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• Composite wall modeled with Fourier’s Law as a 1-D 
thermal conduction resistance network 

• Latent heat and phase fraction tracked to model 
melting/freezing according to each material’s property

• Second-by-second simulation over dynamic time duration 
with Weather, PCM, and TVP inputs imported from Excel

• Used MATLAB’s vectorized arrays to reuse timestep data 
for rapid PCM and non-PCM comparisons

Methods

• Heating and cooling of buildings use ~40% of U.S. energy, 
contributing to rising grid strain and load variability [1]

• Pairing PCMs with TVP-aware HVAC control has shown to 
create passive load shifting 

• Under TVP, load shifting has been shown to save costs 
and reduce strain on energy grids

Background

Model Validation & Limitations

• Model validation was limited to “gut checks” that 𝑄𝑖𝑛 and 𝑄𝑜𝑢𝑡 behavior 
matched expected PCM phase change physics on each wall boundary

• Direct validation against published models difficult, as this PCM–TVP–
control framework does not match existing literature approaches

• Simplifying assumptions in PCM phase transition geometry limit accuracy, 
though relative performance trends between materials remain robust

Conclusions & Future Research

• Strong indication for PCM–TVP integration to reduce both HVAC 
energy use and operating cost, contingent on proper material 
selection and control alignment

• Future work will refine internal heat transfer logic and phase-
transition modeling to better capture transient conduction and 
storage dynamics

• Additional literature and/or physical validation and full material 
cost–benefit analysis are needed to verify simulation accuracy and 
assess real-world economic feasibility
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FIGURE 1 (UP): Displays a 
typical daily energy load 
in kW for a building in the 
summer in Austin (blue) 
overlaid with the price of 
energy per kWhr (red) 
according to ERCOT’s 
2023 TVP adjustment for 
the greater Austin area. 

FIGURE 2 (UP): More than 40% of commercial energy consumption in the US is 
used for space heating or cooling [1}.

FIGURE 3 (LEFT): Diagram of the 
resistance modeling in the simulation, 
demonstrating directional heat flows.

FIGURE 4 (DOWN): Thermal 
resistance network and Fourier’s law 
showing heat flux and resistance 
calculation preformed at each 
timestep.

Results

Energy & Cost Differences For Various PCMs Compared to Regular Insulation Baseline 
(per meter squared, over 190 simulated hours)

PCM
ENERGY COST

Net Difference (kW)Percent Difference (%) Net Difference ($) Percent Difference (%)

RT25 -0.5047 -14.94 -0.0326 -17.80

ATP 23 -0.4241 -12.56 -0.0283 -15.40

S27 0.4401 13.03 0.111 6.03

GAIA HS PCM24 0.2987 8.85 0.0092 5.02

PCM22 0.3904 11.56 0.019 10.23

SP 25 E2 0.2077 6.15 -0.0025 -1.37
SP 26 E 0.0236 6.98 -0.0031 -1.71

FIGURE 5 (TOP LEFT) Simulated heat flux 
through a composite wall using RT25 PCM 
compared to standard insulation. Note the 
lower peaks of the PCM figure, and the shift of 
the peak nearly two hours later for each cycle.

FIGURE 6 (BOTTOM LEFT): Simulated energy 
and cost differences between different PCM 
materials. RT25, the material used for figures 
five and seven, is highlighted. It 
demonstrates both the largest energy and 
cost savings.

FIGURE 7 (BOTTOM RIGHT): Difference in 
cumulative energy that is passed through the 
wall over the entire simulation cycle between 
PCM and regular insulation.

Discussion

• Results vary dramatically depending on properties of PCM (particularly 
thermal constant & latent heat storage)

• Some PCMs (RT25, ATP23) demonstrate significant energy usage 
reductions and price reductions, others (S27, PCM22) cause energy and cost 
increases

• The average heat flux entering the space was considerably lower (-14 
W/m^2) for RT25 compared to regular insulation over the simulated time 
frame

• All PCMs shift peak energy usage later in the day, contributing to a 
reduction in price when Austin’s TVP was considered

• Weather, TVP structure, and climate make considerable differences when 
considering material insulation feasibility and cost-reduction analysis
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