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undergo substantial revisions prior to being released as a final report of this 
preparatory study. 
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form available in the download section of the project website at www.eco-
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Please note that:  
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• a full set of contact information of the submitting stakeholder is 

required.  
 
Further instructions on how, to whom and until when to submit the feedback 
form are given in the form itself. 
 
Please note that in this draft document several questions in red have been 
added to ask stakeholders for additional information or to verify statements 
given in this report. Feedback on these questions should also be submitted 
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4. Task 4- Technologies 149 

 150 
This task, which is structured in accordance with the MEErP Task4, presents the pro-151 
cesses involved in the functional performance of lifts via a brief and simple technological 152 
description and analysis. This is conducted for technologies that are already on the mar-153 
ket and that will become the basis for the base cases, but also for Best Available Tech-154 
nologies (BAT) and state-of-the-art Best Not-yet Available Technologies (BNAT). The 155 
analysis addresses both the product level and the component level as well as assessing 156 
improvement potentials. 157 

The aim of this task is also to collect a comprehensive dataset across the whole product 158 
life cycle on which to undertake the analysis of the life cycle environmental impact and 159 
economics in the subsequent tasks of this preparatory study.  160 

4.1. Subtask 4.1- Technical product description 161 
In this task a comprehensive technical analysis of the products present in the market is 162 
carried out. Besides the base case technologies, which are intended to represent the 163 
average product entering the market today, BAT and BNAT (in terms of environmental 164 
improvement potential) are also assessed. The assessment of the BAT and BNAT pro-165 
vides the input for the identification of the improvement potentials reported in Task 6. 166 

4.1.1. Existing products (working towards definition of BaseCases) 167 
In this preparatory study, the definition of "lifts" used in the recent Directive 2014/33/EU 168 
is used (see Task 1 Scope). 169 

Lifts can be divided into two main technology categories: hydraulic and traction. In 170 
hydraulic lifts an electric motor drives a pump that forces a fluid into a cylinder. A piston 171 
travelling inside the cylinder pushes the lift car upwards. In traction lifts, the car is 172 
suspended from above by ropes wrapped around a sheave that is driven by an electric 173 
motor. Traction lifts can be further subdivided into two categories: geared and gearless. 174 
Geared lifts use a reduction gear to reduce the speed of the car while in gearless lifts 175 
the sheave is directly coupled to the motor. 176 

All lifts have common elements, independently of their working principle, including: mo-177 
tor and controls, cars (also called a "cage" or "cab”), lights, ventilation, doors, guide 178 
rails, buffers, ropes, and fixtures (e.g. buttons, indicators and switches), see Figure 4-1. 179 
The car travels within an enclosed space called the shaft or hoist-way [1] [2]. The next 180 
sections describe the lift components commonly used in lifts today from a technical 181 
perspective. 182 
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 183 

Figure 4-1:  Lift main components 184 

4.1.2. Traction lifts 185 

4.1.2.1. Hoisting machine 186 
The hoisting machine in traction lifts consists of a motor, a gearbox (when present), a 187 
traction sheave and a brake, which are now described in turn. 188 

Motor 189 

Several motor technologies have been used up to now and the choice of the drive has 190 
historically been motivated by factors such as travel speed, levelling accuracy and com-191 
fort. Options include: 192 

• DC motor  193 

• AC induction motor (single- or two-speed) 194 

• AC Permanent Magnet Synchronous Motor. 195 



 

Draft document for 2nd stakeholder meeting on 17th September 2018 

9 
 

Electric motors have a fixed part, or stator, and a rotor that spins with a carefully engi-196 
neered air gap between the two. 197 

In AC induction motors a rotating magnetic field is formed in the stator when a three-198 
phase AC supply is connected to the stator windings. The rotating magnetic field induces 199 
currents in the rotor, generating the motor torque; hence the name – induction motor. 200 

In Permanent Magnet Motors the stator is a classic three-phase stator like that of an 201 
induction motor and the rotor has permanent magnets which create the rotor’s magnetic 202 
field without incurring excitation losses. Motors using permanent magnets are signifi-203 
cantly more efficient than induction motors because they do not have the secondary 204 
windings in their rotors and thus, almost completely eliminate electric and magnetic 205 
losses in the rotor. 206 

Lift motors have special operating characteristics and are designed to provide the high 207 
starting torque necessary as well as to withstand the high number of start-stops re-208 
quired in a given period (via, for example, lower rotor inertia, higher insulation class) 209 
e.g. sometimes over 100 are needed per hour. Since they are not rated for continuous 210 
duty, these motors are out of the scope of Ecodesign regulation EC 640/2009 [3] that 211 
sets energy/ecodesign performance requirements for many types of electric motor. 212 

 213 
Question 4-1: What is the typical efficiency class (according to IEC60034-30-2) of the 214 
motors used in lifts today? 215 
 216 
 217 

Reduction Gear 218 

The use of a reduction gear allows the use of smaller, less expensive motors that can 219 
thus work at higher speeds and thereby produce the desired torque. 220 

 221 

 222 

Figure 4-2:  Worm gear 223 

Typically, worm gears (see Table 4-2) have been the prevalent choice for the reduction 224 
of speed since they provide good shock absorption, quiet operation, and high resistance 225 
to reversed shaft rotation. However, their efficiency is relatively low (typically 226 
60% - 70%) and the efficiency in reverse rotation is significantly lower than in the for-227 
ward direction. The efficiency of the gear train depends on the lead angle of the gears 228 
and the coefficient of friction of the gear materials. The efficiency also depends on the 229 
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operating parameters of the gear train. Usually, smaller reduction ratios, higher input 230 
speeds to the worm, and larger sizes result in higher efficiency. 231 

Traction Sheave 232 

A sheave is essentially a pulley with grooves around the circumference. Its role is to 233 
ensure sufficient traction to hoist the car, by moving the ropes as the sheave rotates, 234 
while maintaining a long rope operating life span. The rope speed is equal to the cir-235 
cumference of the drive sheave multiplied by the rotational speed (rpm) of the motor. 236 

Brake 237 

For emergency stopping and to hold the lift car stationary during loading a brake is 238 
needed. It is mounted between the motor and gearbox (when present) or between the 239 
motor and drive sheave. They are usually of a drum type, actuated by spring force and 240 
held open electrically. The force generated by an electromagnetic field is used to neu-241 
tralise the braking action caused by the spring force. A power failure will cause the brake 242 
to engage and prevent the lift from falling. In higher rise, higher speed lifts they can 243 
also be of a disc and calliper type.  244 

4.1.2.2. Overspeed governor and safety gear 245 
An overspeed governor (see Figure 4-3) is a device which acts as a stop device in case 246 
the lift runs beyond a specified speed. This device must be installed in roped lifts. 247 

The overspeed governor consists of a centrifugal switch. When the car gains speed, the 248 
governor does too and centrifugal forces push the fly-wheel weights outward. However, 249 
if the speed becomes too great the weight hits a safety switch activating a rope clamping 250 
device that grips the governor rope while simultaneously activating the safety gear. 251 

The safety gear will grip the guide rails and bring the lift car to a stop even if the sus-252 
pension ropes break. Additionally, power is removed from the machine motor and brake. 253 

 254 

Figure 4-3:  Overspeed governor 255 

4.1.2.3. Counterweight 256 
In traction lifts the weight of the car is typically balanced by a counterweight (see Figure 257 
4-4) that equals the mass of the car plus 40 to 50% of the rated load. The purpose of 258 
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the counterweight is to make sure a sufficient tension is maintained in the suspension 259 
system so as to ensure adequate traction is developed between ropes/belts and drive 260 
sheave. In addition, it maintains a near constant potential energy level in the system as 261 
a whole, heavily reducing energy consumption. 262 

The counterweight is composed of a steel frame that can be filled with small weights, 263 
known as filler weights, made from steel, cast iron or concrete.  264 

Sliding or roller guide shoes at the top and bottom of the counterweight frame, guide it 265 
smoothly along the rails. 266 

 267 

Figure 4-4:  Lift counterweight 268 

4.1.3. Hydraulic lifts 269 

4.1.3.1. Hydraulic lift power unit 270 
An hydraulic lift power unit (see Figure 4-5) consists of an/a: 271 

• electric motor  272 

• pump  273 

• flow control valve. 274 

It may be installed in a location remote from the lift or beneath the lowest stop, inside 275 
or outside of the hoist-way. 276 



 

Draft document for 2nd stakeholder meeting on 17th September 2018 

12 
 

 277 

Figure 4-5:  Hydraulic Power unit 278 

Electric motor 279 

An electric motor is needed to provide mechanical power to the pump which moves the 280 
hydraulic fluid. The most commonly used motor in hydraulic lifts is the single speed 281 
induction motor, flange mounted to the pump. Nowadays, most hydraulic lift pump mo-282 
tors are equipped with either a star-delta starter or a soft-starter to reduce the starting 283 
current demand. These motors have special operating characteristics and are designed 284 
to provide the high starting torque necessary as well as to withstand the high number 285 
of start-stops required in a given period (via, for example, lower rotor inertia, higher 286 
insulation class) e.g. sometimes over 100 are needed per hour. Since they are not rated 287 
for continuous duty, these motors are out of the scope of Ecodesign regulation EC 288 
640/2009. 289 

Pump 290 

A submersible screw pump is the most widely used type of pump in hydraulic lifts power 291 
unit. A screw pump is a positive-displacement pump that uses one or several screws to 292 
move fluids or solids along the screw axis. The screws take in fluid then push it out from 293 
the other side while increasing its pressure. They are used mainly because of their ability 294 
to provide high flow rates in high viscosity fluids. 295 

Flow control valve 296 

The flow control valve in a hydraulic lift power unit plays an important role in regulating 297 
the flow of oil to and from the cylinder moving the cabin up and down. As hydraulic lift 298 
power units typically use fixed speed pumps that deliver the oil at constant flow, a 299 
control valve to control the flow of oil is necessary. The valve block will allow either all 300 
the oil to flow to the cylinder or divert some back into the tank depending on the lift 301 
speed required. The most commonly used type are on/off solenoid valves, which deliver 302 
pre-adjusted flows without feedback from the system. This configuration also means 303 
that the amount of oil pumped is constant and that the oil that is not used to move the 304 
car is fed-back into the reservoir. 305 
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4.1.3.2. Hydraulic cylinder 306 
In hydraulic lifts movement is transmitted to the car by a cylinder piston arrangement. 307 
The main parts are the cylinder, piston, seals and collar. 308 

The cylinder and piston are made from steel tubing and may be assembled in several 309 
sections depending on its length. Obviously the higher the lift travel, the stronger and 310 
heavier the piston will become and this may require solid piston sections. Between each 311 
section there should be a seal to retain the oil. 312 

There are two main types of hydraulic cylinders (also called jack, ram, plunger or pis-313 
ton): push-type and pull-type. 314 

Push type cylinders, as the name implies, are used to directly push the car and are, 315 
therefore, subjected to compressive loading. 316 

Pull-type cylinders are used with a counterweight system. Here, the hydraulic fluid 317 
pushes the piston in the cylinder downwards for the lift to go up. They are subjected to 318 
tensile loading rather than compressive loading. 319 

4.1.3.3. Hydraulic cooling 320 
Friction produced when the oil travels through the pipes and valves, added to the heat 321 
of the potential energy dissipated during the lift’s downward travel, causes the oil in 322 
hydraulic lifts to heat. The oil will get hotter with an increasing number of trips. When 323 
the oil in the hydraulic system becomes too hot, its viscosity decreases which degrades 324 
the travel performance of the lift. High oil temperatures may also lead to the premature 325 
failure of some components such as seals. To prevent oil overheating some hydraulic 326 
lifts with periods of high traffic may require the installation of an oil cooler, consisting 327 
of an oil circulator and radiator. 328 

4.1.4. Components used by both types of lift 329 

4.1.4.1. Ropes 330 
Suspension ropes used on traction type lifts are attached to the car, looping over the 331 
sheave and then down to the counter weights. 332 

Some hydraulic lifts can be roped (also called indirect acting) systems. In this case, the 333 
end of the piston is connected to a rope that goes over a pulley and connects to the top 334 
of the car. As the piston moves up, the car moves down, and vice-versa. The main 335 
advantages are that this configuration avoids the need for an in-ground hole and allows 336 
for a different transmission ratio according to the roping configurations (e.g. 2:1, see 337 
also Figure 4-6). 338 

Steel ropes used for hoisting lift cars are of standard construction with each strand 339 
consisting of a number of wires. Strength and flexibility are the most important proper-340 
ties. 341 

The strength is obtained by the use of a steel with a high carbon content while flexibility 342 
is provided by the stranded construction. The following types of ropes are used: 343 

• Suspension ropes: These types of ropes are designed to support and move the 344 
car and counterweight. The choice of the grade of steel and number of strands 345 
will depend on the load requirements and speed. 346 

• Governor ropes: These ropes are used in the overspeed governor (see 4.1.1.3) 347 
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• Compensating ropes: These are used in conjunction with hoist ropes, sus-348 
pended from below the car and below the counterweight. They are frequently 349 
used on high-rise lifts (over 30 meters). Compensating ropes work to offset the 350 
weight imbalance that happens when a lot of hoist rope is used on the car side 351 
or on the counterweight side. No matter where the car is in the hoist-way, this 352 
equal distribution is critical in maintaining balance between the two. One end of 353 
the compensating rope attaches to the bottom of the sling while the other at-354 
taches to the bottom of the counterweight frame. The same effect can also be 355 
achieved by the use of chains. 356 

A variety of roping systems can be employed dependant on the particular conditions of 357 
each installation (e.g. machine positioning, rated load and speed, available space, etc.). 358 
Examples of commonly used roping systems are shown in Figure 4-6. 359 

 
   

 

(a) (b) (c) (d) (e) 

Figure 4-6:  Commonly used roping systems (source: Mitsubishi) 360 

a 1:1 Single wrap Mid-, low-speed lifts 

b 1:1 Double wrap High-speed lifts 

c 2:1 Double wrap High-speed lifts 

d 2:1 Single wrap Freight lifts, Machine-
room-less lifts 

e 2:1 Single wrap Machine-room-less lifts 
 361 

In lifts that use 1:1 roping schemes, the car travels a distance equivalent to the perim-362 
eter of the sheave, for each revolution. In Europe, however, most of the lifts are roped 363 
2:1, which means that the sheave must turn twice as much for the car to travel the 364 
same distance as in a 1:1 roped lift. With the 2:1 roping scheme, however, the motor 365 
is only required to produce half of the torque of the 1:1 roping scheme. The 2:1 roping 366 
scheme, therefore, requires a smaller motor to generate the torque required to move 367 
the car and allows for the elimination of the gearbox. 368 

4.1.4.2. Guide rails 369 
Lift guide rails are necessary to ensure that both the lift car and counterweight (when 370 
present) travel in an uniform path. 371 

According to standard EN 81-1 “Cabin, counterweight and balancing weight will be 372 
guided by at least two rigid guide rails made of steel”. T section steel rail is now used 373 
almost exclusively for this purpose. 374 
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The most common configuration used is two rails for the car and two for the counter-375 
weight but there is no real limit on the number that can be used depending on the loads 376 
and the size of the rails. 377 

Under normal travel conditions guide rails are only subjected to relatively low loads, 378 
however, under some circumstances guide rails must withstand significant forces. These 379 
situations can occur: 380 

• when there are unevenly distributed loads 381 

• during loading and unloading 382 

• when the safety gear is activated. 383 

Standards EN 81-1 and EN 81-2 provide the methods to calculate the forces acting on 384 
the guide rails and thereby facilitate selection of the rail size. 385 

Guide rails are fixed to the hoist-way by means of clips connected to steel brackets. All 386 
buildings expand, contract and move to some degree and rail alignment obtained during 387 
initial installation should be maintained while this occurs. 388 

Guide rail alignment is of major importance as it affects ride quality and efficiency and 389 
also because poor alignment can lead to premature failure of lift components. 390 

4.1.4.3. Car 391 
Most lift cars today consist of two distinct assemblies: the sling or car frame and the car 392 
itself (see Figure 4-7). 393 

  394 

Figure 4-7:  Lift car sling (source: Wittur) Lift car interior (source: Schindler) 395 

The sling is a steel frame, which provides a structure that supports the car itself. Guide 396 
shoes or rollers are provided at each of the four corners of the frame to guide it along 397 
the rails. Ropes may be attached directly to the frame or pass around sheaves placed 398 
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above or below it. Safety gear as defined in standard EN 81-1 is also secured to the car 399 
frame. 400 

The car provides separation and protection between passengers and the hoist-way. It 401 
can have different construction and components depending on the comfort and aesthetic 402 
requirements of the installation. Normally, the car floor, walls and roof are made of steel  403 
and sometimes covered, entirely or partially, with glass, wood laminates, mirrors, etc. 404 
mostly for aesthetic reasons. 405 

4.1.4.4. Doors 406 
Lift doors are available in two major types, manual and automatic. 407 

Manual doors are normally hinged and in the car may be of a manual sliding scissor gate 408 
type. They can pose accessibility issues since they are difficult to open for persons in 409 
wheelchairs or elderly or disabled people and, therefore, they cannot be used in new 410 
installations due to existing regulations. 411 

Automatic doors are the most common option in lifts today powered by a door operator 412 
located in the car frame. Usually, they form a couple between car doors and landing 413 
doors. 414 

The most frequently used power-operated door for passenger lifts are horizontal sliding 415 
doors which can be (see Figure 4-8): 416 

• single slide (a) 417 

• two-speed side-opening (b) 418 

• single-speed centre-opening (c) 419 

• three-speed side-opening (d) 420 

• two-speed centre-opening (e) 421 

  

a) b) 

 
 

c) d) 

 
e) 

Figure 4-8:  Door operating configurations 422 

Doors are referred to as two- and three-speed because while panels close simultane-423 
ously, the leading panel travels at double or triple the speed of the trailing panel, mean-424 
ing that, they cover the different travel distances in the same time. 425 

EN 81-20 sets limits on the closing force and kinetic energy of moving doors and these 426 
may have a bearing on the materials selected for the door. Most doors are made from 427 
steel with either a painted or applied skin finish. 428 
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To reduce the risk of doors striking passengers while they are entering or exiting the 429 
car, the updated standards require lifts to incorporate a curtain of light mechanism – a 430 
non-contact detection system that is designed to prevent the doors from closing if an 431 
obstruction is detected. 432 

To prevent entrapped passengers from accidentally falling into the lift shaft standard EN 433 
81-20:2014 requires lifts to incorporate a car-door locking mechanism that aims to pre-434 
vent the doors from being opened from inside when the car is not close to the landing 435 
doors. This is also a requirement of the EU Lifts Directive. 436 

4.1.4.5. Door operators 437 
The function of the door operator is to automatically open and close the lift doors. When 438 
the lift arrives at a floor a mechanical device couples the car doors to the landing doors. 439 
As the car doors open they also pull open the landing doors. 440 

Door movement is achieved by coupling an electric motor with a mechanical linkage 441 
that converts the rotational motion of the motor to linear movement of the doors (see 442 
Figure 4-9). 443 

 444 

Figure 4-9:  Linear door operator (source: dorma) 445 

Electric motors for door operators can be of three types: 446 

• DC motor  447 

• AC motor with gear box 448 

• DC or AC motor with VSD and closed loop speed control. 449 

The faster the door operation the better because it saves time in loading and unloading 450 
passengers. However, there are limits to the speed of a closing door to reduce the risk 451 
of injury to passengers, set by EN 81-1. Additionally, passenger detection devices are 452 
necessary for the safety and comfort of lift users and to provide controller inputs for the 453 
operation of the doors and the lift drive. 454 

The most usual arrangement is to have a the operator mounted on the top of the lift 455 
car. When the car arrives at a landing the car door locks to the landing door and the 456 
motor is able to operate both door simultaneously. 457 

Additionally, lift doors require a mechanism to prevent the door from being open unless 458 
the car is present. 459 
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4.1.4.6. Car and landing fixtures 460 
Both information displays that indicate, at least, the direction of movement and current 461 
floor and buttons for input from the user exist inside the car and on the landing floor 462 
(see Figure 4-10). In their simplest form, this is achieved by LED indicators and backlit 463 
buttons that inform users that their call has been registered. Dot matrix displays are 464 
also common due to their flexibility. 465 

   466 

Figure 4-10:  Car and landing indicators. 467 

The connection between the car, all landing fixtures and the controller is made using 468 
copper wiring. 469 

4.1.4.7. Lighting 470 
The EN 81-20:2014 standard requires certain levels of lighting for the car interior and 471 
the shaft, with the aim to enhance passenger safety and accessibility. In-car lighting 472 
must now provide an illumination intensity of 100 lux instead of 50 lux, and emergency 473 
in-car lighting 5 lux for one hour instead of 1W for one hour. To enhance safety for 474 
service engineers, the new requirement for emergency lighting on the car roof is now 5 475 
lux for one hour. The new requirements for shaft lighting are as follows: 476 

• minimum of 50 lux 1 metre above the car roof within its vertical projection 477 

• minimum of 50 lux 1 metre above the pit floor everywhere a person can stand, 478 
work, and/or move between the working areas 479 

• minimum of 20 lux outside of the locations defined above, excluding shadows 480 
created by car or components. 481 

Currently, new lift installations normally come equipped with LED light fixtures. 482 

4.1.4.8. Buffers 483 
Buffers are safety devices placed at the base of the lift shaft to stop the car or counter-484 
weight in the case that one of them over-travels into the lift pit. The number of buffers 485 
will vary according to the design capacity of the buffers and the load to be stopped. 486 
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There are two basic types of buffers: energy accumulation types using springs or rubber, 487 
and energy dissipation types such as hydraulic buffers. 488 

4.1.4.9. Controller 489 
The controller cabinet contains the equipment necessary to control and monitor the 490 
operation of the lift installation. 491 

Lift controllers have two main objectives: 492 

• command the car to move up or down and to stop at the appropriate landings, 493 
and command the opening and closing of the lift doors 494 

• efficiently serve passengers demands and, in a lift group, coordinate the opera-495 
tion of the individual cars in order to make efficient use of the lift group 496 

The controller receives several inputs, such as landing and car calls, the cars’ position, 497 
direction of travel and load, and produces a number of outputs to operate the doors, 498 
motor drive and signalling devices. Generally, the more information the controller has, 499 
the better it will perform. 500 

Three basic controller technologies have been used: 501 

• electromagnetic relays 502 

• solid-state logic 503 

• programmable logic controllers (PLCs) based systems. 504 

Today, lift controllers are PLC based systems due to their capabilities and flexibility of 505 
use. Different control algorithms can be applied to the movement of lifts, either when 506 
operating individually or within a group. The main objective defines the strategy used 507 
[11] i.e. to: 508 

• minimise passenger waiting time 509 

• minimise passenger journey time 510 

• minimise the variance in passenger waiting time 511 

• maximise the handling capacity 512 

• minimise the energy consumption. 513 

Typically, lift controllers are programmed to minimise passenger waiting time while 514 
maximising the handling capacity. 515 

Motor speed controls 516 

Accurate control of the motor speed acceleration and deceleration are essential to 517 
achieving good ride quality while delivering the passengers swiftly to their destination 518 
in an efficient manner. Lift drives are also required to accurately align the car with the 519 
landing floor at each stop (levelling). 520 

Several methods have been used to control the motor speed, namely: 521 
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DC motor with Ward Leonard set 522 

A Ward Leonard set is a DC motor speed control system. by controlling the field windings 523 
and hence the output voltage of a DC generator. As the speed of a DC motor is dictated 524 
by the supplied voltage, this gives simple speed control. 525 

DC motor with solid state controller 526 

In DC systems, solid state controllers have been the most common option since the 527 
early 90’s, substituting the Ward Leonard set with great efficiency improvements and 528 
more accurate speed and levelling control. 529 

Two-speed AC motor 530 

In AC motors, the speed is determined by the number of pole pairs and the frequency 531 
of the supplied current therefore, pole-changing motors have been used to achieve the 532 
lift’s two operating speeds. 533 

Induction motor with variable voltage 534 

Variable voltage controllers were widely installed from the mid-eighties to the early 535 
nineties. These systems are very simple. They rely on three pairs of back-to-back thy-536 
ristors for varying the RMS (root mean square) voltage to the motor and, as a result of 537 
this voltage reduction. This produces an increase in motor slip, which translates into 538 
speed reduction, however, it also reduces the motor efficiency. 539 

Variable voltage / variable frequency control 540 

Today, the most widely used motor speed control method is the Variable Voltage Vari-541 
able Frequency (VVVF) drive. It relies on the fundamental principle that the speed of an 542 
induction motor is directly linked with the supply frequency applied to the stator wind-543 
ings. By varying the frequency and by keeping the voltage / frequency ratio constant, 544 
the speed-torque curve is moved, maintaining a constant pull-out torque and the same 545 
slope of the linear operation region of the curve (Figure 4-11). VVVF drives are used 546 
with both induction and permanent magnet motors. 547 

 548 

Figure 4-11:  Speed-Torque Curves for an Induction Motor (f1<f2<f3<f4<f5 and 549 
f5=50Hz) (source: ISR-UC) 550 

4.1.4.10. Safety and emergency requirements related equipment 551 
Some of the requirements of the Lifts Directive 2014/33/EU and of parts of the European 552 
Standard EN 81 series - Safety rules for the construction and installation of lifts - Lifts 553 
for the transport of persons and goods, require the use of additional equipment that, 554 
although not being essential to the normal operation of lifts, have important implications 555 
in their electricity consumption, in particular during standby. 556 

Speed

To
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Both the Lift Directive and standard EN 81-28:1018 - Remote alarm on passenger and 557 
goods passenger lifts, state that lift cars must be fitted with two-way means of commu-558 
nication allowing permanent contact with a rescue service. These systems should include 559 
features such as an auto-dialler designed to provide trapped passengers with easy 560 
hands-free connection to emergency help. The trapped passenger simply presses the 561 
emergency button inside the lift car and the auto-dialler automatically connects to pre-562 
programmed emergency telephone numbers. The communication can be made through 563 
a land line or GSM network. Nevertheless, communication must be ensured even during 564 
a power outage, which means the equipment must have a secondary power supply 565 
(typically batteries). 566 

Additionally, cars must be designed and constructed to ensure sufficient ventilation for 567 
passengers, even in the event of a prolonged stoppage, and be equipped with emer-568 
gency lighting, working even without the normal power supply. Their period of operation 569 
should be long enough to allow normal operation of the rescue procedure. 570 

In the event of a power outage, lifts may be equipped with a system that returns the 571 
lift, either to the closest floor or to the ground floor. In the first case, the system uses 572 
the unbalanced weight of the lift (car or counterweight) to move the lift to the nearest 573 
floor in the lowest weight direction - controlling the speed via the motor brake. 574 

In emergency situations such as a fire, building occupants are normally evacuated using 575 
the staircase. However, in public buildings, lifts may be required to assist in the evacu-576 
ation of disabled people as defined in CEN/TS 81-76. In such a case the lift would have 577 
to be put in use by an authorised person, familiarised with the evacuation procedures, 578 
via a lock key. 579 

To ensure these safety functions a secondary independent power supply is required. The 580 
supply may be ensured via a generator or an Uninterruptable Power Supply (UPS) of 581 
the required capacity, depending on the level of service required. 582 

Additionally, EN 81-72 requires that buildings of a certain size have fire-fighting lifts. In 583 
the UK, British Buildings Standard BS 9999 requires fire-fighting lifts in buildings that 584 
are >18 metres tall, or have basements >10 metres deep. A firefighter lift is a passenger 585 
lift that may be used by firefighters to safely travel between floors in the event of a fire. 586 
As expected, the requirements for this type of lift are very demanding and the secondary 587 
power supply must ensure at least two hours of operation. 588 

The main battery technology for existing UPS products is lead acid. It is typically of a 589 
sealed, valve-regulated lead acid battery type. 590 

4.1.4.11. Standby power consumption 591 
The energy consumed by lifts when not carrying passengers constitutes a standby load, 592 
which is often a significant contribution to the overall energy consumption of the lift. It 593 
can represent more than 90% of the total electricity consumption in lifts having a low 594 
number of daily trips. The consumption is attributable to equipment, as described above, 595 
that is constantly working, such as control systems, security systems, lighting, ventila-596 
tion, power supplies, floor displays and operating consoles in each floor and inside the 597 
lift cabin. 598 

As can be seen in Figure 4-12 the standby energy consumption of lifts can vary a lot 599 
and is independent of the age of equipment. Nevertheless, it is important to note that 600 
while loads such as lighting have been reducing substantially in recent years due to 601 
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technological advances (LEDs), other equipment are increasing their energy consump-602 
tion due to increased capabilities (e.g. controllers). New safety requirements also lead 603 
to the use of equipment that was not present in older installations such as intercom 604 
systems and UPSs, which also contribute to increased standby loads. 605 

 606 

Figure 4-12: Standby consumption of the lifts audited during the E4 monitoring cam-607 
paign 608 

 609 
Question 4-2: What are the typical standby consumption levels of lifts? Is there any 610 
evidence that the standby consumption has reduced significantly in the last few years? 611 
 612 

4.1.5. Products with standard improvement (design) options 613 
Concern with regard to the environmental performance of lifts has grown over the last 614 
decade, in particular with regards to their electricity consumption. Manufacturers have 615 
identified the main causes for inefficiencies in lifts and have developed a number of 616 
components with improvements that reduce these inefficiencies [14]. The main design 617 
options identified are shown in Figure 4-13 and described in this section. 618 
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 619 

Figure 4-13:  Identified improvement options in Lifts (PM: Permanent magnet; VSD: 620 
Variable Speed Drive; VVVF: Variable Voltage Variable Frequency)  621 

Electric motors 622 

Inductions motors are the most widely used motor technology in lifts today. Several 623 
strategies can be used to increase the efficiency of induction motors: advances in motor 624 
design (namely thermal and winding design); tighter tolerances; the use of superior 625 
magnetic materials; larger copper/aluminium cross-section in the stator and rotor to 626 
reduce resistance; and use of copper rotors, are just some of the techniques that con-627 
tribute to lowering the losses in induction motors and allowing them to reach very high 628 
efficiency levels (see Figure 4-14). 629 
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 630 

Figure 4-14:  Strategies to increase induction motor efficiency. 631 

Since these motors operate at synchronous speed they do not have losses in the rotor 632 
and are, therefore, capable of achieving very high efficiency. 633 

Permanent Magnet Synchronous Motors (PMSM) are becoming the main alternative to 634 
induction motors in lift applications due to their rivaling induction motors in reliability 635 
and excelling in efficiency. Since these motors operate at synchronous speed and due 636 
to the permanent magnet configuration, they do not have losses in the rotor and are, 637 
therefore, capable of achieving even higher efficiency. Typically, a loss reduction 638 
compared to induction motors of around 15-20% is achieved, depending on motor 639 
output power. 640 

Furthermore, permanent magnets allow the implementation of a very high number of 641 
poles, with a speed reduction with the same voltage and a torque increase with the 642 
same current. The result is a more compact, higher efficiency high torque / low speed 643 
machine ideal for direct drive lift applications with additional advantages in terms of 644 
efficiency, overall dimensions, cost, reliability and control precision [9].  645 

The compactness of PMSMs (see Figure 4-15) and the use of direct drive coupling some-646 
times allows for the elimination of the machine room, above or adjacent to the hoist-647 
way. The motor and control systems are mounted within the hoist-way itself. The ab-648 
sence of a machine room leads to lower construction costs and frees highly valuable 649 
space normally occupied by lift support systems [10]. Gearless systems typically have 650 
a 20-30% lower electricity consumption when compared to similar geared systems [1]. 651 
Also, lift machine rooms can be areas where substantial air leakage and heat loss from 652 
the building occurs. 653 
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 654 

Figure 4-15:  Compact PM traction machine (source: Mitsubishi) 655 

One drawback is that permanent magnets often use rare-earth materials for their ad-656 
vanced capabilities. The production of rare-earth alloy permanent magnets causes the 657 
following well known problems: 658 

• price instability / uncertainty due to concentrated production of Rare Earths in 659 
China,  660 

 661 
• the limited supply of Dysprosium (Dy), 662 

 663 
• the environmental impact of mining and refining these elements. 664 

 665 
To avoid these problems, some motor manufacturers have started production of motors 666 
using alternative materials and technologies, such as: 667 

• reduced-Dy magnet technology (e.g. Hitachi’s dysprosium vapor deposition dif-668 
fusion technology) 669 

 670 
• recycling (limited by economic feasibility) 671 

 672 
• development of new magnetic materials (some not yet commercially available): 673 

Iron Nitride, Samarium Iron Nitride, Cerium and Manganese-based compositions, 674 
magnetic nanoparticles and Iron Lithium Nitride. 675 

 676 
• much less costly and widely available Ferrite Magnets. 677 

 678 
Motor controls (Variable Speed Drive) 679 

Variable Speed Drive (VSD) energy consumption depends on the losses in the control 680 
circuits: motor control, network connection, Input/Output (I/Os), logic controllers and 681 
particularly in the output-switches (30-50%). These losses may vary depending on the 682 
capabilities of the VSD. 683 

The main operating factors affecting VSD losses are the switching frequency (the higher 684 
the switching frequency, the higher the losses in the drive) and the output current 685 
(which depends on output power and load). However, low switching frequency leads to 686 
higher harmonic currents in the driven motor and can cause torque ripple. 687 
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Thyristors in VSD circuits have been nearly completely replaced by transistors - IGBTs 688 
(Insulated Gate Bipolar Transistors) and MOSFETs (Field Effect Transistors) – bringing 689 
a significant reduction in overall losses and costs and resulting in an increasingly com-690 
petitive product. Developments in power semiconductor technology and materials, such 691 
as GaN (Gallium Nitride) and SiC (Silicon Carbide), can reduce the losses in VSDs (both 692 
switching and conduction) even further (by over 50%).  693 

The most efficient VSDs present in the market today have 50% lower losses than the 694 
average product on the market. Improved control algorithms also contribute to the in-695 
crease in efficiency of these devices. 696 

One major contribution to the overall energy consumption of VSDs is their standby 697 
power consumption which can also vary widely as can be seen in Figure 4-16. 698 

 699 

Figure 4-16:  VSD Standby Losses (manufacturers’ data, 2017) 700 

Another important aspect is the acceleration process. As it can be seen in Figure 4-17 701 
if the motor is simply turned on (situation (a)), without any speed control, the rotor 702 
losses will be higher than with a pole changeable motor (situation (b)). A more efficient 703 
acceleration technique uses a VSD (situation (c)), that will significantly reduce energy 704 
consumption compared to the other techniques mentioned. 705 
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 706 

Figure 4-17:  Energy-Consumption for an acceleration period: (a) Standard Motor; (b) 707 
Pole Changeable Motor; (c) Variable Speed Drive (VSD) (source: 708 
adapted from De Almeida et al. 2005). 709 

The use of a VSD with regeneration capabilities can be used to harness the energy 710 
transferred when a lift is travelling downwards when full (or upwards when empty). In 711 
this case, the electric motor is decelerating and/or braking and so is operating as a 712 
generator. When a regenerative VSD is used to control the motor, the kinetic energy 713 
and/or the gravitational potential energy stored in a system may be reused, instead of 714 
being dissipated in a power resistance installed in the DC bus of the non-regenerative 715 
VSD. The energy generated by the motor can be reused in three different forms, 716 
namely: (i) injected directly into the AC grid; (ii) injected into a common DC bus; (iii) 717 
stored in super-capacitors and/or batteries, for later use. 718 

The amount of regenerated energy is higher in PM gearless systems due to their higher 719 
efficiency and because friction losses in the gears are eliminated. 720 

Generally, a regenerative drive can reduce lift energy consumption between 20% and 721 
40% [7]. 722 

Lift controls  723 

Control options in lifts have a major impact on energy consumption. By efficiently de-724 
livering passengers with the least amount of trips, starts and stops, and number of lifts 725 
used, the energy consumed is significantly reduced. Additionally, some specific control 726 
strategies can help reduce the energy consumption of lifts. Nevertheless, passenger 727 
comfort should not be compromised, as well as waiting and travel times. Such strategies 728 
include [1]: 729 

Shutting down lifts during periods of low traffic demand 730 

Lift groups are designed to respond optimally to heavy traffic demand situations, such 731 
as during up- or down-peak demand. During inter-floor traffic, the capacity of the in-732 
stallation is never fully used. Therefore, it may make sense to disable some of the lifts 733 
in the installation during these low demand periods, without significantly affecting the 734 
system’s traffic handling performance. By itself this would produce considerable energy 735 
savings, but it has one side effect that further enhances the energy efficiency of the 736 
installation. By reducing the number of lifts in use, the car load is increased, moving 737 
closer to the counterbalancing ratio. 738 



 

Draft document for 2nd stakeholder meeting on 17th September 2018 

28 
 

Appropriate zoning arrangements 739 

In high-rise buildings, it is possible to group the lifts to serve particular zones of floors. 740 
This creates the need for people travelling to floors within that zone to use the same 741 
lifts, thereby reducing the number of start / stop cycles made and avoiding unnecessary 742 
energy losses. Appropriate zoning arrangement will not only improve the energy per-743 
formance of the lift installation, but will also improve the handling capacity and the 744 
quality of the service due to a shorter Round Trip Time. 745 

Use of advanced algorithms 746 

Employing advanced algorithms that track where each lift is located, to consider the 747 
potential energy available from its car and counterweight locations. 748 

Monitoring devices 749 

Modern controllers have logging capabilities which are indispensable for maintenance 750 
purposes. They register data related to failures, but can also provide additional data 751 
that can be used to improve the performance of the system. By logging information on 752 
the energy consumption of lifts a means of conducting energy audits is also provided. 753 
The availability of information improves the awareness of building owners / managers 754 
on the electricity consumed by the system. This information may also be combined with 755 
other information logged by the controller (e.g. traffic patterns, idle times, and load) 756 
and used to improve the energy performance of the installation. 757 

Hall call allocation 758 

Hall call control systems work by replacing the conventional up or down buttons near 759 
the lift doors with consoles located in the building’s lobby. Passengers enter their desti-760 
nation as they go in the building and are immediately dispatched to a lift servicing their 761 
destination. Passengers are thus grouped by destination, significantly reducing 762 
starts/stops and travel time. Since the controller has broader information on the varia-763 
bles at stake, it is able to make more intelligent decisions. 764 

The use of hall call allocation enables the system to assign the number of passengers 765 
that is more likely to match the counterbalancing ratio of the lift, thus minimising the 766 
energy used. This is especially pertinent in low traffic periods, when it is less important 767 
that lifts travel at their maximum capacity. 768 

Double-deck lifts 769 

One solution to improve the traffic handling capabilities of a lift system in very high-rise 770 
buildings is to use Double-Deck (DD) lifts. This system consists of two individual cars 771 
that travel together, the upper one serving odd floors and the lower one even floors. 772 
Both cars travel using the same shaft and drive system, saving space and resources 773 
[12]. Modern double-deck systems use sophisticated controls to ensure that the best 774 
deck is allocated to calls minimising waiting times, travel time and number of stops. 775 

Door operators 776 

Direct drive motors, either AC induction motors or PM motors, using closed-loop elec-777 
tronic control of speed, torque and door position are the most advanced solution having 778 
high-efficiency and eliminating the transmission losses. Additionally, they minimise 779 
opening and closing door times and may adjust their speed to different levels of pas-780 
senger traffic with resulting improvement of the traffic handling capacity of the lift. 781 
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The weight of the doors has an important influence on the energy consumption of door 782 
operators. Therefore, door weight reduction should be used. 783 

Also, side opening doors have to open the whole width of the doorway, which will take 784 
more time. Where centre opening doors can be fitted, faster door operation is achieved 785 
and, therefore, the energy consumption of this type of doors is less. 786 

Some door operators keep the lift door closed by keeping the motor energised. This 787 
constitutes a major standby load that can easily be avoided by having an alternative 788 
method of locking the lift door. 789 

Lighting 790 

Although LED lighting is used in most new lift installations, the technology has been 791 
subject to great improvements over the last few years, now reaching efficacies of over 792 
150 lm/W. However, the quality of the products in the market, may vary substantially. 793 
Additional advantages are its long lifetime. 794 

Ventilation 795 

One contribution to the energy consumption of the lift system is car ventilation. The 796 
development of motor technology combined with a global reduction in the cost of elec-797 
tronics and power electronics over the last few years have made it possible to achieve 798 
electronically controlled (EC) fan prices that are now broadly comparable to the costs of 799 
similar solutions involving the use of AC induction motors. Electronically controlled per-800 
manent magnet motors (EC motors) can achieve very high efficiencies and competitive 801 
prices in variable speed applications (see Figure 4-18). 802 

 803 

Figure 4-18:  Efficiency of EC/BLDC motors (source: EBM-Papst) 804 

Especially with fans, setting the operating point to meet the required flow has a notice-805 
able impact on energy consumption, as the power consumed changes with the third 806 
power of the speed. Good speed control is also an important factor in regard to acoustic 807 
noise and vibrations. 808 

Power supplies 809 

Many of the lift components require a power supply to convert alternating current (AC) 810 
power input from the mains power source input into lower voltage direct current (DC). 811 
Such equipment include lift car fixtures, door operator controllers, intercom systems, 812 
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etc. Power supplies can have significant losses which are particularly important during 813 
standby mode. 814 

Commission Regulation (EC) No 278/2009 sets minimum energy performance standards 815 
for external power supplies, both in active mode and in no load condition, which are 816 
shown, alongside the requirements in the USA, in Figure 4-19 and Figure 4-20. How-817 
ever, the regulation only covers power supplies in electric and electronic goods used in 818 
the household and the office, and therefore does not apply to lift equipment. Neverthe-819 
less, the requirements of the regulation can serve as a good indicator of the cost-effec-820 
tive efficiency improvement that are possible for this equipment. The best available 821 
technology medium-power EPS could have around 95% average efficiency, across a 822 
wide range of output powers, from 10 to 100% load, with a no load standby level as 823 
low as 0.01W. 824 

 825 

Figure 4-19:  U.S. and European EPS MEPS for average active efficiency 826 

 827 
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 828 

Figure 4-20:  U.S. and European EPS MEPS no-load condition 829 

 830 

Guide rails and shoes  831 

Another cause for inefficiencies are the guide rails and shoes that ensure travel in a 832 
uniform vertical direction. Correct maintenance (e.g. alignment, lubrication) should be 833 
guaranteed to minimise the losses in these components. Furthermore, when correctly 834 
maintained, the use of roller guides is preferred to the use of sliding guides. Tests show 835 
an effective coefficient of friction for roller guides of 0.03. With sliding guides, this fric-836 
tion can easily be 10 times as much, especially if the lubrication is not well maintained. 837 
Sliding guides can easily cause over 100 kg (1.000 N) of frictional losses in the system 838 
if it is not well balanced, or if the 4 guides and rails are not perfectly co-planar. Even 839 
with perfect balance, loads can be placed in the car off centre, causing frictional losses 840 
at the guides. In roller guides, imbalances can also cause flat spots, creating noise and 841 
reducing ride quality. 842 

Standby loads 843 

There are two ways of reducing the standby consumption of lifts. 844 

The first is to use the most efficient equipment i.e., that equipment which uses the least 845 
energy to perform the same function. One example is to use mechanical door locks 846 
instead of electrical door locks that keep the lock energised in order to keep the door 847 
closed. Another example is to minimise the no-load losses of power supplies which can 848 
be very low (under 1 Watt as shown above). 849 

The second way is to turn off the equipment that is not being used. Most manufacturers 850 
now offer two standby modes. The first one does not imply an addition to the passenger 851 
waiting time as only components that can be instantly turned on would be completely 852 
or partially disabled (e.g. lighting, ventilation, and car displays). The second standby 853 
mode shuts down further components (e.g. after 30 seconds of idle time), but the sys-854 
tem may take a longer time to reboot due to the nature of the equipment switched-off 855 
(e.g. drive units, door operators, car electronics, light curtains / door detectors). 856 
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Rebooting the idle equipment can have an impact in passenger waiting time. However, 857 
recent technological developments in microprocessor capabilities (driven mainly by mo-858 
bile, battery powered, consumer products such as smartphones or laptops) have re-859 
duced the rebooting times to seconds, with very low standby consumption in sleep mode 860 
or hibernation. 861 

In some cases standby mode consumption can be reduced by up to 80%. 862 

4.1.5.1. Options specific to traction elevators 863 
Traction sheave and pulleys 864 

The weight of the sheave and pulleys also has an effect on the energy consumption of 865 
lifts. As the speed increases, the traction sheave and rope pulleys also revolve faster so 866 
that they have an increasingly greater influence on the starting output. The diameters 867 
of the traction sheave and rope pulleys cannot be reduced indefinitely, but it is possible 868 
to use polyamide instead of cast iron for the rope pulleys, thus reducing the moment of 869 
inertia by a ratio of approximately 1:5. 870 

Ropes and Belts 871 

Some new materials are available to replace conventional steel wire rope with significant 872 
advantages that are also reflected in the energy efficiency of lifts. 873 

Aramid fibre (Kevlar®) ropes are one solution. They are four times lighter than conven-874 
tional steel ropes for the same tensile strength. The synthetic rope has higher fatigue 875 
strength under reverse bending stress than steel ropes, which allows bends to have a 876 
smaller radius. Furthermore, they do not require lubrication throughout their lifetime 877 
[6]. 878 

Another option is the use of belts. These belts consist of a band comprised of ultra-thin 879 
steel cables encapsulated in a polyurethane sheath. 880 

Because these ropes or belts allow for a greater bending ratio, smaller sheaves can be 881 
used along with smaller motors because a smaller torque requirement is necessary (see 882 
Figure 4-21). 883 

For example, flat belts allow the use of a 100 mm diameter sheave instead of the com-884 
monly used 720 mm diameter sheave. In this way, at a given lift speed, the smaller 885 
sheave rotates 7.5 times as quickly as a 720 mm sheave, so a smaller motor can deliver 886 
more torque to the load. Furthermore, it avoids the use of a gearbox which results in 887 
supplementary energy savings. 888 

 889 



 

Draft document for 2nd stakeholder meeting on 17th September 2018 

33 
 

 890 

Figure 4-21:  Traction Belts vs Steel cables 891 

The weight of the ropes is becoming an increasingly important concern as building 892 
heights increase at a fast pace. Rope weight increases exponentially with height and 893 
can reach 50 to 70 tons to move just a few passengers in a high-rise building [8]. 894 

One weight saving solution is belt-like ropes fabricated via pultrusion with carbon fibre, 895 
with a polyurethane coating. 896 

Correctly dimensioned counterweight 897 

Lifts are normally counterbalanced at 40 to 50% of rated load. This means that the mass 898 
of the counterweight equals the mass of the car plus 40 to 50% of the rated load. The 899 
least energy consumption occurs for the situation when the counterweight mass equals 900 
the mass of the car plus its passengers, i.e., car and counterweight are perfectly bal-901 
anced. But this situation seldom occurs and different lifts in different buildings will have 902 
different typical load rates. A residential lift will often carry very few passengers and, 903 
therefore, it makes sense that it is counterweighted at less than 40%. Conversely, lifts 904 
in office buildings with high traffic may travel most of the time with the car filled to more 905 
than half its rated load and so it could make sense that it is counterweighted at more 906 
than 50%. 907 

Dimensioning the counterweight based on traffic analysis offers a very cost-effective 908 
opportunity of improving the energy efficiency of lifts. 909 

4.1.5.2. Options specific to hydraulic elevators 910 
Control valve 911 

Closed-loop, electronically controlled, proportional solenoid valves, can react to the real-912 
time signals from the flow, temperature and, sometimes, pressure sensors, thus com-913 
pensating for variations in oil viscosity and pressure. The use of these valves greatly 914 
increases the travel comfort, and  the starting and stopping accuracy. Because of the 915 
increased speed control, they reduce both the levelling time and the overall travel time. 916 
Therefore, pump run times are reduced and less heat is generated, improving efficiency. 917 
Additionally, the need for supplementary cooling of the hydraulic fluid is avoided. 918 
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Variable Voltage Variable Frequency control 919 

The most energy-efficient solution is to combine the use of a VVVF drive with an appro-920 
priate control valve. By varying the speed of the pump, only the amount of oil necessary 921 
to move the lift is supplied as opposed to conventional systems where the amount of oil 922 
pumped is constant and partially fed-back into the tank. Another advantage is that the 923 
starting current is reduced by decreasing the demand on the power supply. Because the 924 
heat losses are reduced, additional oil cooling is not necessary in most applications. 925 

Regenerative hydraulic drives 926 

In VVVF driven hydraulic lifts, provided the drive has regenerative capability, the pump 927 
can turn backwards during car downwards travel and the motor act as a generator. 928 
Energy can be stored in a battery, super-capacitor or fed directly into the building grid 929 
[15]. 930 

Counterweight 931 

The absence of a counterweight in hydraulic lifts means that they have to lift the entire 932 
car load. This is the major cause for the higher travel energy consumption of hydraulic 933 
lifts when compared to traction lifts. 934 

However, there are roped hydraulic lifts with a counterweight. Instead of pushing the 935 
car directly, the piston pulls on the counterweight in order to move the car upwards. 936 
The use of a counterweight allows for a motor with a smaller power rating to be used 937 
when compared to conventional hydraulic lifts. They have the additional advantage of 938 
being hole-less. Disadvantages include the need for additional components (e.g. guide 939 
rails, ropes, pulleys) increasing the maintenance requirements; increasing the load on 940 
the building structure; and the additional space required for the counterweight. 941 

Another possibility is the use of hydraulic pressure accumulators that act as a counter-942 
weight. These bladder type components store the potential energy during down travel 943 
releasing it during the up cycle. This way a smaller motor can be used saving energy 944 
and reducing the power supply demand. Since the potential energy is transferred to the 945 
accumulator instead of being dissipated as heat, cooling is no longer necessary, which 946 
results in additional energy savings. 947 

The potential exists to reduce hydraulic energy use in the range of 50% with proven, 948 
available approaches [5]. Manufacturers claim that even higher reduction of the running 949 
energy consumption is possible (over 70%) with a combination of the above described 950 
technology options, compared to conventional hydraulic systems. 951 

4.1.6. Best Available Technology BAT (i.e. the best products on the mar-952 
ket) 953 

Lifts are very complex products that must be individually designed for each application 954 
and, therefore, no single BAT products exist. The best products on the market are the 955 
products that best combine the design options described above to effectively and effi-956 
ciently fulfil the requirements of the specific installation they are designed for. 957 

As described in Task 1, ISO 25745-2 defines a methodology for the energy efficiency 958 
classification of lifts [13]. This methodology takes into account the installation charac-959 
teristics and final use of the lift. Most lift manufacturers offer lifts with Class A according 960 
to the ISO classification standard. 961 

Best available technologies on the market cover the following aspects: 962 
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• energy efficient gearless motors 963 

• regeneration capability, both in traction and hydraulic systems, in high usage 964 
lifts 965 

• energy efficient control 966 

• efficient LED lighting 967 

• use of biodegradable hydraulic fluids (relevant for LCA, not EE) 968 

• improvement of the pump, drive and flow control valve for hydraulic lifts 969 

• lighter moving components 970 

• low stand-by modes. 971 

The best lifts in the market can have idle and standby consumption as low as 30W and 972 
specific energy consumption as low as 0.3mWh/kg.m 973 

4.1.7. Best Not yet Available Technology BNAT  974 
 975 
Question 4-3: Which are the technologies currently under development that can po-976 
tentially improve the life cycle impact of lifts? 977 
 978 
 979 

  980 
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4.2.  Subtask 4.2- Production, distribution and end of life 981 

4.2.1. Product weight and Bills-of-Materials (BOMs), preferably in EcoRe-982 
port format  983 

The bill of materials (BOMs) for the lifts is intended to represent the average products 984 
on the market today. The values are derived from stakeholder input, product catalogues, 985 
existing environmental product declarations and other LCA studies for lift products or 986 
components.  987 

 988 

Figure 4-22:  Hydraulic motor market according to nominal load (in kg), 2015 (based 989 
on Task 2) 990 

 991 

Figure 4-23:  Traction motor market according to nominal load (in kg), 2015 (based 992 
on Task 2) 993 

In line with the MEERP methodology, the analysis of this study has to be carried out 994 
using Base-cases. These base cases represent average lifts (and not specific ones) put 995 
onto the market. The results of the previous Tasks lead to a definition of six Base-cases 996 
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for this study. They are based on the most important market segments as shown in 997 
Figure 4-22 and Figure 4-23. The main characteristics of the Base-cases are given in 998 
Table 4-1. 999 

Table 4-1:  Overview of the base cases. 1000 

Base Case ID Base 
Case 1A 

Base 
Case 1B 

Base 
Case 2A 

Base 
Case 2B 

Base 
Case 3 

Base 
Case 4 

Type traction hydraulic traction hydraulic traction traction 
Rated load in [kg] 320 320 630 630 630 1200 
Rise [m] 12 12 12 12 21 30 
Number of floors [-] 4 4 4 4 7 10 
Nominal speed [m/s] 0,7 0,7 0,7 0,7 1 1,6 
Roping 1:1 n.a. 1:1 n.a. 1:1 2:1 
Daily trips [-] 50 50 125 125 300 750 
Usage Category  1 1 2 2 3 4 
Average travel distance [-] 49% 49% 49% 49% 49% 44% 
Average car load [-] 7,5% 7,5% 7,5% 7,5% 7,5% 6,0% 
Number of operating days 
per year [d/a] 

365 365 365 365 365 365 

Designed service life [a] 25 25 25 25 25 25 
FU [tkm] 64 64 317 317 1331 6504 

 1001 

The aggregated BOMs for the base cases is provided in Table 4-2. These figures are 1002 
based on expertise and desk research of the project team. Furthermore, for the technical 1003 
data, feedback was requested from manufacturers via the associations ELA, ELCA and 1004 
EFEMSE on an Excel-sheet (focusing on technical data without prices) published on the 1005 
project website. A detailed BOM for each base case is provided in the Appendix. In Task 1006 
5, the BOM is presented according to the EcoReport template. 1007 

 1008 
Question 4-4: Comments from Stakeholders to the BOM are welcome. 1009 
 1010 
 1011 
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Table 4-2:  Overview of aggregated BOM. 1012 

 1013 
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4.2.2. Materials flow and collection effort at end-of-life (secondary waste), 1014 
to landfill/ incineration/ recycling/ re-use (industry perspective) 1015 

At the end of life the lift is dismantled. Lifts are mainly built with metals that are recy-1016 
clable and that have a very high value (e.g. steel, aluminium, copper). For these mate-1017 
rials the end-of-life treatment of the lift entails multi-metal scrap recycling. Plastic con-1018 
tent is either recycled, used for energy recovery or landfilled. 1019 

Typical packaging materials for lift components are wood or plywood for larger equip-1020 
ment and cardboard and occasionally plastic  for smaller components. 1021 

Lifts are excluded from the scope of the WEEE Directive (recital 9). However, any equip-1022 
ment which is not specifically designed and installed as part of those installations, and 1023 
which can fulfil its function even if it is not part of those installations, should be included 1024 
in the scope of the Directive. This includes components such as lighting equipment, 1025 
electronic controls and batteries. 1026 

Batteries also fall under the scope of Directive 2006/66/EC of the European Parliament 1027 
and of the Council of 6 September 2006 on batteries and accumulators and waste bat-1028 
teries and accumulators 1029 

Waste oils are governed by the Waste Framework Directive 2008/98/EC, especially by 1030 
Article 21, on waste oils. The Directive states that waste oils must be collected sepa-1031 
rately, where this is technically feasible and preferably regenerated. This applies to both 1032 
lubricant oils and hydraulic fluids in lifts. 1033 

4.3. Subtask 4.3- Recommendations 1034 
Recommendations are not made at this draft stage since stakeholder interaction is likely 1035 
to improve the quality of the inputs with consequent effects on the results of the current 1036 
technical analysis. They will address the following topics:  1037 

4.3.1. Refined product scope from the technical perspective (e.g. exclude 1038 
special applications for niche markets) 1039 

(to be concluded)  1040 

4.3.2. Barriers and opportunities for Ecodesign from a technical perspec-1041 
tive 1042 

(to be concluded) 1043 

4.3.3. The typical design cycle for this product and thus approximately ap-1044 
propriate timing of measures 1045 

(to be concluded) 1046 

4.4. References for Task 4 1047 
[1] E4 - Energy Efficient Elevators and Escalators, Final Report, 2010, Report elaborated 1048 
for the European Commission (DG ENER) 1049 

[2] “CIBSE Guide D: Transportation systems in buildings”, The Chartered Institution of 1050 
Building Services Engineers London, September 2005, Reprinted with corrections in July 1051 
2008 1052 

[3] EC Commission Regulation (EC) No 640/2009 of 22 July 2009 implementing Di-1053 
rective 2005/32/EC of the European Parliament and of the Council with regard to 1054 
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[13] ISO 25745-2:2015 Energy performance of lifts, escalators and moving walks - Part 1075 
2: Energy calculation and classification for lifts (elevators), International Organization 1076 
for Standardization, 2015 1077 
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4.5. Appendix 1083 
Table 4-3:  Detailed BOM for BaseCase1A – Part 1 (source: project team with input 1084 

from stakeholders) 1085 

 1086 
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Table 4-4:  Detailed BOM for BaseCase1A – Part 2 (source: project team with input 1087 
from stakeholders) 1088 

 1089 
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Table 4-5:  Detailed BOM for BaseCase1B – Part 1 (source: project team with input 1090 
from stakeholders) 1091 

 1092 
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Table 4-6:  Detailed BOM for BaseCase1B – Part 2 (source: project team with input 1093 
from stakeholders) 1094 

 1095 
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Table 4-7:  Detailed BOM for BaseCase2A – Part 1 (source: project team with input 1096 
from stakeholders) 1097 

 1098 
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Table 4-8:  Detailed BOM for BaseCase2A – Part 2 (source: project team with input 1099 
from stakeholders) 1100 

 1101 
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Table 4-9:  Detailed BOM for BaseCase2B – Part 1 (source: project team with input 1102 
from stakeholders) 1103 

 1104 



 

Draft document for 2nd stakeholder meeting on 17th September 2018 

48 
 

Table 4-10:  Detailed BOM for BaseCase2B – Part 2 (source: project team with input 1105 
from stakeholders) 1106 

 1107 
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Table 4-11:  Detailed BOM for BaseCase3 – Part 1 (source: project team with input 1108 
from stakeholders) 1109 

 1110 
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Table 4-12:  Detailed BOM for BaseCase3 – Part 2 (source: project team with input 1111 
from stakeholders) 1112 

 1113 
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Table 4-13:  Detailed BOM for BaseCase4 – Part 1 (source: project team with input 1114 
from stakeholders) 1115 

 1116 
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Table 4-14:  Detailed BOM for BaseCase4 – Part 2 (source: project team with input 1117 
from stakeholders) 1118 

 1119 
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