instead average cost volumetric 

rates. Contrary to the transmission system where centralized 

generation is scheduled through linear DC OPF models, 

optimal distribution-grid connected DER scheduling requires 

AC OPF formulations (see e.g., [2], [9] that employ the 

branch flow (a.k.a. DistFlow) equations, introduced for radial 

networks by [12], and in fact their relaxation to convex Sec­

ond Order Cone constraints proposed by [13]), to accurately 

calculate real/reactive power flows, and ensure the engineer­

ing ( current and voltage) limits are respected. A compre­

hensive analysis of several approaches in decomposing and 

interpreting real and reactive power DLMPs in the AC OPF 

context is provided in [14]. In [2], DLMPs are extended to 

include reserves - apart from real/reactive power - and an 

iterative distributed architecture is sketched capturing DER 

intertemporal preferences and physical system dynamics. 

Apart from nodal voltage congestion, sustained trans­

former overloading in distribution networks also renders 

the explicit modeling of reactive power a must in the 

context of a 24-hour ahead AC OPF capable of modeling 

Volt/VAR control, ampacity constrained feeders, intertem­

porally coupled transformer life degradation and complex 

DER/EV charging preferences. Interestingly, early studies 

on EVs [15] pointed out that the clustering of EV chargers 

under the same transformer may cause damage and outages 

from persistent overloading. More recently, a study on the 

Sacramento Municipal Utility District [16] estimated that 

a high PV penetration would cause overvoltages (by at 

least 5% of nominal) to about 26% of the substations and 

service transformers, and that a high EV penetration would 


















