
Model Used in Simulations

• Transmission topology: PJM 5-bus system [3]
• Distribution topology: 11 taxonomy feeders [4]
• More than 70,000 T&D components modeled [5].

Simulation Results

Figure 1. Real power demand at the transmission buses in 
integrated T&D simulations

Figure 2. Real power demand at the transmission buses in T-only 
simulations

Figure 3. LMPs at Bus 2, Bus 3, and Bus 4 in integrated T&D 
simulations

Figure 4. LMPs at Bus 2, Bus 3, and Bus 4 in T-only simulations
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Conclusions

Using high-resolution integrated T&D models that 
include detailed models of end-use appliances and 
PRLs, the impact of PRLs on individual customers, 
distribution feeders, and the bulk power system can 
be calculated in one simulation. Such detailed 
analysis cannot be performed with T-only models 
where load is aggregated at the transmission load 
buses. 

Abstract

This paper explores the differences between 
simulating price-responsive load (PRL) interactions 
with power systems using integrated transmission 
and distribution (T&D) models and transmission-only 
(T-only) models. This analysis uses the Integrated 
Grid Modeling System (IGMS) software to capture 
“ISO-to-appliance” simulations using a synthetic T&D 
model built on the PJM 5-bus transmission network 
with multiple full-scale taxonomy feeders that include 
physics-based models of thousands of customers 
and PRLs. The results show important differences in 
the impacts of PRLs between integrated T&D and 
T-only models.

Modeling Approach

• Integrated T&D simulations:

 Method: IGMS [1] co-simulates GridLAB-D,
MATPOWER, and FESTIV to perform quasi-
steady-state simulations.

 Load model: Load profiles are generated
automatically during the co-simulation.

 PRL model: Only HVACs were modeled as
PRLs using GridLAB-D’s passive controller [2].

• T-only simulations:

 Method: IGMS co-simulates MATPOWER and
FESTIV to perform quasi-steady-state
simulations.

 Load model: Aggregated, constant power loads
at the transmission buses with precalculated
load profiles are used.

 PRL model: Own-price elasticity is used to
model the price-responsive behavior of
aggregated transmission loads.

• Price input:

Real-time locational marginal price (LMP) of the
transmission bus calculated by FESTIV every 5
minutes.

Key Observations

• Real power demand profiles and LMPs are very similar
between integrated T&D and T-only simulations in the
absence of PRLs.

• Significant differences in real power demand profiles
and LMPs can be observed between integrated T&D
and T-only simulations when PRLs are present.

• Few LMP spikes occur in the T-only simulations; no
such spikes occur in the integrated T&D simulations.

 Price spikes occurred because price elasticity caused
loads to increase in response to reduced real-time
LMPs, and a small amount of load was shed (4 MW at
5:30 p.m.) and reserves were deployed (at 8:00 p.m.)
to meet the increased demand.
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