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• Utilities face growing infrastructure costs

• Load growth often assumed to increase rates

• But efficient load growth may improve utility economics

Research Question: Can efficient space-heating options 
reduce upward pressure on retail electricity rates? Under 
what conditions? Which regions benefit most? How sensitive 
are impacts to future grid scenarios?

Motivation: Electricity Rates Are Rising Conceptual Mechanism

• Revenue requirement – baseline utility costs to recover

• Retail load – baseline electricity sales by customer class

• Incremental GHP demand – added sales from 
geothermal adoption

• Scenario comparison engine – compares baseline vs. 
adoption scenarios to compute the rate impact

• Change in electricity sales matter

• Efficient HVAC changes both numerator and denominator

• Rate outcomes depend on relative change

Modeling Framework

Table 1. Simplified Example of GHP Adoption on Rate Pressure
Metric Example
Incremental utility spending $200/year
Incremental electricity sales 4,000 kWh
Marginal cost $0.05/kWh
Existing retail rate $0.15/kWh
Net pressure on rates Downward
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Prototype OutputData Sources & Scenario Design

• FERC Form 1 (via PUDL): Utility-year financial panel—
operating revenue, retail sales, rate base—for 248 utilities 
across 48 states. Pilot case: Public Service Company of 
Colorado (PSCo)—a subsidiary of Xcel Energy.

• AEO Building Stock Projections: National commercial 
floorspace (B-ft2) and residential dwelling units (M units) 
split by adoption cohort (adopted, eligible-not-yet, 
ineligible, new construction), 2012–2050.

• Scenario: Single AEO national adoption trajectory 
applied uniformly to PSCo. Adoption ramps from 0% in 
2026 to ~80% of stock by 2050 (AEO ramp 2027–2046 
plus compounding new construction additions). Marginal 
cost of serving the GHP load change: $0.04/kWh (a 
higher estimate value pending cost-of-service study).

• Key data gap: No end-use energy intensity yet—current 
ΔElectricity Sales is an upper-bound proxy (applies 
adoption share to entire class sales, not just HVAC load). 
This will be replaced in future analysis.

Key Insights & Implications

• Rate direction depends on load sign. The conceptual 
mechanism (Section 2) predicts downward pressure 
when GHP adds load at below-average marginal cost. 
This prototype models that case—GHP adds load at 
$0.04/kWh marginal cost, below PSCo’s $0.0731/kWh 
average rate. Because the incremental revenue collected 
per unit of new load is lower than the current average 
rate, sales grow faster than revenue, pulling the blended 
rate down. The sign of the real-world impact depends on 
whether GHP represents fuel-switching (load up) or 
efficiency (load down) relative to the customer baseline.

• Non-adopters show savings. At ~80% adoption (2050), 
non-adopters face a ~14% rate decrease in this scenario 
—a potential affordability benefit for customers who 
cannot afford or access GHP conversion. 

• Upper-bound result, not a calibrated estimate. The 
load delta currently assumes 100% of adopters’ class 
electricity is added. Real-world GHP only displaces the 
HVAC share. End-use data will bring the magnitude—and 
the size of the rate-decrease effect—down.

• Next steps: Expand to additional utilities beyond PSCo; 
obtain energy-intensity and end-use data to calibrate the 
load data; determine marginal cost from utility distribution 
studies; structure GHP ownership models; validate 
sensitivity for addition or subtraction of load.
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Figure 2. Conceptual mechanism of geothermal adoption and rate pressure when 
electricity sales increase and marginal costs are lower than average retail rate.

Figure 3. The modeling framework leverages utility spending, customer, and revenue data 
from FERC Form 1, assumed geothermal adoption using EIA’s AEO growth factors, and 
analyzed through the rate impact model to estimate rate impacts across customer classes. 

Figure 5. The retail rate decreases as GHP adoption increases and 
electricity sales increase. 

Figure 6. Non-adopting customers show an increase in savings when 
customers who adopt GHP modestly increase electricity sales.

Figure 4. Adoption share within PSCo of 
geothermal heat pumps (GHP) with 
modest increase in electricity sales; 
assumes capital expenditure costs are 
externalized from the rate base. New 
construction additions and AEO growth 
rates are included to model the technical 
potential of adoption over time. 

Figure 1. U.S. average retail electricity price by sector from Jan 2020 through July 
2026, showing a steady increase in rates across all sectors. 

Efficient geothermal heating and cooling 
adoption
• Increases electricity load

Sales and load change
• Moderate increase in sales (volume)
• New load priced below averaged retail rate

Reduced upward pressure on retail rates
• Fixed costs spread across more kWh, at below-

average cost


