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Abstract Following the signing of the Paris Agreement on Climate Change (UNFCCC, 2015), the world is
expanding greenhouse gas reduction activities through comprehensive participation that includes not only
developed countries but also developing countries. Major countries around the world are placing high
expectations on the effectiveness of total carbon emissions regulation through the carbon emissions market.
However, in order to obtain carbon credits, third-party verification is required based on quantitative carbon
reduction data. Accordingly, in this paper, we developed an AloT high-efficiency street light for carbon
emissions and conducted a performance analysis study to measure the luminous efficiency of the lighting
fixture. To obtain carbon emissions rights, we used high-efficiency LED PKG, developed our own high-voltage
PFC, and developed high-efficiency lighting fixtures capable of communication. For communication, the
2.4GHz LoRa method was adopted between the lighting fixture and the gateway. Lens design was conducted
through simulation of Korea Expressway Corporation's standard streetlight types A, B, and C. The
performance of the streetlight was verified as being more efficient than other existing products through the
measurement of luminous efficiency by an accredited rating agency, and it is expected that carbon emissions
rights will be obtained by reducing electrical energy through this.
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Table 1. Carbon emissions market size and outlook

Global (Million $) Korea (Million $)

19 21,150 326

‘20 36,957 470

21 48,302 615

‘22 63,131 803

‘23 82,512 1,050

‘24 107,843 1,372

‘25 140,951 1,79
CAGR 30.7% 30.7%
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Fig. 2. n—filter circuit diagram[9]
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Table 2. LED Charateristics, I =60mA, T; =25C

Parameter Symbol Value Unit
rameter i
Min, Typ. Max.
Forward Voltage 2 150 165 180 \%
Luminous Flux
(5000K) ) 200
; v im
Luminous Flux _ 195 _
(3000K)
Correlated Color T 2700 _ 7,000 K
Temperature
CRI Ra 70 - 80 -
Viewing Angle 201/2 - 120 - deg.
Thermal resistance (J B B
©9) RO, 18 K/'W
ESD Sensitivity(HBM) - Class2 JESD22-A114E

2.1.3 Lens A7
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Fig. 3. Lens design data
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Fig. 4. Korea domestic standard specifications
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Fig. 5. Overseas standard specifications

Table 3. Korea domestic standard specifications

Type "A" Type "B Type 'C
Concrete Concrete Concrete
Applicable road one-lane (one 4 lanes 8 lanes
way) (round trip) (round trip)
Road width 81m 234m 37.8m
Roadway width 36m 14.4m 288m
100w 150w
Rated power <100 W
P <10W | <250W
Installation interval 35m (one side) Sm (face to | 66m face to
face) face)
Light pole height 10m 12m 12m
Arm length / overhang 20m [ 15m | 28m [ 2.3m | 2.8m | 2.3m
Incline angle 10° 12° 12
Pay rate 084 084 084
Average road surface
f;ghmess >1cd/mi | 2 cd/mi | > 1cd/mi
Comprehensive bacteria > 04 > 04 > 04
system
Suboptimal sterilization > 06 > 06 > 06
system
Threshold Increment (T1) < 15% < 15% < 15%
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Table 4. Overseas standard specifications

Min-Min Min-Max Max—Min Max-Max
Applicable road Concrete 2 lanes Concrete 4 lanes Concrete 3~4 lanes (round Concrete 6 .Ianes
(one way) (one way) trip) (round trip)
Installation interval 36”7 36”7 9om 9om
(one side) (one side) (face to face) (face to face)
TRL Min. 8m (2.256MH) Max. 45m (3.756MH)
LRL Min. 8m (1MH) Meax. 14m (1.75MH) Min. 12m (1MH) Max. 21m (1.76MH)
Average road surface brightness > 2cd/n? > 2¢d/mi? > 1ed/m? > 05¢cd/nt
Comprehensive bacteria system > 04 > 04 > 04 > 035
Suboptimal sterilization system =07 =07 > 06 > 04
Threshold Increment (T1) < 10% < 10% < 15% < 15%
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Fig. 5. LoRa PHY and MAC protocol stack[13]
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Fig. 7. Street light control module diagram
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Fig. 9. PFC efficiency analysis results
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Table 5. Domestic conditions simulation results

Type "A" Type "B Type 'C
Average road surface
greightness 285¢d/n | 2.39cd/wi’ | 139cd/ni’
Comprehensive bacteria 089 074 076
system
Suboptimal sterilization 084 077 068
system
Threshold Increment (T1) 1% 12% 13.5%

Table 6. Overseas conditions simulation results

Min—Min Min-Max Max-Min Max-Max
Average road surface 9 9 2 2
brightness 6.58cd/m’” | 5.29cd/m’ | 1.75¢d/ i’ | 1.42¢d/ mi
Comprehensive 084 067 074 054
bacteria system
Suboptlr;itztr:nhzatlon 080 075 069 052
Threshol(?T :)ncrement 7% 7% 1% 13%
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Fig. 11. Measurement samples and measuring equipment

Table 7. Light efficiency measurement conditions

Measuring conditions

Measuring angle(®) 345°/15°

Measuring angle(6) 180°/5°

Test after 30 minutes of continuous

Light source stabilization conditions .
lighting

input voltage AC 200V / 60Hz

Light distribution type C type
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Fig. 12. Measurement samples and measuring equipment

Table 8. Light efficiency measurement results

Test ltems Test Results
Electric light beam ({72) 24,293
Power ( W) 135.9
Light efficiency ({m/ W) 1787
Light distribution Fig. 12
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