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Comfort control for short-term occupancy
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Abstract

This paper describes the logic of a microprocessor-controlled thermostat termed ‘comfortstat’ to address
the needs of temporary room occupants such as hotel guests while reducing energy consumption. The
‘comfortstat’ design grew out of a study of thermal comfort control in a luxury hotel in San Francisco,
California, USA. Hotel guests frequently arrive from widely disparate climates and have high expectations
of the thermal environment. Their short-term occupancy (for periods ranging from one day to several
weeks) provides a unique challenge for thermal comfort control. We examined the hotel complaint log,
collected detailed physical measurements of the thermal environment in typical hotel rooms, assessed
the HVAC (heating, ventilating and air-conditioning) systemn capacity and response time, and surveyed
315 hotel guests over a five-month period. The results of this study led to the design of a thermostat
control system (the ‘comfortstat’) that would solve the most serious problems. The ‘comfortstat’ integrates
an infrared occupancy sensor, door switch, radiant temperature sensor, and control logic to optimize
room conditions while ‘learning’ about the occupant’s preferred comfort zone. This paper focuses on
how the joint requirements of the guests and the hotel management guided the design of the ‘comfortstat’
for increased occupant satisfaction and lower energy use in the hotel. The concepts are completely
generic and could be applied to the design of comfort systems for other types of short-term occupancy.
We present control logic flowcharts and typical examples of the action of the hotel ‘comfortstat’ in

response to data received from the physical environment and/or human input.

Introduction

Guest satisfaction and comfort are critically im-
portant for hotels, where a successful business
depends on return customers and positive recom-
mendations from satisfied guests. Heating and cool-
ing of guest rooms can represent a substantial
fraction of a hotel’s heating, ventilating and air-
conditioning (HVAC) expenses [1]. A successful
environmental control strategy for hotel guest rooms
(or other short-term occupancies) is one that re-
sponds to the guests’ immediate thermal needs while
conserving energy over the long term.

Conventional environmental control strategies for
hotels allow only limited occupant control, collect
minimal or no data from the physical environment,
and rarely use logic for interpreting guests’ heating
or cooling requests. As they grant control of the
thermal environment to the occupant, they generally
leave little opportunity for energy conservation. The
typical fan-coil and wall units are in this category.
Other strategies allow little or no control by the
occupant and may significantly reduce comfort. An

example would be central AC operation with ex-
ternally imposed energy-conserving shutdown pe-
riods. The ideal circumstance would balance these
two approaches, maximizing savings and satisfying
guests’ thermal needs through all phases of hotel
occupancy. This objective can be achieved through
three specific steps. First, adopt an operational
scheme for hotel occupancy that recognizes and
responds differently to three distinct conditions for
a guest room: (1) occupied, when the guest is
physically in the room; (2) unoccupied, when a
registered guest is checked in but is not physically
in the room; and (3) unregistered, when no guest
is checked in for that room. Second, use a structured,
logical sequence of HVAC operational choices to
provide comfort and energy conservation while the
guest is in the room. Third, use a room sensor that
measures more than just air temperature, i.e., a
sensor that incorporates a few more of the properties
of the physical environment that are needed to
evaluate human thermal comfort.

In establishing a hotel-room environmental control
strategy, room occupancy patterns must be com-
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bined with the principle of running mechanical
equipment only when needed, in order to conserve
energy. The occupancy recognition feature is im-
portant, because registered hotel rooms are left
unoccupied more than 50% of the time {2, 3]. While
it is important to maintain guest satisfaction by
providing the desired levels of heating and cooling
while the room is occupied, leaving the HVAC
operating in an unoccupied room translates into a
significant waste of energy and money. Recent stud-
ies of air-conditioning control use patterns [4-6]
have focused primarily on residential systems and
residential needs. In a residential system, the user
has ample opportunity to become familiar with
operating the controls, and the system can eventually
be tuned to satisfy any pattern of preference. In
contrast, a hotel-room system or other system for
short-term occupancy must require only minimal
understanding of the controls, automatically gather
sufficient data regarding the guest’s preferences to
provide comfort in a short period of time, and reset
itself with each new room resident. These differences
appear deceptively simple but have important con-
sequences for controls design and system operation.

A hotel comfort study

The ‘comfortstat’ design presented here grew out
of a year-long study of thermal comfort in a luxury
hotel in San Francisco, California, USA [7]. In the
study we pursued two major goals: (1) to investigate
the existing thermal comfort conditions in a hotel
environment, and (2) to define methods and devices
for improving guest service and conserving energy
in the hotel HVAC system. Our research approach
involved several specific steps. We examined the
hotel complaint log to obtain a rough estimate of
the number of comfort-related complaints, their
causes and possible solutions. We measured the
thermal conditions and subjective responses in typ-
ical hotel rooms in order to define the thermal
characteristics of the rooms and the response of
the HVAC system. Our measurement program uti-
lized the following methods:

(1) detailed measurements of physical environ-
ments taken over a week-long period in two rooms;

(2) measurements of air temperature and hu-
midity in many rooms taken during the maids’ daily
rounds;

(3) long-term (three-month) measurements of air
temperature and humidity collected in six occupied
rooms;

(4) a questionnaire for guests concerning their
thermal comfort, placed in guest rooms;

(B) occupancy sensors and various operational
features of energy management systems for im-
proving comfort and energy performance.

Based on an analysis of the promising features
of available products, the results of our inquiries
detailed above, and the unique requirements for
comfort control in hotel rooms, we developed a
prototype model for a new hotel ‘comfortstat.” The
‘comfortstat’ is designed to provide optimal guest
comfort while still taking advantage of available
energy-conserving control strategies. The hotel com-
fortstat presented in this paper combines setback
capabilities with an occupancy sensor, an environ-
mental sensor, and logic for interactive setpoint
adjustment with rapid response to guests’ thermal
requests.

Field measurements

Our field measurements included physical and
subjective data on the existing thermal environments
in guest rooms in a luxury hotel. The hotel’s heating
and cooling system relied on hot and cold water
delivered to a thermostat-controlled fan-coil unit in
each room. The individual rooms could be shut off
remotely during unregistered periods by the clerk
at the front desk. We measured room air temper-
atures, wall temperatures, air velocities, humidity,
supply and return air temperatures, and heating and
cooling water temperatures in two guest rooms. The
measurement period of one week per room in both
summer and winter seasons incorporated tests of
the heating and cooling system capacity and tests
under occupied and unoccupied conditions. Our
subjective data included the thermal comfort of the
guests charged with operating the equipment during
the occupied tests and also a survey of 315 guests’
thermal expectations and preferences during their
stay.

Summary of results

We found that the centralized HVAC system op-
erating practices for energy conservation had ad-
verse effects on thermal comfort in the guest rooms.
This was due primarily to the failure of the room
thermostat to be activated upon guest check-in, the
regular night-time chiller shutdown that caused tem-
peratures to climb in the early morning hours, and
the slow response of the system to thermostat
setpoint changes. The energy-conserving night-time
chiller shutdown had a detrimental effect on guest
thermal comfort. Surveyed guests’ HVAC complaints
focused on several additional problems. The system
controls were difficult to use, and there was an
insufficient system response to specific commands.
In addition, guests complained of poor air quality,



uncomfortable thermal conditions upon entering the
room, and the inability of the system to meet their
thermal needs. Inasmuch as the system and its
thermostatic controls are somewhat generic, we
assume that these problems are not unique to this
hotel.

Hotel comfortstat design

To avoid the comfort or energy consumption
shortcomings observed in the hotel study, a hotel
thermostat should have the following characteristics:

(1) It must be easily and intuitively operated by
the guest, and not require a manual or other detailed
instructions.

(2) It must provide rapid response to all guest
requests.

(3) It must incorporate, in measuring the room
thermal environment, the effects of thermal radiation
in addition to air temperature.

(4) It should create a ‘personal temperature
range’ by automatically adjusting its internal set-
points for temperature control based on both the
frequency and time of requests made by the guest
for changes in environmental conditions.

(5) During unoccupied and unregistered periods,
it must automatically control the room temperature
in the most energy-efficient manner, while still sat-
isfying minimum comfort conditions for guest ar-
rival.

(6) After guest check-out, it must automatically
reset itself to prevent the imposition of one guest’s
preference on the next guest.

A full-scale mock-up of the hotel comfortstat is
shown in Fig. 1. The sensor incorporates a curved
strip of thin copper with a gray paint finish. A
thermocouple is mounted behind the copper strip,
in the center, providing an approximation of the
‘operative temperature’. The operative temperature
is the arithmetic average of the air temperature and
the mean radiant temperature and is a good predictor
of thermal comfort [8]. Curving the sensor allows
the sensing of obliquely positioned radiation sources.
Copper was chosen for its excellent heat conduction
properties, ensuring rapid response (aluminum
would also provide good performance), and flat gray
paint has appropriate absorptivity and emissivity
for measuring the mean radiant temperature. This
sensor does not measure the operative temperature
exactly, but provides a better approximation than
either a shielded air-temperature sensor or a flat
plate. An exact operative temperature measurement
would be provided by an air-temperature sensor in
the center of a gray sphere freely suspended in the
occupants position in the room at chest height (not

Fig. 1. Hotel comfortstat (mock-up).

feasible in a hotel room, for self-evident reasons).
One parameter of the physical environment that is
not measured or accounted for in the comfortstat
design is the relative humidity (RH). Accounting
for the effects of RH on thermal comfort would
require a considerably more complicated design.
Further refinements of the comfortstat should in-
corporate not only RH but a user-defined metabolic
rate and clothing level as well.

Hotel comfortstat control principles
The main problems that the hotel comfortstat
design addresses are the following: (1) providing
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a guest with rapid response to requests; (2) ‘learning’
a guest’s personal thermal preferences in a short
time; (3) making energy-saving decisions based on
the guest’s thermal preferences and the occupancy
status. A key element in maintaining guest comfort
is the designation of a ‘personal comfort zone'. The
‘personal comfort zone’ is defined as the room
temperature range within which a guest experiences
acceptable thermal comfort. It is bounded on the
low side by Th..:, the room setpoint temperature at
which heating becomes desirable, and on the high
side by T..o, the room setpoint temperature under
cooling conditions. Preset values in the comfortstat
for Tye, and T, determine the initial room tem-
perature control action when the guest first arrives
in the room. These defaunlt temperature setpoints
are based on thermal comfort research results from
the literature [8, 9].

The comfortstat incorporates an occupancy sensor
in its control operation. The primary purpose of
the occupancy sensor is to reduce the HVAC op-
eration when the room is vacant. An added benefit
for this application is the ability to turn on the
HVAC systems and maintain comfort conditions
without requiring action on the part of the guest.

It should be noted here that a thermostat incor-
porating some of these concepts exists for residential
use (called ‘Touchstat’ [10]), but it requires training
and practice to use effectively. The hotel comfortstat
utilizes algorithms for decision-making that render
the learning process unnecessary. Important features
that differentiate the hotel comfortstat from any
currently available commercial building thermostats
are its ability to sense occupancy, estimate the
operative temperature, automatically adjust ‘set-
points’ (temperatures that the HVAC unit attempts
to produce) and incorporate energy-saving tem-
perature drifts. The control algorithms for the hotel
comfortstat are presented in Figs. 2—-5. The resi-
dential ‘Touchstat’ (mentioned above) incorporates
all of the content of Fig. 2 but few of the features
presented in Fig. 3 that specifically allow the hotel
comfortstat to perform optimally in a short-term-
occupancy situation. The notation used in these
Figures for defining the system control parameters
is given in Table 1.

Hotel comfortstat algorithms

A simplified flow diagram describing the operation
of the hotel comfortstat is presented in Fig. 2. For
certain system inputs, shown on the left, a series
of basic control actions proceeds, as diagrammed
on the right. System input consists of

(1) a request from the guest (‘want warmer’,
‘want cooler’, ‘want fan’, or ‘system off’;

(2) action from the guest — enter, exit, or check-
out — as measured by the occupancy sensor or
input by the hotel management.

Figure 3 presents an expanded comfortstat flow
chart that explains in greater detail the various
decision-making processes, including:

(1) how the system responds to occupancy sensor
status;

(2) how the system responds to specific guest
requests, and

(3) how the personal comfort zone is adjusted
in response to guest input.

With the exception of the immediate response of
the system to a guest request, all control actions
are directly dependent on the current room tem-
perature, and how it compares with the temperature
control setpoints and setbacks.

Figure 4 presents a diagram of system control
actions as a function of room temperature. Figure
5 illustrates how the comfort zone setpoints (T} .,
Teoor) Would be adjusted when the personal comfort
zone is raised or lowered.

‘When a request is made for the room to be either
warmer or cooler (Fig. 3), the immediate response
is to heat or cool the room for a specific length
of time (QUICKHEAT or QUICKCOOL). A typical
default value for QUICKHEAT and QUICKCOOL
would be five minutes, depending on the ability of
the room HVAC equipment to satisfy the guest’s
short-term comfort demands during this period.
‘When the guest pushes the fan button, the fan will
toggle on or off, depending on its previous operating
condition. If the fan is turned on, it will continue
to run independently of other system conditions
until another request (or the occupancy sensor)
overrides its operation. If the guest requests system
off, all HVAC equipment is immediately turned off,
and the comfortstat enters a mode of minimal op-
eration in which no control of the room temperature
is provided, except to maintain it within the energy-
conserving deadband (see Fig. 4; see below for
more discussion).

After providing an immediate response to either
a ‘warmer’ or ‘cooler’ request, the comfortstat must
determine what personal comfort zone is best suited
to the individual preferences of the current hotel
guest. As indicated in Fig. 2, the personal tem-
perature range that controls HVAC system action
consists of either

(1) preset default values for initial check-in, or

(2) adjusted values — when the setpoint tem-
peratures have been modified by a fixed amount
(AT,y) after the guest repeats a request under certain
conditions.



TABLE 1. Definitions of system control parameters for the hotel comfortstat

ADAPT-TIME Required period of time after arrival for guest to acclimate to room thermal conditions; adjustable
seasonally
HOLD-TIME Required period of time for guest in room to reach thermal neutrality with new room conditions;

adjustable seasonally

QUICKCOOL Period of time cooling will be provided as an immediate response to guest request; adjustable based on
the room HVAC capacity

QUICKHEAT Period of time heating will be provided as an immediate response to guest request; adjustable based on
the room HVAC capacity

REPEAT-TIME Period of time after guest request for thermal change (warmer or cooler) during which a repeat of the
same request will cause an adjustment (upward or downward) of the personal comfort zone setpoint
temperatures (Theu, Teoor) DY an amount AT,y

T ool Cooling setpoint temperature, representing the upper limit of the personal comfort zone

Theat Heating setpoint temperature, representing the lower limit of the personal comfort zone

Trax Maximum allowable room temperature, representing the upper limit of the energy-conserving deadband
Toin Minimum allowable room temperature, representing the lower limit of the energy-conserving deadband
Troom Room temperature, as measured by the comfortstat sensor

AT,y Magnitude of temperature adjustment by which the personal comfort zone setpoint temperatures can

be raised or Jowered in response to a guest request

SYSTEM CONTROL INPUT

o c Pefrsor%al
ccupancy omfort Zone
Guest Sensor Setpoints SYSTEM CONTROL ACTION
Request ON -  Existin
S -[ .| .. Immediate Response
i « heat room
> » cool room
Repeat Raise _J « tumn fan on/off
Request  p ON — or
Lower r——— === - —————
N
l Maintain Personal i
Enter Default ! Comfort Zone i
Room - ON b or > hold for fixed duration, !
Existing i (_to allow person to acclimate | |
| l {
| |
| Occupied Energy {
Request | Conserving Response |
Sy(s)tem - ON i Existing | : controlied ramp @ < 1°F/hr |
ff
| ]
! !
Ly Let !
Exit et OFF —— Existing —doH-%| Tem e;tature i
= i !
| |
Reset | A i
Check-out || OFF — to ] Maintain Energy |
Default ! Conserving Deadband |
L.

See Figure 3 and Figure 4
Fig. 2. Hotel comfortstat: system control inputs and actions.
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Fig. 3. Flow diagram for the hotel comfortstat. See Fig. 4.
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Fig. 4. System control actions of the hotel comfortstat as a function of room temperature. Temperature is on the horizontal scale,

and time proceeds downward in stages from the top.

When the room occupancy sensor registers that
a person has entered the room, the HVAC system
will operate to heat or cool the room as required
to maintain the personal temperature range. These
will remain the default values, until the guest in-
dicates that the personal temperature range should
be adjusted to meet his or her preferences.

Figure 3 shows how the decision to adjust the
comfort setpoints is based on the time elapsed since
the guest arrived in the room and the frequency
of repeat requests for thermal change. The param-
eters affecting the control logic are ADAPT-TIME
and REPEAT-TIME, respectively. The parameter
ADAPT-TIME represents the period of time nec-
essary for a guest to acclimate to the room thermal
conditions after arrival. A guest may often experience
thermal discomfort upon first entering the room
owing to factors unrelated to room conditions (e.g.,
the guest has just walked up a flight of stairs and
feels excessively warm, or the guest has just come
inside from a long walk out in the cold and feels
excessively chilled). The value of the parameter
ADAPT-TIME determines the length of time after

arrival during which no long-term changes will be
made to the comfort zone temperatures.

The parameter REPEAT-TIME represents the pe-
riod of time after a request for thermal change
within which a repeat of the same request constitutes
a strong preference on the part of the guest to
adjust the personal comfort zone accordingly. This
parameter anticipates the situation in which an
occupant desiring a large change will press the
button repeatedly (as people do when waiting for
elevators or ‘walk’ signals). Since the HVAC system
operates at its maximum heating or cooling capacity
for the period QUICKHEAT or QUICKCOOL when
a button is pushed, the REPEAT-TIME parameter
acts as a ‘low-pass filter’ and ignores rapidly repeated
button pushes. The only time that Ty, and T,
will be raised or lowered by the amount AT,y is
when the following two conditions are satisfied:

(1) the time since arrival > ADAPT-TIME

(2) the time elapsed between repeated requests
for ‘warmer’ or ‘cooler’ <REPEAT-TIME

Given a set of values for Ty, and T..,, as de-
termined above, the comfortstat must first ensure



Room Temperature (Tyoom) Scale —

Ralse Personal Comfort Zone

Theat Teool
________________ ?
Default Comfort Zone
Theat Teool
D e ?
Adjusted Comfort Zone
Theat Teoo!
é ________________
Adjusted Comfort Zone
&ommy | oo
ATad] ATadj

Fig. 5. Adjusting the personal comfort zone on the hotel com-
fortstat.

that the room temperature is within the personal
comfort zone. As shown in Fig. 4, this is done by
either heating the room (if T, is within the cold
or cool energy-conserving zones) or cooling the
room (if T,oon is within the hot or warm energy-
conserving zones). The comfortstat will then main-
tain the guest's personal temperature range for a
long-enough period of time (HOLDTIME) to allow
the guest to reach thermal equilibrium with the
room conditions. Note in Figs. 2 and 3 that the
control logic activates the ‘maintain personal tem-
perature range’ mode of operation whenever the
guest enters the room but makes no request to the
comfortstat. In this situation, the occupancy sensor
initiates the control action of the comfortstat.
After the period HOLDTIME has elapsed, the
comfortstat proceeds with its occupied energy-con-
serving response, in which the room temperature
is allowed to drift at a rate of not greater than one
degree Fahrenheit per hour (see Fig. 4). This drift
is called a ‘controlled ramp’, and the direction of
the room temperature ramp is determined on the
basis of maximizing energy savings. The ramp rate

is limited to the rate that is thermally indistinguish-
able to the guest [11], in order to maximize energy
savings during the occupied period without loss of
comfort.

The controlled ramp proceeds until the room
temperature reaches the outer limits of the energy-
conserving deadband, or setback temperatures (T,
or Tio) Thin and T, are defined as the minimum
and maximum temperatures the room is allowed to
reach, respectively. Their values are based on ac-
ceptable temperature limits for short-term exposure
(i.e., upon entry), and on maximum heating or
cooling recovery times for the room in question.
The comfortstat will maintain the energy-conserving
deadband indefinitely, until a new system control
input calls for another action. T, is allowed to
drift as long as it remains within the energy-con-
serving deadband. Heating or cooling is provided
only when T, drifts outside the energy-conserving
deadband limits.

During unoccupied periods, signaled by the oc-
cupancy sensor, the comfortstat removes any tight
control of the room temperature and allows it to
drift within the energy-conserving deadband. When
the guest checks out, the room status becomes
‘unregistered’, the allowable temperature drift range
is widened, and the personal temperature range
values are reset to their default values in preparation
for the next guest’s arrival.

Hotel comfortstat examples

Several scenarios are presented (Fig. 6(a)—(d))
that illustrate how the comfortstat operates to con-
trol room temperature in response to various actions
by the guest. For each scenario, a hypothetical plot
of temperature versus time is presented, along with
the comfortstat flow diagram (Fig. 3). The path of
control operation through the flow diagram is shaded
in each example. The scenarios are for the following
conditions: (a) a simple situation; (b) a cold winter
day; (¢) a hot summer day; (d) transient human
response due to a change in activity.

(a) In the simple situation, the guest does not
request a change in the default comfort zone. When
the guest exits the room, the occupancy sensor
signal tells the system to turn off and the room
temperature slowly drifts downward.

(b) Inthe cold winter day situation, the occupancy
sensor’s input turns on the system and calls for
heating. When the bottom of the personal temper-
ature range is reached, heating is maintained for
HOLDTIME and then the room temperature is al-
lowed to drift downward again. Since subsequent
requests for heating are sufficiently far apart, i.e.,
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greater than REPEAT-TIME, the personal temper-
ature range is not adjusted.

(¢) The hot summer day situation is the reverse
of the cold winter day example, with the exception
that the guest’s request for cooling is repeated
within REPEAT-TIME and the personal temperature
range is lowered.

(d) The fourth situation illustrates a transient
response to increased metabolic activity. The guest
makes two requests for cooling in a period less
than the adaptation period, ADAPT-TIME. The re-
quests are granted, but the personal temperature
range is not altered.

Conclusions

In this paper, we have presented the logic for a
microprocessor-based environmental controller ap-
plicable to short-term occupancy. The algorithms
were developed for a hotel environment but are
applicable to other short-term occupancy situations
where energy conservation must be balanced with
the need for occupant satisfaction and comfort. The
key features are the immediate response to guest
requests while incorporating controlled ramps within
continuously adjustable ‘personal temperature
ranges’. A prototype ‘comfortstat’ was developed
integrating an occupancy sensor, setback capabil-
ities, an environmental sensor, and logic for inter-
active setpoint adjustment with immediate response
to thermal requests.
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