
At the Lexington Square Condominium Association, each unit is billed for their individual 
electricity usage. However, the Association itself also receives electricity bills for our common areas 
and infrastructure, which are passed on to unit owners in their monthly condo fees. The Association’s 
electricity bills account for almost one sixth of our 2012 operating budget, so it’s important to 
understand how we use electricity, how we’re billed, what factors drive our bills, and how we might 
forecast our bills and try to save money.

The Association’s electricity bills
In this section, we’ll look at how many electricity bills the Association receives, what the electricity is 

used for, and how the Association’s commercial electricity bill differs from the residential electricity bills 
that most of us are familiar with.

How we are billed for electricity

We receive three electricity bills each month from Dominion Virginia Power. One is for the 3830 side 
of the road, which includes Towers 3 and 4 plus the courtyard. Another is for most of the 3835 side of the 
road, which includes Towers 1 and 2. The last bill is about 1/4 the size of the others, and covers the pool 
area on the 3835 side of the road. In this report we’ll be looking at the total of all three bills, unless 
otherwise noted.

The bills that we receive as unit owners are residential bills, and most of us are basically familiar with 
how they work. We’re billed for how many kilowatt hours (kWh) of electricity we use, plus assorted fees, 
surcharges, and taxes. It doesn’t matter if we use those kilowatt hours all in a single week, or if we spread 
that usage out over the entire month. This is known as usage billing.

A commercial electricity bill includes another major factor. The Association has equipment that can 
require a lot of electricity at once, and because Dominion has to build their plants to fulfill the 
simultaneous demand of all of their customers, they also bill commercial accounts for demand: the 
maximum number of kilowatts (kW) drawn over any half hour in the month.1 So it can make a significant 
difference if the Association uses a lot of electricity in a burst (high demand), or spreads it out. This will 
be discussed in more detail later.

How much we pay for electricity

Over the last four years, we’ve averaged $205,000 a year for electricity. April has been our lowest 
month, averaging $450 per day, while August has been the highest, averaging $750 per day. This works 
out to around 7.2¢ per kilowatt hour2 over those years. For 2012, we budgeted $215,000 for electricity.

The schedule under which we’re billed is GS-2, the Intermediate General Service schedule. This 
schedule doesn’t include daily peak and off-peak hours3, but does have a peak season (June–September), 
during which rates are higher. Our average bill breaks down to approximately: 42% electricity usage and 
demand charges, 48% surcharges and riders, and 10% taxes.

One problematic aspect of our monthly bills is that the length of Dominion’s billing “month” depends 
on when they read our meters, and has varied from 28 days to 34 days, a difference of 20% which is large 
enough to distort any comparisons. So in this report, we’ll use daily averages for each month: the bill for 
the month divided by the number of days covered by the bill.
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1 Note this is kilowatts, not kilowatt hours. We’re billed for both usage (kWh) and demand (peak kW).
2 This includes all surcharges, taxes, and demand charges and thus isn’t the official rate that we pay for usage.
3 There is a GS-2T schedule which has peak and off-peak hours, but it would cost us 8% more than GS-2.
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The bill for our pool area is about 1/4 the size of the other two bills. The 3830 buildings are 11 stories, 
while the 3835 buildings are 10 stories, which is roughly 10% larger, but the 3830 bills have been less 
than 5% larger over the last four years, which merits further investigation.

Figure 1 shows our electricity costs over the last four years. Notice the wide divergence in the first 
half of the year, and that April and May of 2010 experienced a sharp drop. This is due to two factors that 
complicate our calculations: changing rates and refunds. In 2010, the State Corporation Commission 
(SCC) determined that Dominion had overcharged its customers in 2009, forcing Dominion to roll back 
its rates starting in April of 2010, and refunding the overcharges in our April–July bills. In fact, over the 
last four years, Dominion has changed our rates (up or down) about twice a year, and has issued refunds 
in five billing periods.

How we use electricity

The Association uses electricity in common areas and our infrastructure, including:

Lighting All indoor common areas, including: hallways, stairways, lobbies, garage, party room, 
gym, and some outdoor areas including lights on the building, pole lights near the 
loading dock, and lights in the courtyard and pool areas.

Cooling All indoor common areas.
Heating Entrances, garage elevator lobbies, and some pipe heaters to avoid freezing pipes. 

(Heating is otherwise primarily done by natural gas.)
Ventilation Moving heating/cooling air in all common areas, and fans in the garage.
Closed Loop The pumps that move water in the closed loop system to which our individual unit 

heat pumps are attached, for unit heating and cooling.
Cooling Towers During hot weather, the cooling towers are turned on to extract heat from the closed 

loop into the outside air (via evaporation).
Water Pumps Booster pumps for utility water to units, pool filters.
Other Elevators, other infrastructure equipment.
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Figure 1. Lexington Square’s electricity costs 2008–2011.
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On average, we’ve used 2.8 million kilowatt hours (2.8 gigawatt hours) each year, which averages out  
to about 324 kilowatts every hour.

Analysis of our usage and costs
In this section, we’ll look at our electricity usage and costs through the lens of statistical models, to 

discover any patterns and to better understand the drivers.

Model of electricity usage and seasonality

As a first step in modeling our data, let’s look at our daily usage from two different perspectives to 
see what seasonal relationships we might find.

In Figure 2, we see the relationship between a month’s average temperature and the average daily 
kilowatt hours used that month. The blue line represents a model of this relationship that’s described in 
detail in the Appendix.

The model indicates that year-round we use about 6,100 kWh per day, regardless of temperature. In 
cooler weather: for each degree below 54° (Fahrenheit) electricity usage increases by 64 ± 10 kWh per 
day. In warmer weather: for each degree above 54° electricity usage increases by 141 ± 6 kWh per day. 
So the warm weather increase per degree is roughly 2.2× the cool weather increase, which makes sense 
considering that we mainly use gas heat in our common areas. (Notice that the warm-weather increase is 
more precise as well.)

Our year-round, non-seasonal usage (6,100 kWh per day) adds up to around 80% of the total usage 
each year, which means that roughly 20% of our overall usage is seasonal. The term “seasonal” obviously 
includes warmer and cooler temperatures, but it also includes things like the length of the day, residents’ 
work and vacation schedules, whether the pool is open or not, and other time-of-year-related factors.

In Figure 3, we can clearly see the annual cycle of usage. Usage is about 33% higher in June through 
September than during the rest of the year. This higher usage happens to correspond to the peak season in 
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Figure 2. The middle of each month name indicates the month’s average temperature at Reagan 
National Airport (DCA) and how many daily kilowatt hours were used on average that month. 
The blue line represents a hierarchical linear model of this relationship.
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our GS-2 schedule, which means that we’re using more electricity during the time of year when it’s the 
most expensive4. Compare Figure 3 (usage) with Figure 1 (costs), and you can see how much our billing 
is affected by rate changes, refunds, and other political/business issues.

Model of electricity costs

In order to understand and predict electricity expenses, we have three models which are described in 
more detail in the Appendix. To briefly describe them: The first uses the Census Bureau’s X12-ARIMA 
program to create a standard ARIMA time-series model. The second uses a linear mixed-effects model. 
The third uses a dynamic linear model (DLM), and is the one that we’ll show here.

Figure 4 summarizes the results of the DLM model. The DLM factors out refunds and other odd 
changes, leaving two main components: 1) the overall trend, and 2) the seasonal component. The black 
line show our actual expenses from 2008 through January of 2012 — note the large refunds in 2010. The 
red line is the DLM’s trend, which jumped in mid-2008 when rates were dramatically raised, followed by 
declines in 2010 when Dominion had to roll back rates, and a small increase at the end of 2011. The blue 
line corresponds to the yearly seasonal cycle (added to the trend for plotting), which ranges from 
approximately 18% below trend to approximately 32% above trend. When we compare the peak season 
(June–September) to the rest of the year, it’s approximately 34% higher.

When we look at the trend, it’s been remarkably stable: the last 18 months it’s been around $600 per 
month, and for nearly two years before that was around $650 per day. Some of this stability may be due to 
Dominion’s diversity in power generation sources, which in 2010 were: 41% coal, 38% nuclear, 12% 
natural gas5, 7% hydro and other renewables, and 2% oil.

As of January, 2012, the DLM forecast for 2012 is $206,000 ± 10.5%, which is down from the 
forecast back in September of 2011, when we budgeted $215,000 for 2012’s electricity. These forecasts 
assume no significant rate changes. Dominion will bump up our rates slightly in April if their proposed 
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4 Or perhaps the other way around: they charge more when we use the most.
5 Dominion has proposed building another natural gas plant in 2012.
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Figure 3. The black line is the average daily usage each month over the last four years. The dots 
represent actual values and the blue band represents a 95% confidence interval.
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natural gas plant is approved, and it’s likely that there will be adjustments in July and September which 
has been a pattern for the last few years.

Possible savings
In this section we’ll look at a couple of areas where we might achieve cost savings. Any savings fall 

into one of two overall categories: 1) reducing usage (kWh), and 2) reducing demand (peak kW).

Reducing our usage

In 2011, we turned off about half of the lights in our lobbies, without any noticeable loss of brightness 
and safety. This will reduce our load by approximately 1 kW, which adds up to 24kWh per day (out of 
6,000-9,000 kWh), for an estimated savings of  $600 per year. We also installed reflective coating on the 
windows of our common areas, to save energy in the summer and to protect walls and furniture from 
fading. As we replace capital equipment, we may be able to get more efficient units, and this could save 
significantly more energy. The Green Team has investigated solar power (not feasible on our buildings) 
and will investigate other issues like solar heating for pool.

These kinds of projects, though, are picking around the edges of our electricity budget. To identify 
larger savings opportunities, we need to dig into usage in our behind-the-scenes infrastructure where most 
of our money is spent. Since our bills cover entire buildings, this will require buying and using our own 
metering systems that would allow us to isolate the usage (and demand, too) of building subsystems or 
even individual pieces of equipment.

Reducing our demand

As we saw in an earlier section, the Association’s electricity bill features demand billing. Between 
usage and demand charges (and taxes on those charges), demand affects over half of our average bill, 
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Figure 4. Expenditure model. The black line and dots are actual expenses, the red line is the trend 
of the DLM model, the blue line is the seasonal component of the DLM model added to the trend.
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which is substantial. Remember that demand is defined as the highest kW, averaged over a half hour, in 
the billing period, and it applies to each bill individually.

There are two ways that we can tame demand. First, we can try to spread out the load as much as 
possible, to avoid spikes. For example, if we tested the cooling towers on both Tower 1 and Tower 2 at the 
same time, we’d have a larger demand than if we first tested Tower 1 and later tested Tower 2. (Towers 1 
and 2 are on the same bill. We could test Tower 1 and Tower 3 at the same time, since they’re on separate 
bills.)

Second, if we can’t avoid a higher demand, we should be careful where it falls. For example, turning 
on the cooling towers on the last billing day in April will set the entire month’s demand higher, while 
waiting one day would push the higher demand into May (which would have been higher anyhow), 
resulting in a noticeable savings for April’s bill.

In the best-case scenario, we’d spread our usage uniformly throughout the entire month, which would 
result in the lowest possible demand for that usage. In Figure 5, we see the ratio of demand to usage for 
each of our three bills, with a guide to give an idea of when the ratio is “high”. Remember that the bill for 
the pool area is significantly smaller than the other two bills, so even though its demand ratio was higher 
in October of 2011, the actual demand (and bill) was not as large as the others.

It’s not really possible to even our usage perfectly: people use elevators in the morning and evening 
and not at night, it’s hotter in the day than at night, the beginning of a month can be hotter or cooler than 
the end of the month, we turn our cooling towers on for the cooling season, etc. The yellow band is an 
arbitrary threshold that’s intended to highlight months in which our usage was particularly uneven, to 
guide further investigation.6
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6 Keep in mind that some higher demand can’t be avoided. For example, if the first week of September was 
scorching hot (lots of A/C required), and the rest of the month was very mild (little heating or cooling required), a 
high demand would be set during the first week, but overall usage for the month might be low, resulting in a high 
demand and a ratio above the threshold. 
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Figure 5. Demand. The ratio of demand to usage for each bill. The thick yellow line reflects 25% 
higher during winter months and 33% higher during summer months, which are arbitrary but 
perhaps helpful guides. Note that the “pool bill” is about 1/4 the size of the other two.
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Summary
The Association spends almost one sixth of its operating budget each year on electricity for our 

common areas and infrastructure. About 80% of this usage is year-round, and about 20% is seasonal. Of 
the year-round usage, almost 14% is for lighting that must remain on 24 hours a day7, and the rest is used 
in ways that we cannot currently break down to constituent parts.

In 2011, we turned off about half of the lights in our lobbies, without any noticeable loss of brightness 
and safety. We also installed reflective coating on the windows of our common areas, to save energy in 
the summer and to protect walls and furniture from fading. Both of these steps will save small amounts of 
energy. As we replace capital equipment, we may be able to get more efficient units, and this could save 
significantly more energy.

Three key steps that we can take to control and reduce our electricity costs are:

1. Investigate what drives our demand, and seek to smooth it out as much as possible. 
Our electricity demand for a single half hour in a billing period affects half of our 
entire month’s bill, regardless of when that half hour falls in the period, and regardless 
of whether the demand was sustained for hours or just minutes.

2. Investigate metering equipment that would allow us to view the usage and demand of 
individual infrastructure subsystems or even individual pieces of equipment. Without 
this, we can’t tell what equipment might be failing and drawing more power, we can’t 
tell which equipment is driving our demand, and we can’t tell if changes in 
programming or service might make a difference in our usage and costs.

3. Obtain information on comparable buildings in our area to see how we’re doing, and 
whether our resources might be better spent improving other utilities (water and 
sewage, in particular).
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7 See the Appendix.
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Technical appendix
This section contains more technical explanations of the models mentioned in the main text, along 

with more details on our electricity usage and the GS-2 schedule.

Some details of how we use electricity

Since our electricity bills cover entire buildings, they can’t tell us much in terms of detailed usage. 
However, we can count up some usage by walking around the property.

Indoor lights. In our four towers, we have a total of 42 floors, and each hallway has 12 sconce lights 
which currently contain 26-watt compact fluorescents (CFLs), for a total of approximately 312 kWh per 
day (~4% of our usage). The stairways for these floors contain approximately 134 32-watt T-8 fluorescent  
tubes, which adds up to approximately 103 kWh per day (~1% of our usage). Our garages contain 
approximately 530 32-watt T-8 tubes, which adds up to approximately 407 kWh per day (~5% of our 
usage). Once we include lights in lobbies, trash rooms, the gym, etc, approximately 11% of our total 
electricity usage is for 24x7 indoor lighting.

Outdoor lights. We have lights in our courtyard and pool area as well as on our service road that add 
up to approximately 2.8 kW during night hours. This averages out, over the course of the year, to about 
33.6 kWh per day (less than 0.5% of our usage).

Details of the model of electricity usage and seasonality

I’ve analyzed our electricity usage using a hierarchical, mixed-effects model in the the statistical 
program R. (This is the model shown in Figure 2, in the body of the report.) The formula, using the syntax 
of the lme4 package’s lmer command, is:

daily ~ 1 + (1 + I(avg-54) | temp)

Which describes a model consisting of an overall mean usage, and separately for temperatures above 
or below 54° (Farenheit): the class mean difference from the overall mean and a slope dependent on the 
temperature’s difference from 54°. The result is:

Linear mixed model fit by REML 
Formula: daily ~ 1 + (1 + I(avg - 54) | temp) 
   Data: elect6 
 AIC   BIC logLik deviance REMLdev
 715 724.5 -352.5      716     705
Random effects:
 Groups   Name         Variance   Std.Dev.   Corr  
 temp     (Intercept)  2.1686e-06 1.4726e-03       
          I(avg. - 54) 1.2008e+04 1.0958e+02 0.000 
 Residual              1.0123e+05 3.1817e+02       
Number of obs: 49, groups: temp, 2

Fixed effects:
            Estimate Std. Error t value
(Intercept)  6085.38      96.54   63.04

and the random effects are:

> ranef (b2)
$temp
       (Intercept) I(avg - 54)
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cooler           0    -64.21207
warmer           0    140.69719

> se.ranef (b2)
$temp
            [,1]     [,2]
[1,] 0.001472608 5.216088
[2,] 0.001472608 3.147159

Which can be summarized in prose as: our non-seasonal usage averages 6085 ± 190 kWh per day, in 
months where the average temperature is below 54° this usage increases by 64 ± 10 kWh for each degree 
cooler, and in months where the average temperature is above 54° this usage increases 140 ± 6 kWh for 
each degree warmer. (At a 95% confidence level.) The temperature of 54° seems to be a seasonal neutral 
point which typically occurs around March–April and October–November each year.

Note that DCA is at a lower altitude than Lexington Square, and is adjacent to the Potomac River, so 
our average temperature is similar, but not the same. DCA provides an official temperature record and 
forecasts, so it was chosen rather than a closer but less-official source.

Details of the model of electricity costs

I have built three models for our electricity costs, each of which uses a different technique on our 
billing data from 2008–2011.

The first model is an ARIMA (0, 1, 1)(0, 1, 1)12 model implemented using the X12-ARIMA software 
from the US Census Bureau. This model is also known as the “Airline Model” because it was first used to 
forecast airline passengers.

The second model is a hierarchical, mixed-effects model using the lmer command with the formula:

dollars ~ 1 + I(refund/days) + (1 | month) + (1 | regime)

Which means that we’re going to model the average cost per day in four parts: 1) an overall average 
baseline, 2) any refunds, 3) each month’s average difference from the baseline, and 4) rate changes. The 
results from lmer are:

Linear mixed model fit by REML 
Formula: dollars ~ 1 + I(refund/days) + (1 | month) + (1 | regime) 
   Data: elect5 
   AIC BIC logLik deviance REMLdev
 503.6 513 -246.8    499.9   493.6
Random effects:
 Groups   Name        Variance Std.Dev.
 month    (Intercept) 11147.99 105.584 
 regime   (Intercept)  2762.77  52.562 
 Residual               366.23  19.137 
Number of obs: 49, groups: month, 12; regime, 5

Fixed effects:
                Estimate Std. Error t value
(Intercept)    564.49130   38.68839  14.591
I(refund/days)  -0.97400    0.09751  -9.989

So the overall average expenditure is about $564.49 per day, and the current (January 2012) billing 
regime is right around that average. Examining the random effects (months), not shown here, May and 
October are at the baseline,  November averages $123 less, and July/August average $153 more.

The third model is a dynamic linear model (DLM), using the dlm package in R. This model features a 
trend component, a seasonal component consisting of the first two harmonics of the Fourier series, and a 
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linear regression to account for additive outliers and level shifts. (This is the model shown in Figure 4 in 
the body of the report.)

In Figure 6, we can see the DLM and compare its trend to the trend components of the other two 
models, and they seem to be consistent. The level shifts (open triangles) and additive outliers (open 
circles) were identified in advance and entered as inputs to the linear regression component of the model. 
January’s actual bill. Since significant rate changes were entered into the model, the forecast assumes no 
major rate changes during 2012, which is unrealistic but there’s no way to tell how much or in what 
direction our rates might be changed in the tug-of-war between customers, the SCC, and Dominion.

This document is currently being worked on and is a first DRAFT.
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Figure 6. Models Compared January, 2012. The black line indicates actuals. The thin red line is 
the DLM. The thick lines indicate trends from the three models: red for the DLM, green for the 
mixed-effects, and blue for X12-ARIMA. The blue band is the 95% forecast interval for the DLM’s 
forecast for 2012. Open triangles indicate level shifts and open circles indicate additive outliers.
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