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ABSTRACT
The recent increase in photo-voltaic (PV) technology adop-
tion has left utility companies with a problem. As increasing
numbers of consumers are flocking to solar panel adoption,
how can the utility maintain a revenue stream without fur-
ther encouraging the adoption of PV by more consumers?
This question is the topic of much concern at many util-
ity companies, as they attempt to predict the reaction of
consumers to various novel pricing schemes. This project
addresses the need for a tool with a clear and usable in-
terface that can allow utility companies, researchers, and
governmental agencies understand the economic, societal,
and political implications of the changing energy distribu-
tion landscape.

Keywords
Bass diffusion model, photo-voltaic, solar energy, renewable
energy, death spiral

1. BACKGROUND
In recent years, rooftops laden with photo-voltaic (PV) pan-
els have become a common sight in many American neigh-
borhoods. These solar panels, as they are colloquially named,
are indicative of a cultural and societal shift away from the
established, centralized energy infrastructure, toward a more
distributed power infrastructure.

This movement to adopt PV technology is being accelerated
by many factors. Among the largest contributing factors are
a mounting cultural reluctance to rely on fossil fuels and a
government push (through tax incentives) towards the use
of renewable energy sources.

1.1 Utility Companies
Although PV technology has been present for years, the
speed and scale of the adoption by consumers was largely
unforeseen by utility companies. These companies depend
on certain levels of power consumption by their customers

to subsidize the heavy investments required to maintain an
extensive and reliable power infrastructure. As more house-
holds adopt PV as their primary or supplementary source
of power, the utility company receives less revenue from the
decreased demand of electrical power from the grid.

1.2 PV Uptake Feedback (The Death Spiral)

PV AdoptionLower PV Cost Lower Grid Consumption

Rate RevisionHigher Electricity Rates

Currently, electrical utility companies charge a variable amount
based, primarily, on a customers consumption of electricity.
As the overall demand for electricity decreases due to cus-
tomers’ adoption of PV technology, the revenue for the util-
ity also shrinks. Because the utility must ensure a level of
revenue sufficient to maintain the existing distribution in-
frastructure, rates are increased to counteract the lost rev-
enue. These higher rates, in turn, are a higher burden on
the consumers and increase the economic incentive to adopt
PV. This positive feedback effect is called ”A Death Spiral”
because of its circular effect on PV demand and rate pricing.

1.3 The Demand for Forecasting
The solution of raising rates on consumers to compensate
for lost revenue is an unsustainable practice. Many utility
companies (and consumer advocacy groups) recognize this
problem and much research is currently being done by util-
ity companies and academic institutions in order to find an
optimal solution to the growing power utility problem.

1.4 Caltech and SCE
SCE has previously developed an in-house, 1-year forecast-
ing tool to help predict PV adoption. This tool, however, is
severely limited in scope and accuracy. For this reason, SCE
has asked a Caltech research group, led by Desmond Cai and



Professor K. Mani Chandy to create a more accurate sim-
ulation of PV adoption that could, with greater accuracy,
project multiple years or decades into the future.

2. PREVIOUS PROJECT PROGRESS
The aforementioned research group produced a simulation
that proved accurate and useful for SCE. However, this sim-
ulation tool was poorly packaged, and the interface was dif-
ficult for industry forecasters to understand or use.

2.1 Tiers & Rate Structures
Southern California Edison, as well as many other utilities
nationwide, utilize a tiered rate structure system. In this
system, customers pay into tiers based on consumption, sim-
ilar to the federal income tax tiered system. Because of the
importance of electricity to a modern society, the electrical
utilities are heavily regulated and must provide discounts to
low-income households that satisfy certain government stan-
dards. Additionally, the utility companies cannot raise rates
at will, but are constrained by a set of rules imposed by the
government which cap the percentage increase allowed on
the lowest two consumption tiers.

2.2 Other Factors
In addition to the aforementioned tier structure, the rate of
PV adoption is also subject to political involvement in the
form of government subsidies which are designed to promote
the adoption of PV. The simulation must take into account
the effect that this and other parameters will have on the
demand for PV.

3. WORKING WITH SCE
In order to increase the simulation’s traction with industry
forecasters, we met with an engineer who regularly used the
previous release of the simulation. Muhammad Dayhim is
a Forecasting Analysis Project Manager at Southern Cali-
fornia Edison, and we scheduled weekly meetings to discuss
how we could improve the simulation. Dayhim provided us
with several user-facing issues, as well as insight into what
features and use cases are interesting to a forecaster.

3.1 Interface
Dayhim found the simulation interface confusing, with many
more input parameters displayed than actually interested
him. Additionally, the simulation outputs did not exactly
match the results he is trying to evaluate. We determined
that a forecaster wants to be able to control inputs and ob-
tain outputs through one consolidated view, and we sched-
uled follow-up meetings with Dayhim to iterate on interface
designs.

3.2 Packaging
The simulation’s packaging - software requirements, how a
user obtains accesses the interface, and what processes take
place when the simulation executes - has a large impact on
how many forecasters will use the simulation. The simu-
lation used to be accessible online, hosted on the Google
App Engine, but SCE forecasters did not want sensitive data
transferred online. Therefore, Dayhim ran the previous sim-
ulation locally, through a complicated series of steps that he
had memorized. Dayhim agreed that improved packaging

could significantly change his ability to share scenarios with
his coworkers or recommend the simulation to other fore-
casters. Dayhim also warned us that some industry fore-
casters would not have administrator permissions on their
computers, so we would have to think carefully about any
local software dependencies we created.

3.3 Understanding
Dayhim’s final issue with the simulation was that he did not
understand its inner-workings very well, which caused some
friction when he would not know which parameters to change
or what certain inputs really signified. We took this as a
cue to document the simulation, produce a documentation
website, and schedule meetings with both Cai and Dayhim
to clarify points of confusion and disagreements over how
the simulation should handle certain inputs.

3.4 Sensitivity Analyses
Through our meetings, we realized that Dayhim’s primary
use case for the simulation was to perform sensitivity anal-
yses across multiple scenarios, rather than to determine the
outcomes of any particular scenario. In order to tailor the
simulation and interface for sensitivity analyses, it needed to
be easier to run multiple similar scenarios in quick succes-
sion. The old interface allowed for a user to create multiple
input files, run the simulation multiple times, and compare
the results across output files, but we decided to make it
even easier to make those comparisons.

4. WORKING WITH CALTECH
We also met regularly with the Caltech ETechUptake re-
search team, in order to learn about the simulation and pro-
vide feedback for how the internals could be improved.

4.1 End-User Needs
The weakest aspect of the simulation was its ability to ad-
dress the needs of industry forecasters like Dayhim. In order
to fix this deficiency, we scheduled meetings for Dayhim, Cai,
and Mani Chandy to discuss simulation use cases and the
relative importance of each parameter. From these meet-
ings, the project gained a stronger focus on which scenarios
the simulation and interface should support.

4.2 Extensibility
A secondary problem with the simulation was that its code-
base was not very extensible. Without significant documen-
tation and test coverage, and with several non-standard im-
plementations of major simulation components, it would be
difficult for future developers to improve the simulation or
shift its focus toward different forecasting goals. We dis-
cussed some implementation alternatives with Cai, who then
re-wrote a more extensible simulation core from scratch. We
believe the changes made during this renovation will prove
valuable to both future developers and advanced users.

5. THE NEW INTERFACE
After considering the many criteria for the new interface, in-
cluding the ability to easily perform sensitivity analyses and
minimal reliance on third-party software that would require
IT department approval, we settled on a combination of Ex-
cel and Python through xlwings, an open-source Python li-



Figure 1: The one-page simulation dashboard

brary. This new interface provides significant improvement
in several ways.

5.1 Consolidated
All of the important inputs and outputs are presented on one
page, where the user can simply change the input cell val-
ues, click a button, and instantly view the results in the out-
put cells. A second page expands upon the less-frequently-
used inputs, so that a user can easily reference or tweak
these values. Similarly, a third page expands upon the less-
frequently-examined and high-fidelity outputs, so that a user
can occasionally grab a complete scenario report.

5.2 Designed for the End-User
This interface is designed to enhance a forecaster’s ability
to draw meaningful conclusions by changing the input as-
sumptions. The inputs are more aligned with the interests
of industry engineers like Dayhim, and the outputs are sim-
plified to more quickly point out what has changed. Users
will get much more use out of this interface, and they will
be much more likely to share the tool with other forecasters.

5.3 Extensible
A major goal of the new user interface design was to al-
low the interface to be dynamic and extensible. This was
achieved by creating a clear structure of parameters that
vary by year, and parameters that vary by customer con-
sumption tier. Our interface allows the user to simply man-
ually insert an additional parameter and its corresponding
values and the simulation will parse the input and behave
accordingly. This feature allows the user interface to contain
only the values that the end user, in this case, Dayhim at
Southern California Edison.

Figure 2: Documentation from the Utility class

6. RESULTS
6.1 Interface
We created a more extensible and intuitive interface to allow
the engineers and managers at SCE to utilize the simulation
to visualize the effect various parameters have on the overall
adoption of PV technology. Our interface allows the user to
call the simulation from within the excel file, using Visual
Basic macros, greatly simplifying and accelerating the pro-
cess by which the user can see results to input parameter
stimulus.

6.2 Documentation
We worked with Cai to document the major simulation com-
ponents, and we added an auto-updating set of HTML pages
to the repository. As these docs were able to clarify some
simulation components for Dayhim, they will likely prove
useful to both developers and users in the future.



6.3 Foundation for the Future
The interface we have developed in conjuction with Desmond
Cai, Professor K. Mani Chandy, and Muhammad Dayhim
represents the blending of use-cases most helpful to the vi-
sualization needed by SCE to forecast PV adoption genera-
tions into the future.

The clean interface and well-documented code will allow fu-
ture improvements to be easily implemented by later users.
This ability will help the underlying simulation demonstrate
its capabilities and allow future users, whether engineers at
utility companies, politicians in charge of policy decisions, or
everyday people to see the long term effect that PV adoption
will have on our nations energy distribution infrastructure.
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