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The installation of an energy management system (EMS) is an investment. However, it’s an investment that pays for itself over 
time with a reduction in energy and efficiency expenditures.

We estimate that project payback is typically approximately 2-5 years depending on industry, size of deployment and level 
of integrations. There are many factors that weigh into this estimate. The purpose of this white paper is to identify the primary 
factors that affect EMS payback. 

Note: although energy savings can be projected under static conditions, in no way are energy savings guaranteed; dynamic elements are often not included in payback 
analysis.

Our Research
Telkonet’s energy management system has collected and stored over 10 years worth of granular data about its customers’ energy 
usage over time. For each property, the EMS has also collected data about the property’s region, climate, cost of utilities, and HVAC 
types.

With the abundance of data Telkonet has collected, we’ve conducted a detailed, data-driven analysis of the static—and some of 
dynamic—elements that affect project payback. 

Our study was limited to networked systems, often using a PMS (property management system) interface to the EMS. 

The initial catalyst for this data analysis project was to confirm that our energy savings projections correlated with real-time data 
measurements taken by our system.
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Who Asks for Validation? 
Typically, public service commissions (independent regulatory 
agencies serving public interests) now require energy rebate audits, 
performed by independent third parties. The scrutiny is intense and 
likely to further intensify.

Telkonet’s engineers have always been confident that the data 
within our EcoCentral platform represents actual HVAC energy 
savings for the customer. But we’re often asked, “how can that 
data can be statistically assessed by energy modelers tasked with 
scrutinizing the energy savings claims for end customers applying 
for energy rebates?”  

In this white paper we break down this validation exercise into its 
elements and assess how they drive energy savings. 

We Considered 5 Drivers 
There are five drivers of EMS project payback. We set out to learn 
which are the most powerful drivers affecting project payback. We 
gathered 10+ years of real-time savings data, and analyzed the 
following elements that affect each of our properties:

1. Humidity Ranges 

2. Temperature Ranges

3. Electrical Rates

4. Natural Gas Rates

5. HVAC Types

First, Understand  
Occupancy-Based Thermostats
Occupancy-based thermostats are ONLY similar to setback 
thermostats in that the goal is to save energy by avoiding HVAC 
runtime when the room is “supposed” to be unoccupied. 

That said, occupancy-based thermostats are NOT the same as 
setback thermostats. Traditional setback thermostats operate on 
a pre-defined schedule: they operate on the assumption that the 
occupant will be away at certain times of the day or night (such 
as 8:00 am to 4:00 pm weekdays). During those pre-determined 
times, the temperature is allowed to drift. Then at a pre-determined 
time, when it is presumed that the occupant will return (perhaps 
late afternoon), the temperature will return to its setpoint. Perhaps 
that is effective for your home; it’s not effective in living spaces 

for industries we serve (e.g. hospitality, higher education, MDU’s, 
senior living, military housing). 

Occupancy-based thermostats on the other hand, do NOT operate 
on a pre-defined schedule. Rather, they rely on motion and heat 
sensors to determine whether the living space is occupied; and 
when unoccupied, the temperature is allowed to drift. 

In other words, setback thermostats presume occupancy status, 
often incorrectly. Occupancy sensors operate on true occupancy 
status of the occupant’s room.

Humidity
An overabundance of humidity causes extensive damage to 
property and can threaten the health of certain people. Some 
establishments attempt to use air conditioners to “squeeze” 
excessive humidity out of the air. 

Some EMS systems rectify high humidity this way: they aggressively 
chill/heat/chill the air when the room is unoccupied. It doesn’t 
matter what the temperature is while the humidity is being removed, 
because no one is there to notice.

If room humidity is unusually high when an EMS is installed, the 
air is conditioned even more aggressively until a predetermined 
RH% (relative humidity percentage) is met. When occupants 
return, the room temperature returns to setpoint. Then when the 
occupant leaves again, the HVAC resumes its work of aggressively 
dehumidifying the room.

Once the RH% is met, the air conditioner can run less aggressively, 

How Telkonet Handles Humidity
Telkonet’s Refresh Cycle is an example of an effective 
passive dehumidification solution. By adjusting both the 
length and the frequency of the refresh cycle drives, the 
Refresh Cycle can keep relative humidity at manageable 
levels during periods of inoccupancy. It can be an 
effective dehumidification strategy for systems that do not 
have any provisions for active dehumidification--such as 
reheat elements. The Refresh Cycle comes at the cost of a 
small reduction in runtime savings during the unoccupied 
period, which varies based on the length and frequency 
of each Refresh Cycle. 
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with the dual goals of maintaining RH% and temperature.

So, in summary, the HVAC system works aggressively to remove 
high humidity when no one is present, then prioritizes occupant 
comfort when they return.

The payoff is lower relative humidity, and healthier living spaces 
without damage to furniture, walls, tile, etc. The price to be paid 
is the sacrifice of some energy savings during this initial period of 
aggressive dehumidification. Once complete, increased energy 
savings can then be continue to be pursued. 

Bottom Line
At least initially, excessive humidity does not contribute to payback. 
But it certainly prevents a property from the expensive proposition 
of replacing damaged furniture, drapes, tile, carpeting, etc. on a 
frequent basis.

Temperature
65˚ has been a widely accepted temperature at which human 
beings are comfortable, without needing HVAC whatsoever. When 
an occupant feels comfortable enough with their room temperature, 
they feel no need to adjust the thermostat. The less an occupant 
adjusts the setpoint temperature, the more energy is saved, which 
contributes to faster payback.

This seems obvious, but the math behind this is calculated in terms 
of “heating degree days” and “cooling degree days”. The fewer 
“degree days” you use, the faster the payback of your investment.

What are “Heating Degree Days” and 
“Cooling Degree Days”?
Let’s pretend that the outdoor temperature is 65°F all day and all 
night all year round. Based on our definition of “degree days”, 
you will need zero “degree days” of HVAC heating or cooling 
— forever. So there are no energy savings possible because the 
HVAC is not using any energy to begin with. 

But if your HVAC is lowered to 55°F in the summer and remains 
there all day long, that means you have a 10 cooling degree day, 
because your air conditioner is running all day. 

If your HVAC is raised to 75°F in the winter and remains there all 
day long, that means you have a 10 heating degree day, because 
your furnace is running all day long. 

Bottom Line
By reducing your heating and cooling degree days (such as not 
running the HVAC at all when you are not in the room), you are 
reducing your HVAC energy costs in direct proportion to the total 
amount of heating and cooling degrees days you don’t use. 

The fewer degree days you use, the faster the project payback, and 
the greater the monetary savings stream long term.

However, even though managing your degree days is of high 

NOAA Explanation of Heating  
and Cooling Degree Days
A mean daily temperature (average of the daily 
maximum and minimum temperatures) of 65°F is 
the base for both heating and cooling degree day 
computations. Heating degree days are summations 
of negative differences between the mean daily 
temperature and the 65°F base; cooling degree days are 
summations of positive differences from the same base. 
For example, cooling degree days for a station with daily 
mean temperatures during a seven-day period of 67, 65, 
70, 74, 78, 65 and 68, are 2, 0, 5, 9, 13, 0, and 3, for a 
total for the week of 32 cooling degree days.

http://www.cpc.ncep.noaa.gov/products/analysis_monitoring/cdus/

degree_days/ddayexp.shtml
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importance, utility rates are also at play affecting your payback. 
Electrical and natural gas rates are two more elements that can 
affect project payback. Read on.

Electrical Rates
Electricity supply is widely available across the U.S., and certainly 
even more so than natural gas supply.

The higher the electricity rates, the faster your payback. If you’ve 
been paying exorbitant electricity rates (such as in Hawaii), and 
you reduce your usage in such degree days, your payback time is 
shortened. 

Electricity prices vary by locality because of the availability of 
power plants and fuels, local fuel costs, pricing regulations, and 
demands of their own stockholders. In 2018, annual average 
electricity prices ranged from approximately 7.44¢ per kWh in 
Louisiana, to about 30.53¢ per kWh in Hawaii.

Hydro-electrical power is the lowest-priced power generation 
available. Therefore, the electrical rates in our country are often the 
lowest near hydroelectric power generation, such as along major 
rivers in the northwest or where pumped-storage hydropower 
is utilized (see Figure 5). So, it will be challenging to get fast 
payback, often in mountainous regions, where the electricity rates 
are so low. 

The structure of electricity rates is also based on a variable-price 
supply model, such as “critical peak pricing” in demand-response 
areas. The more it is used, the more per kWh it costs1. 

Electrical Rates (especially demand charges) significantly affect 
HVAC savings and hence project payback.

Unlike natural gas, electricity rates are highest where the 
population density is high, regardless of the temperature across 
the country, because in terms of energy marketplace competition, 
electricity supply has at most, one competitor.

Worse yet, the U.S. continues to upgrade its electrical transmission 
and distribution infrastructure, and that will continue to drive 
electricity rates up over the long term. 

Bottom Line 
In terms of payback, in general, reducing electricity consumption 
will shorten EMS project payback.

Natural Gas Rates
Natural gas for heating has become increasingly more efficient 
over the years. Its rate structure is based upon a fixed-price cost for 
supply. So the more you use it, the less per therm it costs. 

Additionally, years ago the United States became a major exporter 
of natural gas, and that strategy will continue to drive rates down 
over the long term. According to the US Energy Information 
Administration, “total annual exports have generally increased 
each year since 2000 as increases in U.S. natural gas production 
contributed to lower natural gas prices and the competitiveness of 
U.S. natural gas in international markets.2”

Furthermore, since distribution is spread out rather well across the 
geography of the cold and moderate temperature ranges, the 
result is lower than average rates in those parts of the country. So, 
regarding EMS payback, natural gas rates do not shorten EMS 
payback time significantly. That said, since natural gas is more 
efficient and therefore offer reduces heating operating costs when 
compared to electricity, natural gas offers far better operational 
savings over the long term.
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Bottom Line
Natural gas rates by themselves have a shallow impact on EMS 
payback time. But their low rates along with high heating efficiency 
most definitely do reduce HVAC heating operating costs long-term.

HVAC Type

PTAC/PTHP versus Fancoil
Generally speaking, PTACs are less efficient than fan coils. Their 
basis is electrical power use as opposed to central boiler and 
chiller use. Surprisingly however, our analysis of the data collected 
over the last decade shows there is only a two-month difference 
between project paybacks for PTAC/PTHPs and those for fancoil 
units when using occupancy-based thermostats. 

PTAC/PTHPs have a slight advantage when it comes to shorter 
payback. This is because PTAC/PTHPs are electricity-based, and 
not boiler/chiller based. And since electricity is comparatively 
more expensive than natural gas, project payback is thus 
somewhat faster.

So, there is little difference in payback between PTAC/PTHPs and 
fancoil units, when using an occupancy-based thermostat designed 
for unitary HVAC environments. 

Unitary Room Controls and Central Controls
What are unitary room controls and central controls? Speaking in 
terms of hotel rooms, dormitories, individual apartments, and other 
similar properties, “unitary room controls” operate in individual 
rooms. “Central control systems”, on the other hand, control 
common areas—the areas other than the individual rooms.

We have found sluggish EMS payback to often be the result of:

1. Having been caught up in the narrow approach to 
deploy only low cost unitary room controls, or 

2. Deploying only central control systems, a much more 
expensive approach than unitary room controls.

Certainly both approaches are acceptable. But in terms of optimal 

return on investment, neither achieves the sweet spot of shorter 
payback time and greater energy savings capture long term.  

The best payback occurs when unitary HVAC systems and central 
systems work together, hand-in-hand, to noticeably improve 
payback. This happens when an EMS interfaces with the building 
management system (BMS/BAS).

A recent EMS database analysis shows that a low cost yet 
integrated unitary and central control system pays for itself in 3 
or fewer years. And by having central control of each room’s 
performance, properties are able to capture additional savings 
through granular adjustment of the thermostats. 

Bottom Line
Integrating unitary room controls with central control systems has a 
measurable impact on your overall return on investment from both 
unitary and central systems. To obtain the best possible savings, 
purchase the unitary room control system and the central control 
systems from one vendor experienced in both.

Region
Our studies revealed several things, two of which we have outlined 
here: 

One is that an attractive EMS payback (2-5 years) is achievable 
across the entire US. Electricity rates are of such an impact that any 
location can benefit from EMS deployment. 

Another revelation, unsurprisingly, is that regions with the 
combination of cold temperatures and high electricity rates have 
the edge on offering the shortest EMS payback time. 

This is because, in cold climates, there’s both a high number of 
heating degree days AND cooling degree days, unlike areas with 
hot temperatures only, where there are only cooling degree days.

Refer to Table 1 for the results of our payback study in terms of 
regional ranking. The results might surprise you.

To emphasize, this does not suggest that other regions offer poor 
payback potential; rather, these regions simply have the edge in 

Average Natural Gas Rates in U.S.
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offering the best payback potential in general.  Factor in the impact 
of utility rebates, and any of these regions can offer payback far 
less than three years. 

Take-Aways
• Natural gas prices have narrow and shallow impact  

on payback.

• Electricity prices have a broad and deep impact  
on payback. 

• Temperature versus total heating and cooling degree days 
drives payback. 

• Actual guestroom occupancy aggressively drives savings 
and payback.

• Recovery Time® optimizes payback regardless of  
HVAC Type.

• Effective passive dehumidification solutions such as 
Telkonet’s Refresh Cycle® lengthen payback but save 
furniture, walls, carpeting and guest/occupant health.

• Less than three-year paybacks are feasible across 
the U.S.

Payback 
Months

EcoCentral 
Savings %

Regional 
Rank

Temperature / Electrical 
Conditions vs Region Study Cities

27.2 44.8 % 1 Cold Temp High Electrical
Oxford ME; NYC NY, Columbus OH, Akron OH, Milwaukee WI, 
Menomonie WI

29.7 40.3 % 2 Cold Temp Mid Electrical
Cadiz OH, Cleveland OH, Box Elder SD, Philadelphia PA, 
Indianapolis IN, Notre Dame IN

30.7 39.8 % 3 Mod Temp Mid Electrical
Chincoteague VA, St Louis MO, Bethany KS, Hilton Head SC, Fort 
Belvoir VA, Nashville TN

30.8 39.6 % 4 Hot Temp High Electrical
St Augustine FL, Orlando FL, Birmingham AL, Houston TX, 
Commerce TX

34.2 40.5 % 5 Hot Temp High Electrical
St Charles LA, Biloxi MA, Spartanburg SC, Savannah GA, Ada OK, 
Tonkawa OK

36.5 38.3 % 6 Mod Temp High Electrical
Napa Valley CA, San Jose CA, Pasadena CA, Lake Havasu AZ, 
Manhattan KS, Alexandria VA

34.8 34.6 % 7 Cold Temp Low Electrical
Brooklyn NY, Portland OR, Orem UT,  Park City UT, Bellevue WA, 
Ketchum ID

34.8 33.0 % 8 Mod Temp Low Electrical
Covington KY, Belleview NC, Louisville KY, Nashville TN, Charleston 
WV, Raleigh NC

32.6 28.1 % 9 Hot Temp Mid Electrical Palms SC, St Louis KS, Chapel Hill NC,   Davenport IA, Canton MO

Summary
We have assessed that aggressively performed passive 
dehumidification does lengthen payback, but it helps 
prevent furniture and carpet damage due to mold and 
mildew.

Electricity rates have a deep impact on EMS payback 
time and operating costs, especially given that its cost 
consistently rises. This is especially true for properties 
using occupancy-based thermostats controlling PTACs 
and PTHPs, where project paybacks of less than 2 years 
have been found in the cold, hot, or even moderate 
temperature ranges of the country. Additional long-term 
operating costs can be obtained via integrations with 
guest room door locks, and PMS (property management 
systems) and BMS (building management systems) to 
capture additional room vacancy opportunities resulting 
in less HVAC use.

EMS payback times are favorable any time you reduce 
energy consumption, even with the low natural gas rates 
found in the moderate temperature range. And because 
electricity is inefficient compared to natural gas, payback 
time is always shorter than natural gas regardless of 
the temperature range. The integration of a property 
management system and a building management system 
increases payback.
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