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ABSTRACT KEYWORD

Purpose: This study aims to quantitatively analyze the Energy Performance Gap between standardized elevator ~ Z2|H{|O]&]
energy calculation methods, such as VDI 4707-1, and actual measured values, and to identify the key factors gillljél ﬁil g
causing this difference. Standardized methods have limitations in accurately reflecting the unique, dynamic ==~ =
operational conditions of actual buildings, which can lead to significant discrepancies. Method: Theoretical energy  Elevator
consumption was calculated for four office buildings of varying heights (low-rise to super-tall) based on the VDI ~ Energy Consumption
4707-1 standard. These results were then compared with measured, real-world consumption data from prior ~ Sensitivity Analysis
research. A model calibration was performed by adjusting VDI parameters to match actual building conditions, and
a sensitivity analysis was conducted to identify the impact of key variables on total energy consumption. Result:
The analysis revealed that the standard VDI calculation can overestimate actual energy consumption by morethan A CCEPTANCE INFO
17 times, but this prediction error can be significantly reduced through model calibration. Furthermore, the  Received Jun. 25, 2025
sensitivity analysis confirmed that as building height increases, the influence of ‘travel energy factors’ becomes  Final revision received Jul. 22, 2025
overwhelmingly greater than that of ‘standby energy factors’. This suggests that a one-size-fits-all approach js  /ccepted Jul. 28,2025
inadequate for elevator energy assessment, and the process of calibrating standard models with site-specific data
can significantly contribute to establishing effective, building-specific energy-saving strategies.
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Table 1. Building information and corresponding elevator system

Low-rise | Mid-rise | Highrise | Supertall

Category| P eter (case 1) (case 2) (case 3) (case 4)

Hana Fast Busan
Building Shinhan Financial Int’l
Central .
name Bank Investment Tower Finance
HQ W Center
Busan, Seoul, Seoul, Busan,
Building | Location South South South South
info Korea Korea Korea Korea
Height (m) 43 111 150 289
Floors
(aboverbelow) 9/2 23/5 36/6 63/3
Gross Floor
5 9,301 69,826 100,422 197,869
Area (m")
Manufacturer Hyundai Hyundai Hyundai Hyundai
elevator elevator elevator elevator
Model WBLX1
vame (5 WBLXGT2 | oo | WBHSI SUVF
Elevator Nurr%ber of ) 3 1 19
system lifts
Rated load |1\ 50| 75011600 | 1350 | 1600/1800
(kg)
Rated speed 6.0/8.0/
1.75 1.50/4.00 4
(m/s) 9.0
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Table 2. Detailed baseline scenario parameters for case study _‘3
> 104 o 240,000
Category | Parameter Case 1 Case 2 Case 3 Case 4 = ]
VDI 4707 )
usage Cat:gory Catesgory Catesgory Catesgory ° Low-rise Office Mid-rise Office High-rise Office  Super High-rise Office °
category 200,000 - . 2.00
Average Dlsvtance per lift v
travel 24 46 75 9 A Daily total energy demand per distance 165,600
. 160,000 1.60
distance (m) _
Annual f
3 = 120,000 1.20
Operational operating 365 365 365 365 3
file days g 86,400 A
pro VDI 4707 é 80,000 cika A 0.80
efficiency A A A A a
class 40,000 37,800 0.40
Standby 50 50 50 50 s
power (W) o 000
Speciﬁc Low-rise Office Mid-rise Office High-rise Office  Super High-rise Office
travel power 0.56 0.56 0.56 0.56
(mWh) Fig. 1. Energy demand and travel distance by building type
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Table 3. Comparison of annual energy consumption

Catego VDI calculation | Measured data Building
gory (KWh/a) (KWh/a) information
. Low-rise Office
Low-rise 5,264 6,423 (LO)
A High-rise Office
Mid-rise 239,269 13,618 (HO)
High-rise
High-rise 265,867 14,485 Residential
(HA)
Super-tall 1,062,319 - -

Table 4. Details of key parameter adjustments for VDI model calibration

Parameter Va's'::n:i“mﬂvm Value in calibrated
calculation model
Number of elevators 10 units 8 units
Rated speed 2.5m/s 1.6m/s
Rated load 1500kg 900kg
Occupancy rate during 100% 70%
travel
Usage intensity 5 4
Annual operating days 365 days 250 days

Table 5. Result of calibrated VDI calculation

Analysis scenario Annual energy consumption (kWh/a)

VDI standard calculation 239,269
Calibrated VDI calculation 18,835
Measured data 13,618
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Table 6. Parameters and variation ranges for sensitivity analysis

Category Analysis parameter Variation range

Standby demand Baseline £10%,
(W/lift) +20%
Baseline +10%,

Standb, 1 -
ancby parameters Time of standby

(h/day) +20%
Average distance/trip Baseline +10%,
(m) +20%
Specific travel Baseline £10%,
demand (Wh/m) +20%
Travel parameters -
U intensity Baseline +10%,
sage intensi
g +20%
Baseline £10%
Time of usage (m/s ?
ge (m's) +20%
6,800 (a)-Low-rise
5,100 Rl
3,400 LR T
1,700
0 auta
— 350,000 (b)-Mid-rise
=
s 262500
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£
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-— o]
H 0 - BEE
£ 1400000
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Case N7 qTTq
Standby Time of Average
Demand Standby Distance/

Trip

l E=3Annual energy demand (kWh/a) —e—Rate of change from base case (%)

Fig. 3. Sensitivity analysis by building type
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Fig. 4. Key drivers of lift energy consumption by building type
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