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Abstract: Lifts are essential for the operation of a buitdiand contribute to its energy burden.
They use energy in one of three main modes: sta(bgn the lift is dormant), running (when the
lift is moving) and idle (when the lift is betwestandby and running modes). The proportion of
time taken in each mode, and hence the energy swdwepends on many factors including: type
of building, traffic patterns and technology use€bthis paper gives data for these time proportions
for a specific installation by means of simulatimols, based on a set of buildings. In addition,
other important parameters are presented to eradderate estimations of energy usage to be
determined.
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1 INTRODUCTION

The demand for energy-efficient lifts has increasedecent years fostered, for example, by the
European Directive on the Energy Performance ofddwgs. There are also several international
initiatives for buildings classification, such alRBEAM, LEED, CASBEE, etc. as well as an
international standard 1ISO 25745-1: 2012 [1] andesmational guidelines such as VDI 4707 [2]

Any method of assessment/classification requirkahie methods for calculating the total energy
consumption of a lift during a given period, acéogdto which the overall energy efficiency can be
assessed. Some of these methods incorporate farrfariaestimation, whereas others leave the
choice to the manufacturer. Different methods hasen proposed and most calculate the energy
consumption of the lift in two main operating camehs: running (when the lift is moving) and
standing (when the lift is stationary). The secomode can be further split into: standby mode
(when the lift is dormant) and idle mode (when lifias between standby and running modes). The
energy efficiency of a lift is intimately associdteith the building in which it is installed andwo

the building population uses it. This usage caruded to develop a classification labels for lift
installations.

Whilst the energy consumed in each operating cmmddan be easily measured, for example, using
the methodology described in the ISO 25745-1: 2@#2estimated from the mechanical and
electrical components of the lift, there are noacleules on how to estimate the other relevant
parameters. This paper shows how to obtain thanpeters by means of simulation tools and
provides data for general usage.

In the following sections, the chronological oradrthis research work is described. In Section 2
the objectives of the work are laid out, Secticte3cribes the simulation protocol design, Section 4
deals with the simulation execution, data treatmeerd definition of templates for collecting the
data and the final sections (5 to 9) with the fasd the advanced analysis of results, summary
tables, further work proposed and conclusions.
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2 DEFINITION OF THE OBJECTIVES

The ISO/TC178/WG10 (working group) committee waskéal to provide a means to classify the
energy efficiency of lifts in use. To achieve thigs necessary to carry out an accurate calanati
of the estimated energy usage. The research deddnere supported the work of WG10.

For a certain installation, where the charactesstif the building (number of floors, total heigfft
the building, interfloor height, population and ééwf demand, etc.) and of the lift/s installedtin
are known, the daily operation of the lift can Ineudated using simulation software.

One of the results that can be obtained from a lsitiom is the spatial plots of each car’s
movement. Using this spatial plot it is possilbecalculate the occurrences in each possible trip,
characterized by distance travelled, direction @ivement and load carried in a specified period.
Then knowing the number of trips it is possible&sily estimate the energy consumption. To assist
WG10 it was necessary to obtain values for theWalhg parameters:

average distance travelled,;
average load carried,;
average time spent in running and standing condit{alle and standby).

These parameters ideally should be obtained foryntanding types: residential, office, hotel,
hospital, airport, transport stations, schoolsyersities, etc.) and for different intensities &feu
(low, medium, high, etc.) represented by the nunolbstarts per day.

The objectives of this work are therefore to amalyee factors that influence the usage of a bugldin
and to issue application tables that can allowetstenation the energy consumption of lifts. A set
of standard benchmark buildings has been selecgdh® main parameters: type of building, level
of demand, traffic patterns, lifts mechanical pagtars, etc. has been defined.

A publicly available traffic simulation softwar&levate has been used (with some customisation
for this research) to simulate different scenaciossidering the population movement from floor to
floor. The results, obtained in the form of spagpiats or list of trips, have been processed, thed
values of average distance travelled, average éaaded, the proportion of time spent in each
energy mode: running and standing (standby, idd&erbeen calculated. This information allows
the calculation of the total energy consumed ineaod, depending on different building or lift
configurations.

3 SIMULATION PROTOCOL DESIGN
3.1 Analysis type

Elevate performs simulations using statistical procedures digitally model specified lift
installations. A large quantity of data is collet@nd presented in different ways.

3.2 Traffic control algorithm

The traffic control system (dispatcher algorithrejetmines how the lifts will serve the calls placed
on the system by the passengers. The ISO 257#5s sdistandards does not consider the effects of
the traffic control system and only considers glgifift. To obtain plausible results, the reséarc
reported here considers two car (duplex) instaltetioperating under two simple traffic control
algorithms: the basic group collective (COL) an@ thstimated time of arrival (ETA) control
algorithms only. The modern hall call allocaticak&: destination control, see CIBSE Guide D:
2010 -Ch 9 [3]) is not considered.

! Viisit http://peters-research.com/index.php?optimm_content&view=article&id=96&Itemid=91
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3.3 Building data

Initially it was decided to consider office builgis with 5, 10 and 16 floors above the main
terminal. Later some simulations were carriedwaitit 2, 3 and 4 floors above the main terminal to
accommodate residential buildings at the requestv&10. Buildings with express zones or
parking zones were not considered as they are atgb the ISO 25745 standards. Two rated
speeds have been selected to meet the criteridBBECGuide D: 20148.5.7 [3]. All interfloor
distances were assumed equal and 3.75 m high.

The other important variable is the population atle floor. For the purpose of this research, the
maximum handling capacity of the building was sel25% of the total populatidn From the
value of population that can be served by a spetilift installation a population per floor was
obtained. All floor populations were assumed eqtibk formula for the calculation is shown in
equation 4.9 of the Elevator Traffic Handbook [4]

3.4 Lift data

As already stated, the simulations considered €indpblex installations. Initially rated loads of
630 kg, 1000 kg, 1600 kg and 2500 kg were seletctexppan the common range of lifts installed in
offices. Later lifts with rated loads of 450 kg neeadded to accommodate residential buildings.
Other typical lift data such as door operating smetart delays, single floor flight times,
acceleration values, jerk values, etc. were salécte

3.5 Passenger data

The passenger parameters that influence the behaefothe installation are passenger transfer
times, passenger mass and car capacity factor (%)

3.6 Traffic patterns/templates

Traffic patterns are defined by passenger arriggds at specific floors and passenger destinations.
This activity is set to occur in five minute persocElevatecancustomize the passenger traffic flow
by defining a number of periods, each with its csem of arrival rates (in persons per 5 min.) and
destination probabilities for passengers travelfiogn each floor to create benchmarking templates.
Many of these are described in CIBSE Guide D: 2@i94 [3].

For this research, three different templates haenlused. The latter two were at the request of
WG10.

Siikonen full day template [5]

This is based on a sample multi-tenant office bhogdn Paris.

Strakosch residential all day traffic template [6]

The profile is based on the requirements of a esgidl building,

CIBSE Guide D: 2010,

A third traffic profile based on CIBSE Guide D: ZDWas provided by Dr. Richard Peters.

The resulting Total Passenger Activity graphs canfdund in theElevatemanuals and CIBSE
Guide respectively.

216 floors is considered the maximum practical nermdf floors in a building zone.
% This is considered by CIBSE GUIDE D and BCO atagisg point for most traffic designs for offices.
* Data available on request.
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4 SIMULATION EXECUTION, DATATREATMENT AND DEFINITI  ON OF TEMPLATES
FOR COLLECTING THE RESULTS.

Initially, the simulations were performed on 24tsyss, that had three different number of floors (5,
10 and 16), each with four rated loads (630, 10@00 and 2500) and two rated speeds (0.63, 1.0,
1.6 and 2.5m/s combined in pairs) and a colledt@@L) traffic control system.

The simulations used the Siikonen all day (12 hhpete, which was considered the most
representative one, as it has up/down/inter-floafit and includes a lunch break (CIBSE Guide D:
2010-4.6 [3]). Although it corresponds to an ddfiouilding, it can emulate other building types.

In order to consider the four different levels ofensity of use, four runs are carried out in the 2
different buildings with floor populations at 100%nd reduced by 1/2, 1/4, 1/8 representing
intense, heavy, medium and low use respectivelghithnway, there were 96 sample systems.

The simulation is run only once, but as there e ltfts in each installation, the results obtained
for each simulation corresponded to two casess gave 96 x 2 = 192 cases.

From the reports automatically provided Bjevate it was necessary to obtain the following
information: average travel distance, average ecad,l idle/standby time in different time slots (1
min, 2 min, 5 min, 15 min and 30 min.) and the nemtf starts.

The standard version of tHelevatesoftware provides spatial plots and a correspandable of
data.

The processing of the full table provided:

Total running time

Total standing time

Times the lift is stationary by time bands (<1 ¥, min, <5 min, <15 min, <30 min, >30 min)
Total number of starts per day

Average distance travelled

The details of the car load transported can beaetdd from the graph named “Car loading on
arrival at home floor” provided bilevate which shows the average and maximum values (of %
rated load) in 5 minute time slots.

Depending on the purpose of a study, this averafggmation can be sufficient, as it allows the
calculation of the average load transported bytania certain period. However, it is not precise
enough for an accurate calculation, where it ieegary to know the number of occurrences of each
possible trip (defined by direction of movemenstdnce travelled and load carried), which are the
parameters necessary to calculate the actual energumption.

For this reason, aikxcel macro was created to analyse the detailed infoomatlated to the
passenger trips. A later processing of this da@mbanade it possible to create the matrix of
occurrences, from which the average distance feyahd average mass transported in loaded trips
can be easily calculated. The number of empty tgdd be calculated as the difference between
the total number of starts provided Blevateautomatically in thé&xcelsheet and the final number
of standard trips. In this way, they could be acted for with view to the calculation of the
average load, but not for the calculation of therage distance travelled, as the origin and
destination of these empty trips was unknown. Tdaiobthis information, the software was
customized.

The 96 sample buildings (192 cases) where simulag@ih at the end of these improvements and
the deviation in the average travel distance shoawveeérror of approximately 5% compared with

the first estimation, which had supported the fasifts of the work for the ISO standard. Later

improvements to the analysis software further immptbthe results.
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5 FIRST ANALYSIS OF RESULTS.

From the first set of simulations carried out, &saconcluded that, as expected, the number o$ start
increases with intensity of use. This caused tlediptable effect of extending the running time at
the expense of the standing time and modifies tistriltltion of the trips in the different
idle/standby time slots depending on the numbestarts. The trends also showed that lower traffic
levels would produce even lower average car loaddanger travel distances.

The presentation of the results to the WG10 grdulfteexperts developing the draft of ISO/DIS
25745-2 [7] raised questions.

1 For example, how good is the traffic template@siBes the very good office template used
(Siikonen),Elevatealso provided a reasonably representative resadgrattern (Strakosch) and the
new one based on the CIBSE Guide D: 2€Higure 4.1 [3]. The simulations were repeated with
additional traffic patterns to assess their infleeen

2 The need to add systems with lower capacity &6 kg) and lower rise 3/4 storeys, Iin
order to accommodate residential buildings. Altjitothe addition of such low rise buildings would
lead to significant errors in the simulation mof®king to the poor statistics) these were simulated
for completeness.

3 The desire to have higher usages above 2008 girtday. It has often been stated that the
number of starts in Asian countries is considerdbgher than those in Europe, so higher usage
categories with the number of starts above 20Qtsgp@r day were requested. Although this might
indicate an incorrect traffic system design, it wasuded.

4 A wider range of traffic intensities to six.

5 More statistical data were needed to produceessgyn graphs.

In order to give response to all these questidresrange of simulations was increased.
6 ANALYSIS OF RESULTS.

In this section, the final plots obtained after Huftware and templates were updated are presented
and the results and tendencies observed are egglalimey contain the results of the final set of
sample installations, which were increased to aghike six usage categories requested by WG10.

6.1 Effect of the traffic pattern on number of stats
The number of starts in the simulated period ireesavith the population served per lift, Figure 1.

The results are almost identical for the collec(€@®L) and estimated time of arrival (ETA) traffic

control algorithms. The values obtained for residémuildings using the Residential (Strakosch)
template are higher, followed by the Office (Siikah template and the Modern Office (CIBSE)
template. However, it has to be noted that the ksited period differs (slightly), but should have a
minor effect, depending on the traffic templatedise

(RS) Strakosch Residential 14 00 h
(0S) Siikonen Office 12.25h
(OC) CIBSE Office 1200 h
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Figure 1: Average number of starts -v- number of personseskfall patterns)

If a plot of average number of starts per houraadtof the absolute value was presented (Figure 2),
then the different lines would become closer togethith the Modern Office template producing
the highest number of starts per hour and the Besal one the lowest.

CIBSE: 1.04 starts per hour/person
Siikonen: 0.96 starts per hour/person
Strakosch: 0.88 starts per hour/person

The first part of the graph shows a linear depeogewhich becomes a nonlinear (polynomial of
degree 3) at the maximum values with around thé@g2arts. After reaching this maximum value,
note the curve begins to fall, which indicateslifienstallation has reached saturation.

Although logically it might be thought that an irasing population demand (persons served)
would result in the number of stops limiting to aximum, the real effect is that they fall. The
reason seems to be that at higher demand levelittimstallation has reached the limit of itsffra
handling capabilities. The result is a trafficlduip in the lobbies, passenger boarding/exit times
increase and the transportation becomes ineffici€hese inefficiencies can be also observed in the
plots showing the distribution of the time spenttle different operating conditions. However,
further research might be carried out with add#iosamples to confirm the validity of this
reasoning.
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Figure 2: Average number of starts per hour -v- number oéqes served (all patterns)

The graphs confirm that the traffic template (iaffattern) does not make a large difference and
show that the values are similar for Residential @ffice buildings.

A further important conclusion is that the highember of starts reported from Asian countries can
only be achieved if the operational time is incegaBom 12-14 hours to include night time activity
at high levels.

6.2 Average distance travelled -v- average numbef starts

The average distance travelled decreases with uhgber of starts, Figure 3. It ranges from a
maximum average of around 50%, except for very lie& buildings (see rectangle in the figure),
and a minimum of 20% for very intense use. Ifrbsults were represented as average distance vs.
number of starts per hour, the difference betwesadfid templates would be small.
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Figure 3: Average distance travelled (all patterns)

Lift professionals frequently state that intuitiy€from their own experience) the average distance
travelled should be larger. A further analysis wagied out to check this impression. Could it be
caused by the fact that the observers only seectfést when they are travelling in loaded cars?
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The graph obtained (Figure 4) confirms that theraye of distance is heavily influenced by the
intensity of use, which drastically reduces thisrage.
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6.3 Average load transported -v- average number aftarts

A plot of average load transported vs average numbstarts shows an intense “swarm” of points,
which strongly indicates that the average loadspanted depends on another factor and not only
on the intensity of use. Looking at the results lfmwer intensities, where the points are more
concentrated, five groups of points can be seeighamoincide with the different rated capacities
analyzed. Another finding is that, as expected,dle increases with the population handled. The
range of variation is large (from 5% to 25%). Heee by taking the median values, the results do
not change very much with the traffic template u¢adnaximum of 3% for high numbers of
persons served) or the traffic control algorithniisTcan be more clearly observed in Figure 6
where the results for 1000 kg capacity cars orgysiown

30%

10% f--

5%

+ OS-ETA
+ 05-COoL
5 oC - coL
8 25% 0504 RS- COL :
- +s §3 T e X ——Poly. (0S - ETA)
2 x X3 £ e ——Poly. (OS - COL)
5 % 3 Poly. (OC - COL
e 20% 3 st o % Polz gRS-COL))'
= . . % # 2 - :
o
£
s 15%
Q.
[7]
f= X
© X
s
o)
©
[e]
.|
Q
(=]
o
S
<t

0%

0 500 1.000 1.500 2.000 2.500 3.000

Average N° of Starts

Figure 5: Average load transported (% rated load) (all pater
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Figure 6: Average load transported (% rated load) for 1000ekegd load lifts

If the data is plotted for one single template #ra&results grouped by car capacity, a much clearer
tendency can be seen of the load increasing welusie with delimited range bands, according to
the car capacity Figure 7.
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Figure 7: Average load transported -v- number of starts (gedlby car capacity)
6.4 Distribution of running, idle and standby times-v- average number of starts

The average time between trips shows a very chegaoreential tendency, with its maximum at a
very low building occupancy. It can be observéd} bnly for a very low number of starts, does the
lift spend more than five minutes stationary betweensecutive trips This is a result of great
importance, as currently most lifts switch intocsvér energy consumption mode after this fime
This leads to the supposition that the standbystatay not be reached during the daily operation
time and just during the non-operating hours.

If for any specific number of starts the runnirgjeiand standby times are summed, the results will
always be 100%, see Figure 8.

® S025745-1 defines standby as commencing afterrfiinutes of inactivity.
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Figure 8: Distribution of time in different operational modes number of starts

In the following graphs, it can be observed tha time spent by the lift in running conditions
increases with usage, reaching a maximum of 50%afbtigh activity (2000 starts). When the
number of starts increases above this quantityliftieses efficiency as already stated before.
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Figure 9: Distribution of running time during normal operatio
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The time in non-running conditions is split intdddFigure 10) and Standby (Figure 11).
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Figure 10: Distribution of idle time during normal operation

The plot of the idle time (Figure 10) also shows thefficiency of the passengers handling when
increasing the number of starts above 2000, asrtteethat it is stationary increases again.
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Figure 11: Distribution of standby time during normal operatio
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Distribution of the time spent by the lift runnirgy in stationary conditions, during the daily

operation time is shown in Figure 12. The gragbarty show (in accordance with the tendency of
the average time between consecutive trips) thatigh traffic demands, the lift does not have time
to switch into standby very often, the time beipgr#t in this low energy state is less than 10% for
more than 500 starts.

7 SUMMARY
Table 1: Summary of results

Usage category 1 2 3 4 5 6
Usage \|/ery low mediu high very intensi
ow m high ve
Trips per day 50 125 300 750 1500 2500
Average 2 storeys 100%
travel 3 storeys 67%
>3 storeys 44% 33% 18%
Average car < 800 kg 7.5% 9.0% | 16.0%| 23.0%
load 801 —-<1275 kg 4.5% 6.0% | 11.0%| 18.5%
V- 1276 —< 2000 kg 3.0% 3.5% 7.0% 13.0%
Rated load
>2000 kg 2.0% 2.2% 4.5% 9.0%
Time ratios | Idle 13 23 36 45 42
(%) Standby 87 | 77 | 64 55 48

Table 1 summarises the results of the researchh miuehich have been adopted by WG10. Note
there are six usage levels. Surprising the rulthefb assumed in ISO 45745-1 of an empty car
that travels about half the distance between tahfiioors is close to reality in many circumstances
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8 FURTHER WORK

The 1SO 25745 series of standards only considsimsgle unit. From the results obtained, the two
simple traffic control algorithm do not seem to @anfluenced the results for the type of buildings
analysed However to be more scientifically rigarowork on other traffic control systems will be
undertaken, in particular, the hall call allocatioraffic algorithm. This algorithm differs
significantly to with other dispatchers. The slations should also be run for groups of at least
four lifts rather than two lifts. The effect of egual distribution of floor population/demand stbul
also be researched.

The effect of an express zone should be analyzedbmre detail to allow the method to be used for
zones located high in the building.

It is hoped to validate these results by collaboratvith industry as most real life measurements
are carried out by lift companies.

9 CONCLUSIONS

The research study detailed in this paper is basdthe results of thousands of simulations, which
are considered as if they were experimental data.

However, simulation is notorious for delivering aess, which do not occur in real systems, but
these answers will be as good as the traffic patised in their production. The use of simulation
tools for predicting the value of parameters witkmwto the calculation of the energy consumption
of lifts seems to be the most accurate method wtiyravailable.

Although average tables (calculated for standaddiaaildings to cover the scope defined in 1ISO
25745) are precise enough for standardization pagdor a better prediction in any commercial
offers, it is recommended that every specific casealculated taking into account the real
characteristics of a building and the lift and thest suitable traffic pattern.
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