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On January 8th, 2021, ERCOT published its yearly Long-Term Hourly Peak Demand and Energy 
Forecast report1, predicting a summer peak of 77.2 GW in 2021, growing to 85.8 GW in 2030. 
Since 2013, ERCOT has historically overpredicted the summer peak by an average of 1.15 GW. 
As an alternative, we present a simple linear benchmark, predicting a 1.6 GW lower value of 
75.6 GW2 in 2021, growing to 84.3 GW in 2030. This benchmark has a 31% smaller mean 
absolute error and 86% lower year-over-year variation. In this report, we will offer a study of 
ERCOT’s methodology and make the case that it does not outperform a simple benchmark. 
 
Over the years, ERCOT has developed a framework for its long-term load forecasts (LTF), 
where linear regression and autoregressive models per weather zone are driven by 15 years of 
weather data, economic and demographic variables, provided by Schneider and Moody’s. 
These models are trained, validated, selected and tested to achieve the best possible accuracy. 
 
As ERCOT decides to report only the current forecast and that of the previous year, and doesn’t 
publish the accuracy of their historical forecasts, it limits their accountability and makes it difficult 
for the average reader to properly evaluate the forecasts. It appears that no benchmark model is 
used to verify the validity of the methods and data sources and how adequate they are for the 
load forecast. The only validation process mentioned in the report is the use of random data 
points between 2015 and 2020, but tests which cover a ten year horizon are absent. 
 
All models are wrong, some are useful, as George Box said. The complexity of reality does not 
always mean that complex models prevail over simpler ones. A good practice in forecasting is to 
challenge any complex method by a simpler benchmark model to make sure the more complex 
method is actually better. In addition, one should not forget to look backward and examine the 
results of past forecasts. 
 
As a basis for our research, we gathered as much public data of actual loads and past ERCOT 
forecasts, from two online repositories3,4. When we look at the actual summer peak demand 
data, as it appears in Figure 1 (left), besides the first two data points for 1996-1997, the last 23 
years follow a linear trend with high accuracy (98% correlation)5. We can guess that some of the 
variation on this trend is due to summers being hotter (2011) or milder (2014, 2017). 

 
1 http://www.ercot.com/content/wcm/lists/219761/2021_LTLF_Report.pdf  
2 We want to remark that these are P50 values, assuming normal weather, despite the first signs of summer 2021 being of a 
relatively hot summer. https://www.cpc.ncep.noaa.gov/products/predictions/long_range/seasonal.php?lead=3  
3 http://www.ercot.com/gridinfo/load/forecast  
4 http://www.ercot.com/gridinfo/load/load_hist  
5 2001 had no available load data. As it had temperatures between 2000 and 2002, we filled it with an average of these two years. 



 

 

 

   
Figure 1: Actual ERCOT summer peak load 1996-2020 (left) and a first comparison of 2021 

forecasts made by ERCOT and our linear benchmark (right) 
 
To challenge ERCOT’s model, we fitted a linear regression model (OLS) with the calendar year 
and an intercept as only variables. We trained this model in a rolling manner on all available 
historical load data since 1996, up to one year before the start of every new forecast period. In 
Figure 1 (right) we show the 2021 summer peak forecast for this linear benchmark and compare 
it to ERCOT’s forecast. We want to note that this benchmark does not necessarily offer the best 
possible forecast, but rather the simplest we could come up with. For example, limiting the 
training period to 15 years as well as including temperature data as an extra driver did produce 
improvements in some extended tests we ran. However, the scope of this paper is to propose a 
simple benchmark for future use, so we will not address what our own true forecast would be if 
attempted. 
 
At first glance: positive bias, low consistency and large errors 
 

   
Figure 2: 2013-2021 Summer peak forecasts by ERCOT (left), coming out relatively high and with 

larger errors and yearly variation compared to our linear benchmark (right) 
 
In Figure 2, we visualize ERCOT’s historical forecasts, taken from all the available reports since 
2013 (left) and forecasts made for the same years with the benchmark model (right).  
 



 

 

With the exception of 2014 and 2016, ERCOT’s forecasts are higher than both the actuals and 
our benchmark. Since 2013, ERCOT has over-forecasted actual load by an average of 1.15 
GW, with a mean absolute error (MAE) of 1.71 GW. We expect these metrics to be 
representative of ERCOT’s 2021 forecast, since the applied models are largely the same. In 
contrast, our benchmark over-forecasted an average of 0.76 GW, and had a 31% lower MAE of 
1.18 GW. These numbers are based on a comparison between all 30 available datapoints 
between 2013 and 2020 for which both actuals and forecasts were available and effectively 
contain 1-8 year ahead forecasts6. 
 
Beyond the magnitude of the errors, ERCOT’s forecasts exhibit large year-over-year variation, 
with a mean absolute delta year-over-year of 2.19 GW. ERCOT’s forecasted values in 2013 
were relatively high; 2014 and 2016 came out fairly low; towards 2019, forecasted loads went 
up to an all-time high; and towards 2021 down again to somewhere in the middle. However, the 
trend of the actual loads doesn’t exhibit any major year-over-year variation and consequently 
our benchmark varied year-over-year by only 0.29 GW on average. 
 
Why was an extreme year chosen as the official reference? 
 
We believe that one of the main drivers of the errors is the choice of a single historical year as 
reference for the coincidence factor, defined as the fraction of the peak demand of a population 
that is in operation at the time of system peak7. As explained in the 2021 report: “Using the 2008 
historical factors resulted in the least amount of diversity between weather zone demand and 
ERCOT-wide demand at the time of ERCOT’s summer peak. Stated differently, using the 2008 
historical factors resulted in the highest ERCOT coincident summer peak forecast.” The year 
chosen as reference, 2008, was not the hottest year, but rather the year in which summer peak 
temperatures in the different weather zones coincided, leading to a relatively high load demand.  
 
As this is an explicit choice, it appears that ERCOT consciously prefers to over-forecast, instead 
of predicting the peak just right. This choice has been made since 2016, seemingly to add a 
“safety” margin of about 1% (or about 0.8 GW for 2021). In our opinion, this added cushion is 
unnecessary in an official forecast, especially given the margins taken from other uncertain 
factors like weather. 
 
A brief look into ERCOT’s forecasting process reveals four main steps: 
 

1) create forecasts per weather zone (for past 15 years of historical weather) 
2) rank and average them (per hour per calendar month) 
3) map them back to calendar dates (for past 13 years of historical load data)  
4) conclude it’s too difficult to make a proper choice among these 13 years and pick the 
most extreme one. 

  

 
6 The ‘2013’ forecast, containing forecasts for 2013-2022 could be e.g. validated for the 1-8 years ahead between 2013-2020, while 
the ‘2020’ forecast could only be validated for 1 year ahead, the 2015 forecast was missing from ERCOT’s archive. 
7 https://www.energy.gov/sites/prod/files/2013/05/f0/53827-10.pdf 



 

 

We assert that this method risks creating statistically unlikely weather scenarios. A more 
straightforward approach would be to sum up the load for all weather zones after step 1, and do 
no more. A potential improvement would be to shift historical weather up to 14 days back and 
forth8, to properly create all combined scenarios of weather and calendar variables. 
 
Unquantified uncertainties 
 
In addition to providing an estimate of future system loads, the report lists the uncertainties 
considered. Only the uncertainty due to the weather has been quantified by ERCOT and set to 
7% difference in summer peak load between extreme and mild temperatures. Apart from 
weather uncertainty, no other item in the 2021 report is quantified. This makes these items 
difficult to evaluate, especially external variables sourced from third parties, like the “county-
level forecast of economic and demographic data from Moody’s”. It is possible these 
demographic forecasts haven’t been properly validated, and yet they can directly influence the 
peak demand forecast, regardless of their historical accuracy. The report doesn’t describe this 
step in enough detail, leaving us a bit in the dark. 
 
Interestingly, in 2013 the uncertainty of different economic scenarios was also published, with a 
difference between a low and high scenario for ten years ahead being a significantly larger 13%. 
In 2014, the creation of economic scenarios was promised for next year, but it seems to have 
been forgotten and left in coming reports. Since then, Moody’s base scenario has been used for 
all calculations.  
 
What is a frozen forecast?  
 
The report states that the forecast for Energy Efficiency, Price Responsive Loads, Distributed 
Generation and Electric Vehicles is frozen “at the level that was observed during the historical 
period of January 2015 – August 2020”. We note that these variables have consistently been 
frozen since the 2013, so not much progress has been made on this front in eight years. As it’s 
unclear what the values of these categories represent, we would like to see these demystified. 
 
Additionally, constructing a frozen forecast based on the values of the past five years is 
potentially problematic if the forecasts are intended to be useful guides for the next ten years. 
We assert that it would be preferable to capture the trend from the past five years, in order to 
provide an estimate of the current state and possibly project this trend into the future. 
 
Are frozen variables really frozen? 
 
We start with energy efficiency as the first category from those frozen in the report. In 2013, 
ERCOT said they had “developed additional energy efficiency forecast scenarios”, based on 
data of the EIA. However, energy efficiency has remained a frozen category ever since. Apart 

 
8 J. Xie and T. Hong, “Temperature Scenario Generation for Probabilistic Load Forecasting”, IEEE Transactions on Smart Grid 
PP(99):1-1, 2016 



 

 

from providing no indication about the future, frozen forecasts like energy efficiency may also 
not in fact be frozen. 
 
The traditional drivers for modelling growth in electricity demand center around economic and 
demographic variables (population, housing stock, employment). However, all other unspecified 
drivers that correlate with this growth over the past five years, including energy efficiency, 
rooftop PV, territorial expansion, industrial loads, and electric vehicles, might be confounding 
with respect to these variables. 
 
One example is the average energy intensity, which decreased by 50% between 1980 and 
20149 and is predicted to further decrease with about 1.5% per year in future10. This means that 
a forecast with a frozen energy efficiency factor normally would over-forecast electricity demand 
by 1.5% per year ahead. Looking at the historical errors, this is definitely not the case. We 
believe that despite uncertainty in the exact rate of energy efficiency, a steady increase in 
energy efficiency is already implicitly accounted for in ERCOT’s model, possibly due to the fact 
energy efficiency correlates highly with economic growth as we will discuss later. 
 
Is rooftop photovoltaic double counted?  
 
Something similar might be the case for the rooftop PV variable. The estimated historical growth 
of small-scale solar PV from 111 MW to 670 MW between December 2015 and December 
201911 (112 MW yearly) was similar in magnitude as the projected growth from 700 MW to 2100 
MW1 mentioned by ERCOT between 2020 and 2030 (140 MW yearly). ERCOT made a 
downward adjustment of its 2030 forecast of 640 MW, which we think risks to have been 
counted double. On the other hand, Texas’ small-scale solar PV has grown rather exponentially 
with a yearly 46% since 2014 (reaching 1093 MW in December 2020), while ERCOT projects 
only a mere 12% yearly growth between 2020 and 2030 (perhaps in line with the 2020-2030 US 
large scale solar PV projected growth of 13%12). 
 
For other distributed generation, it was difficult for us to find a reliable data source and estimate 
the uncertainty or future growth of this variable. Still, we expect the volume of renewable 
technologies like residential geothermal, solar water heaters, and small-scale wind turbines to 
have grown gradually in the past five years, and at least a portion of the future growth of these 
renewables will have been already accounted for in ERCOT’s forecast and our linear 
benchmark, as it contributes to the trend fitted by the models. 
 
Price responsive loads 
 
Due to a lack of data, we can’t conclude if this is in fact a frozen variable. We do agree with 
ERCOT’s view that it is difficult to forecast the effect of price response on load demand. 

 
9  Steven Nadel, Neal Elliott, and Therese Langer, “Energy Efficiency in the United States: 35 Years and Counting”, ACEEE, E1502  
10 https://www.eia.gov/todayinenergy/detail.php?id=10191  
11 https://www.eia.gov/electricity/data/eia861m/ 
12 Annual Energy Outlook 2021, Table 16. Renewable Energy Generating Capacity and Generation 



 

 

Demand response volumes in 2019 and 2020 were 3313 MW13 and 2860 MW14, respectively, 
and already has a significant influence of about 4% on the summer peak demand. On one hand, 
the market for time of use pricing is expected to grow in coming years, which will enable more 
demand response. On the other hand, the generation capacity is projected to become less 
tight15, with large utility scale solar PV potentially reducing price spikes at summer peak 
demand, thereby reducing the incentives for demand response. In conclusion it can go either 
way. 
 
On electric vehicles 
 
In 2018, a negligible number of 22,600 electric cars were registered in Texas16. With respect to 
market share, almost a factor of 10 behind frontrunner California. As future numbers for Texas 
are hard to find, we take further projections from the total US. Predictions of EV market share, 
as a percentage of all (light-duty) vehicles, can vary though as extremely as from 1%-15%, with 
a medium forecast of 5%17. For the 8.3M automobiles18 this would be somewhere between 83k 
and 1.2M EV’s. To translate this number into an hourly peak demand, we should include all 
vehicle types, covered distances, “fuel” economy, and charging curves. 
 
Instead of performing these calculations, we’ll take the more direct estimate of the impact on US 
peak demand from figure 3.5 of EIA’s Global EV Outlook 202019 of 3%-6% in 2030. This 
estimate is for the more progressive sustainable development scenario, while numbers for the 
stated policies scenario would be up to a factor of three lower, according to figure 5.3 of the 
same report. We would suggest a middle value of 3.5% as a base estimate for any P50 forecast 
and add 2.5% on either side as confidence intervals. We want to note that ERCOT hasn’t 
included this growth in their forecast, nor haven’t we adjusted our linear benchmark for the 
growth of this new technology. 
 
Large industrial loads and territory expansion 
 
Instead of extrapolating typical historical growth, ERCOT has chosen to make specific estimates 
and adjustments for future growth of industrial loads. In total, 0.1-1.4 GW of new industrial loads 
for South (Central) have been added to the forecast for the next ten years. Considering that 
historical total peak demand grew by about 1 GW per year, and assuming similar growth for 
residential, commercial and industrial, about 0.33 GW of the yearly growth can be attributed to 
industrial loads (3.3 GW in ten years). Adding another 1.4 GW risks double counting the same 
loads. We do note that in order to verify this, we would have to study the growth of industrial 
loads in the past five years in more detail. 

 
13 http://mis.ercot.com/misdownload/servlets/mirDownload?mimic_duns=000000000&doclookupId=719820599  
14 http://mis.ercot.com/misdownload/servlets/mirDownload?mimic_duns=000000000&doclookupId=748667142 
15 http://www.ercot.com/news/releases/show/219347  
16 https://afdc.energy.gov/data/10962   
17 Summary Report on EVs at Scale and the US Electric Power System  
18 https://www.fhwa.dot.gov/policyinformation/statistics/2019/mv1.cfm  
19 https://webstore.iea.org/download/direct/3007  



 

 

 
The expansion of ERCOT’s service territory seems to be very similar in nature. ERCOT is 
currently serving about 90%20 of Texas’ electrical power, but in 2012 this number was only 
about 85%21, hence it has been growing on average by about 0.6% per year. Current 
expansions mentioned in the report are Rayburn (2020, 190 MW or 0.3%) and Lubbock (2021, 
500 MW or 0.9%), which, averaged over two years, account for roughly the same amount as 
ERCOT’s historical territory expansion of 0.6% per year. As such expansions could have been 
implicitly incorporated into ERCOT’s base forecast, it is not clear if additional adjustments are 
needed. 
 
The impact of COVID-19 
 
In a previous report22 we estimated COVID-19 to have reduced ERCOT grid load by around 3% 
in April 2020. Later in summer, ERCOT estimated that COVID-19 hardly has an impact 
anymore23, which is perhaps the reason they didn’t include this factor in the LTF report. Indeed, 
when looking at the 2020 peak load, for a summer with average peak temperatures, COVID-19 
has left little trace, as the peak load was in line with previous years. A hypothesis is that any 
reduced activity in commercial and industrial load was offset by increased residential load from 
people working or being quarantined at home.  
 
A Financial Times article24 describes the possibility of lower year to year growth in the coming 
years due to economic scarring, related to COVID-19, amounting to a potential 3.3% decrease 
in loads compared to pre-COVID expected growth. They compare the effects of COVID-19 to 
that of the financial crisis of 2008, stressing that economic scarring after that crisis was even 
larger, which led to a slower recovery than expected. Interestingly enough, this all seems hardly 
visible in the long-term trend of ERCOT’s summer peak demand load, which kept growing 
steadily. 
 
What is the total uncertainty of all drivers? 
  
In this section we wish to quantify and combine all uncertainties into confidence bands. 
Where no numbers were available, we take indicative margins of either 50% or 100% of the 
forecasted driver, which correspond to the 10th and 90th percentiles (P10 and P90) of all 
future scenarios. We estimate some uncertainties asymmetrically because of their nature: 
for example, price responsive loads will probably not go to zero, and with new technologies 
they might in fact double or triple. We also consider the uncertainty in growth of industrial 
loads to be part of the macro-economic growth. 
 

 
20 http://www.ercot.com/about  
21 https://www.puc.texas.gov/agency/topic_files/101/PUC-History_Dereg_ERCOT.pdf  
22 https://amperon.co/blog/covid-19-impact-on-global-energy-markets/  
23 http://www.ercot.com/content/wcm/lists/200201/ERCOT_COVID-19_Analysis_Aug_11.pdf  
24 https://www.ft.com/content/3c2e524f-d1ea-4b02-9e71-e1634b316f99  



 

 

With respect to energy efficiency, it is essential to understand that this goes hand in hand with 
economic growth25. For the data we found from 1983-2004 for the US, the two variables had a 
95% correlation26. Interestingly, the two effects partly eliminate each other; only 47% of the 
yearly 3.3% economic growth resulted in an increased energy consumption of 1.5% due to an 
increased energy efficiency. To estimate the uncertainty of economic growth from the data, we 
take GDP growth data from 1949-201927 and use a 15-year rolling average as an estimate for 
the next ten years, resulting in a standard error of 0.8%. This is comparable but slightly lower 
than the 1.1% we found in literature28. 
 
As an estimate of the combined uncertainty of economic growth and energy efficiency, for 2030 
we take 47% of 1.629 standard deviations of economic growth, resulting in an uncertainty band 
of about 0.66% year-over-year. Using a similar technique, but with a horizon of only one year 
ahead, we estimate the uncertainty for 2021 to be 1.8%. Assuming for now that all uncertainties 
are independent, we finally calculate overall P10 and P90 confidence intervals and add two 
simple interpolations as indications of P25 and P75.  
 
We present the estimated loads and confidence intervals in Figure 3, and a direct comparison of 
the underlying uncertainties for 2021 and 2030 in Figure 4. Finally, we summarize the base for 
these calculations in Table 2. 
 

  
 

Figure 3: Long term summer peak demand forecast with P10-P90 confidence  
intervals, based on all mentioned uncertainties as in Table 2 

 
We predict somewhere between a 3% (P10) and 23% (P90) growth towards the end of the 
decade with respect to the last measured 2020 summer peak load of 74.3 GW. For the 
shorter term of 2021, we believe the weather will be by far the most important source of 
uncertainty. For the longer run, towards 2030, macroeconomic factors, including energy 

 
25 A. Rajbhandari and F. Zhang, “Does Energy Efficiency Promote Economic Growth? Policy Research Working Paper; 8077, 2017  
26 https://openei.org/datasets/dataset/energy-intensity-indicators-in-the-u-s-economy-wide-1949-2004  
27 https://www.macrotrends.net/countries/USA/united-states/gdp-growth-rate  
28 P. Christensen, K. Gillingham, and W. Nordhaus, “Uncertainty in forecasts of long-run economic growth”, PNAS 2018 
29 as 1.644 standard deviations correspond to the P10 and P90 confidence intervals 

Source Benchmark ERCOT 
GW per Year P10 P25 P50 P75 P90 P50 

2021 72.4 74 75.6 77.2 78.8 77.2 
2022 73 74.8 76.6 78.3 80 78.9 
2023 73.6 75.6 77.5 79.4 81.3 80.3 
2024 74.1 76.3 78.5 80.6 82.7 81.3 
2025 74.6 77.1 79.5 81.8 84.2 82.1 
2026 75.1 77.8 80.5 83 85.6 82.8 
2027 75.5 78.5 81.4 84.3 87.1 83.6 
2028 75.9 79.1 82.4 85.5 88.6 84.4 
2029 76.3 79.8 83.4 86.7 90.1 85.1 
2030 76.7 80.5 84.3 88 91.7 85.8 



 

 

efficiency and development of industrial loads, become even more important sources of 
uncertainty.  
 
Over this time horizon, rooftop PV will most probably remain a small contributor, while 
demand response and EV might become almost as important as the weather. The impact of 
market expansion is not as clear to us, as we expect it to come with additional generation 
capacity for the new territories. 
 

 
 

Figure 4: Comparison of uncertainties for the 2021 (left) and 2030 (right) long term summer peak 
demand forecast, corresponding to the P10 and P90 confidence intervals 

 
 

Uncertainty Low High Combined Timeframe Source or Explanation  

Weather -3.5% +3.5% 7.0% constant taken from ERCOT’s 2021 LTF Report 

Economy (Incl. 
Energy Efficiency) 

-1.8% 
-0.66% 
-6.8% 

+1.8% 
+0.66% 
+6.8% 

3.6% 
1.32% 
13.6% 

In 2021 
yearly 
In 2030 

1 year ahead uncertainty for 2021, 
average 10 year ahead uncertainty: 0.66% per year, 
total cumulative uncertainty in 2030 

Rooftop PV -0.8% +0.4% 1.2% in 2030 half or double of the 640 MW reduced peak demand in 
2030, taken from ERCOT’s 2021 LTF Report 

Demand Response -1.5% 
-3.0% 

+1.5% 
+1.5% 

3.0% 
4.5% 

In 2021 
in 2030 

half of the ~3 GW Demand Response in 2021,  
half or double this value in 2030 

Electric Vehicles -2.5% +2.5% 5.0% in 2030 1-6% increase in peak demand, as inferred from the EIA 
Global EV Outlook 2020 

Market Expansion -3.0% +3.0% 6.0% in 2030 50% more or less than the base forecast of 0.6% per year 

 
Table 2: Base for quantification of uncertainties, 2030 percentages calculated by dividing the 

estimated uncertainty over a summer peak demand of 83.4 GW 
 

 
 
  



 

 

A winter peaking RTO 
 

 
 

Figure 5: Predicted vs actual demand over the February 2021 ERCOT blackouts30 
 
After the blackouts of February 2021, it has now become clear that ERCOT can peak in the 
winter, as opposed to the summer, as evidenced by the counterfactual forecast of a 76.7GW 
(had there been no blackouts) depicted in Figure 5. This value is higher than ERCOT’s previous 
all-time demand record of 74.8GW, set on August 12, 2019. 
 
If we look at century of yearly minimum and maximum extreme temperatures in Dallas since 
1914 31 (Figure 6), we see that winter low extremes (blue values on the left) have a much fatter 
tail and a wider standard deviation than the summer high extremes (red values on the right). 
This would indicate that it’s much less likely that we’ll see an extreme tail event in summer like 
we did this past winter. Given that winter tail events are much more likely than summer tail 
events, we believe that a full winter peak demand forecast should be added to ERCOT’s long 
term reports. The current ERCOT report offers only a marginal treatment of the winter peak 
demand for a single weather zone, COAST. Recently, we dedicated a separate blogpost to 
these outages32.   
 

 

 
30 https://www.eia.gov/todayinenergy/detail.php?id=46836  
31 https://www.ncdc.noaa.gov/cdo-web/search 
32 https://amperon.co/blog/ercot-cold-snap/   



 

 

Figure 6: Dallas yearly maximum summer and minimum winter temperatures since 1914, from the 
NOAA daily summaries for Dallas weather stations USW00093928 and USW00013960. 

 
Additionally, since 1989 was the last extremely cold winter, none of the LTF reports since 2005 
have shown any winter peaks coming close to the summer peaks and have therefore been 
neglected, since they only consider the past 15 years of weather data. A longer historical 
training period to capture outlier weather scenarios would be a good addition to the reports. 
 
Final Thoughts 
 
In this review we went over ERCOT’s overall methodology, and suggested ways to improve it. 
We found a persistent bias on the high side of the actuals, which we believe should be rectified 
in future reports. We also went into detail regarding impacts of the various factors and 
uncertainties, offering a new way in which to view the report. We hope our detailed feedback will 
be taken as a challenge by ERCOT to further improve their methods and make cleaner and 
clearer reports in the years to come. We also hope that other market participants will find our 
ideas useful and they will help them make more educated decisions vis-a-vis the fresh insights 
into the driving forces of peak load. 
 
 
 


