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Evaluation Concept

A Overall focus on CO, emissions

A KPI-based uni-/bi-variate (compatibility with former projects and ease of results
communication)

A Regression model-based multivariate (in-depth hypothesis testing and evaluation
of best-practice situations)

A Service perspective
A Pilot Site perspective
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Dataset Enrichment

A Obijective: calculating co-
variates / controls

A E.g. mapping GPS position
sequence (trip; blue dotted)
to street graph (OSM; red
solid)

A Extracting features from the
OSM attribution

A E.g. allows identifying
deliveries/pick-ups, when
street cl ass n
road/ del i veryo
speed

A Other matched high
resolution data include
weather, population density,
elevation, etc.

PlelolT]e)

secondary

delivery/
pick-up




Dataset Quality

Overall quality of the raw data is
mixed (PS and Service perspective)

Task required large efforts in finding R |
appropriate measures to ensure high 150000 -
guality results (quality management

exceptionally complex)
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Service Priority and Speed Advice
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Service Priority and Speed Advice

A Local area defined as 200 m corridor leading up to
intersection (primarily affected area of the service;
availability of event triggers)

A This 200m corridor was segmented into smaller
parts (10m each)

Pilot Site #Appr. KPI_01 KPI_02 KPI_16b KPI_17bx
Avg. vehicle speed StDev. Speed (m/s) Avg. fuel consumption Avg. CO2 (9)
(m/s) (local area, 1)

baseline experimental baseline experimental baseline experimental baseline

Bordeaux 314 10.3 9.8* 4.8 3.9* 0.062  0.052 164

Vigo 595 9.3 8.1* 2.1 1.9* 0.050 0.063 132

* significant difference between baseline
and exerimental phase; t-test, where
appropriate, u-test otherwise
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Service Priority and Speed Advice

Effects of the service on speed

Ve

A Moderately lowering speed

Ve

A Smoothing intersection approaches
A Increasing speed under congestion

Model: OLS Adj. R-squared: 0.596
Dependent Variable: speed AIC: 26049.9719
Date: 2017-05-09 14:16 BIC: 26163.8807
No. Observations: 6006 Log-Likelihood: -13008.
Df Model: 16 F-statistic: §54.1
Df Residuals: 5989 Prob (F-statistic): 0.00
R-squared: 0.597 Scale: 4.4666
Coef. Std.Exrr. t P>|t| [0.025 0.975)
Intercept 14.5029 0.4849 29.9117 0.0000 13.5524 15.4534
speed_advice -0.5166 0.1854 -2.7871 0.0053 -0.8800 -0.1533
red light_dummy -1.6396 0.1227 -13.3669 0.0000 -1.8801 -1.3992
distance 0.0059 0.0007 8.1481 0.0000 0.0045 0.0073
acceleration 1.3561 0.4374 3.1000 0.0019 0.4985 2.2136
load_capacity 0.0792 0.0139 5.6997 0.0000 0.0520 0.1064
congestion -11.5937 1.1454 -10.1219 0.0000 -13.8391 -9.3483
central urban -3.5248 0.1623 -21.7177 0.0000 -3.8430 -3.2067
rushhour -0.1524 0.0581 -2.6226 0.0087 -0.2663 -0.0385
daylight -2.5195 0.3845 -6.5524 0.0000 -3.2733 -1.7657
speed_advice:congestion 0.8717 0.4341 2.0079 0.0447 0.0206 1.7227
speed_advice:acceleration -0.7191 0.1964 -3.6620 0.0003 -1.1040 -0.3341
red light_dummy:distance 0.0096 0.0011 8.8469 0.0000 0.0075 0.0117
central urban:congestion 6.3551 0.4144 15.3345 0.0000 5.5427 7.1676
load_capacity:acceleration -0.1090 0.0233 -4.6686 0.0000 -0.1548 -0.0632
load_capacity:congestion -0.2608 0.0373 -6.9834 0.0000 -0.3340 -0.1876
daylight:congestion 4.7789 0.8914 5.3612 0.0000 3.0315 6.5263

Effects of the service on fuel

A Service reduces fuel consumption

A 49g/CO, per intersection approach
(200m corridor; Cl: 7g/919)

A Effect is larger for lower speeds, i.e.
urban conditions

Model: OLS Adj. R-squared: 0.211
Dependent Variable: fuel AIC: -25737.7111
Date: 2017-05-09 11:44 BIC: -25643.9039
No. Observations: 6006 Log-Likelihood: 12883.
Df Model: 13 F-statistic: 124.7
Df Residuals: 5992 Prob (F-statistic): 2.17e-299
R-squared: 0.213 Scale: 0.00080430
Coef. Std.Err. T P>it| [0.025 0.975])
Intercept 0.0021 0.0048 0.4330 0.6650 -0.0073 0.0115
speed_advice -0.0093 0.0041 -2.2862 0.0223 -0.0172 -0.0013
speed 0.0012 0.0004 2.6725 0.0075 0.0003 0.0021
red light_dummy 0.0022 0.0008 2.7857 0.0054 0.0007 0.0038
acceleration 0.0116 0.0049 2.3794 0.0174 0.0021 0.0212
load_capacity 0.0011 0.0001 £.4608 0.0000 0.0008 0.0013
congestion -0.0081 0.0023 -3.4282 0.0006 -0.0127 -0.0034
central urban 0.0651 0.0109 5.9607 0.0000 0.0437 0.0865
rural -0.0079 0.0026 -3.0988 0.0020 -0.0130 -0.0029
speed_advice:speed 0.0014 0.0004 3.3129 0.0009 0.0006 0.0023
speed_advice:acceleration 0.0087 0.0025 3.4033 0.0007 0.0037 0.0137
load_capacity:central urban -0.0042 0.0006 -6.4613 0.0000 -0.0054 -0.0029
speed:acceleration 0.0015 0.0003 4.5112 0.0000 0.0009 0.0022
congestion:acceleration -0.0122 0.0045 -2.6911 0.0071 -0.0210 -0.0033
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Service Eco-Drive Support / CO, Monitoring
(LCMM)

Pilot Site #Trips KP1_01 KP1_04 KP1_07 KPI_16 KP1_17
>=5.0km Avg. vehicle speed Max. acceleration Avg. distance (km) Avg. fuel consumption Avg. CO2 (kg/tonkm)
(WS (m/s?) (I/km)

baseline  experimental  baseline  experimental  baseline  experimental baseline  experimental baseline  experimental

65.3 57.7* 0.29 0.30 0.062  0.069*

* *
Bordeaux 728 649 651 113 083 oo orlo 223 0% 092 D08
Arad T B ,ag 265 1696 022 034 0040 0.046
00 00 i : i :
Bilbao 2 18.0 : : . 42.2 : 0.22 e
* *
Frankfurt 605 104 77+ 187  1ap 2023 1781 025 030+ 0051 0047

55.5 71.2* 0.26 0.32* 0.052 0.047*

33.8 57.7* 0.26 0.24 0.055 0.050
0.15 0.26 0.37 0.32 0.080 0.066

175.1 178.5 0.31 0.31 0.036  0.035

Thessaloniki 161 412 4.46* 0.82 1.08

1 * *
Trieste 1,221 9.69 9.74 1.12 141 400 43.2 0.31 0.33 0.039 0.037
. . " 31.0 27.1 0.25 0.25 0.044 0.045
Vigo 21r8 130 1237 079 074" 553 ggar 025 025 0048 0.044%
* significant difference between baseline upper line: global area

and exerimental phase; t-test, where lower line: local area

appropriate, u-test otherwise
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Service Eco-Drive Support / CO, Monitoring
(example TRIESTE)

Model: OLS Adj. R-squared: 0.204
Dependent Variable: log_lcmm fuel AIC: 314312.0149
Date: 2017-06-07 11:45 BIC: 314747.3168
No. Observations: 520002 Log-Likelihood: =1.5712e+05

Df Model: 38 F-statistic: 3506.

Df Residuals: 519963 Prob (F-statistic): 0.00

_ R-squared: 0.204 Scale: 0.10718
Intercept A 1052334

\ Coef. Std.Err. t P>t [0.025 0.975]
Service LCMM Dummy Intercept -5.2334 0.1934 =-27.0545 0.0000 -5.6125 -4.8543
. . < phase_id -0.1376 0.0323 -4.2679 0.0000 -0.2009 -0.0744
(the mdependent variable — losd_capacity 0.0728 0.0078  9.2969 0.0000 0.0574 0.0881
. . 0 log_speed_gps 0.8660 0.1013 8.5462 0.0000 0.6674 1.0646
of Interest). -13.8% fuel covar_grade_up 0.0332 0.0005 €0.5359 0.0000 0.0321 0.0343
covar_grade_down -0.0097 0.0004 -21.8059 0.0000 -0.0106 -0.0088
covar_acceleration_pos 1.2508 0.0072 173.1704 0.0000 1.2367 1.2650
covar_acceleration_neg -1.8485 0.0076 -243.4857 0.0000 -1.8634 -1.8336
covar_rushhour 0.0048 0.0013 3.6211 0.0003 0.0022 0.0075
covar_daylight 0.0169 0.0017 9.7035 0.0000 0.0135 0.0203
_ 1 1 1 1 covar_congestion 0.0922 0.0098 9.4248 0.0000 0.0730 0.1114
Co-Variates (mdependent’ Sltuatlonal’ covar_urban 0.1156 0.0156 7.4111 0.0000 0.0851 0.1462
variables that also take influence on the osm_motorway 0.0396 0.0031 12.8170 0.0000 0.0335 0.0457
i osm_trunk -0.0735 0.0030 -24.5966 0.0000 -0.0794 -0.0677
fuel Consumpt|0n) osm_primary -0.0209 0.0026 -8.0896 0.0000 -0.0260 -0.0159
osm_secondary -0.0161 0.0033 -4.9441 0.0000 -0.0225 -0.0097
osm_residential 0.0452 0.0091 4.9465 0.0000 0.0273 0.0631
osm_delivery 0.0227 0.0023 9.7217 0.0000 0.0181 0.0273
owm_adverse_weather 0.0170 0.0029 $.7673 0.0000 0.0112 0.0227
owm_pressure 0.0008 0.0000 23.1150 0.0000 0.0007 0.0009
owm_rain 0.0024 0.0007 3.6286 0.0003 0.0011 0.0037
owm_clouds 0.0002 0.0000 9.4227 0.0000 0.0001 0.0002
\ owm_celsius 0.0017 0.0001 17.8072 0.0000 0.0015 0.0019
/‘ phase_id:osm trunk 0.0093 0.0033 2.8569 0.0043 0.0029 0.0157
phase_id:load_capacity 0.0082 0.0013 6.4357 0.0000 0.0057 0.0106
phase_id:log_speed_gps -0.0327 0.0061 -5.3436 0.0000 -0.0447 -0.0207
phase_id:covar_rushhour -0.0077 0.0019 -4.1558 0.0000 -0.0113 -0.0041
log_speed gps:lcad_capacity -0.0217 0.0042 -5.1339 0.0000 -0.0300 -0.0134
Interaction between independent log_speed_gps:covar_urban -0.0870 0.0089 -9.7271 0.0000 -0.1046 -0.0695
} ) covar_congestion:osm motorway -0.1652 0.0129 -12.8323 0.0000 -0.1904 -0.1400
variables (techmcally necessary to .< covar congestion:osm primary 0.0596 0.0108  §.5077 0.0000 0.0384 0.0808
. . . covar_congestion:osm secondary 0.1258 0.0149% 8.4430 0.0000 0.096é 0.1550
handle non linear relatlonshlps and covar_congestion:covar_rushhour -0.0333 0.0080 -4.1806 0.0000 -0.0483 -0.0177
. . . covar_daylight:osm motorway -0.0284 0.0024 -11.7977 0.0000 -0.0331 -0.0237
to derive more information on the owm_adverse_weather:osm motorway -0.0110 0.0022 -4.9156 0.0000 -0.0154 —0.0066
H 1 1 owm_adverse_weather:owm clouds =0.0001 0.0000 -3.9944 0.0001 -0.0002 -0.0001
mdependent variable of mterest) owm_adverse_weather:owm rain 0.3165 0.1429  2.2152 0.0267 0.0365 0.5965
\ owm_adverse_weather:owm celsius -0.0011 0.0002 -5.0062 0.0000 -0.0016 -0.0007
log_time_in_segment 0.6716 0.0153 43.9449 0.0000 0.6417 0.7016




Service Eco-Drive Support / CO, Monitoring
(example TRIESTE)

Effects of the service on fuel Co-Variates:
A 13.8% (Cl: 7.4%-20.0%) reduction A All ri_ght_sig_n and size_(highly plausible
A Effectis larger for lighter vehicles and |nd|c_at|on of emplr.lcal and model )
) _ _ quality), includeé
A Effect fs Igrger during rush hours A éper ton increase of
A Effect is higher for lower speeds 7.3% increase of fuel consumption
A Generalized: effect is higher in A éacceleration increa
constrained situations increases fuel by 125%
A éper percent increas

grade, 3.3 % fuel increase

A épresence of adverse

A Congestion increases fugl especially, i conditions irg:reasef fuel by 1.7% .
when occurring on fAmedjum/ 1 dea speedo

roads, i.e. primary, secondary A éhigh speed roads (n

" . as well as urban roads (residential:
A Adverse weather conditions on (

: 2.3%) increase fuel consumption, while

motorways reduce fuel consumption (e.g. : : _

: : : medium speed inter-urban roads (trunk:
lowering the speed, increasing

- 0 i - 0 .
awareness) 7.4%, primary: -2.1%, secondary:

1.6%) decrease the fuel consumption

Interaction terms
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Service Eco-Drive Support / LCMM
Standing analysis Fraport AG CargoCity South
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Conclusion and Recommendations

A Service Priority and Speed Advice is effectively reducing

CO2 emissions during each intersection approach (pooled
data of Bordeaux and Vigo)

A Service Eco-Drive Support/CO2 Monitoring is effectively
reducing CO2 emissions throughout the trip (example case
of Trieste; global effect may be different A analysis pending)

AData set | acks nhuman factor

A Evaluation: Improve data logging, e.g. improving user
Interface (Goods Tracking will only be evaluated with a work
around that is not based on event triggers)
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