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ESMARP: Supporting Efforts to
Maximize Fuel Economy

L\ !\?/! IIP\\[D

Erergy Sector Managemsanl Assislance Program

What is ESMAP?

 Energy Sector Management Assistance Program
* Technical assistance trust fund
 Administered by the World Bank

Mission

* Increase know how and technical capacity to achieve
environmentally sustainable energy solutions for
poverty reduction and economic growth
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Why Focus on Bus Fuel Efficierlcy’?

Q.o
S

Fuel Is the largest cost item

* Typically 35-45% of operating and
maintenance cost

« Cost changes can dramatically affect
budgets

The World Bank 3 ES}v/LAuD



APSRTC Approach

Targeting Targeting
of poor- of poor- Employee
performing performing recognition
buses drivers

Financial
incentives

De(;l![(;%ted 1 trainer, 1 mechanic, 1 helper per depot

The World Bank 4 ESM



APSRTC Results

80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14
81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15

26% 21% reduction
Improvement FY 2015
(4.09 to 5.16) consumption

9% savings in FY
2015 total costs




ESMAP 2011 Guidance Note
i

GUIDANCE NOTE 8 cities in Brazil, China, India, US

Best Operational and Maintenance '

Practices for City Bus Fleets to
Performed literature review

Maximize Fuel Economy

Developed action plan for improving fuel
economy

Field tested action plan

of the New Century APSRTC (Hyderabad, Vijayawada) KSRTC (Mysore)

Helping Cities Meet Their Energy Challenges

Report can be downloaded at: http://documents.worldbank.org/curated/en/2011/01/16259489/best-
operational-maintenance-practices-city-bus-fleets-maximize-fuel-economy-energy-efficient-cities-initiative
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16-Point Action Plan
Based on Five Principles

TABLE 1 | Summary of Actlons for Instituting Transit Bus Maintenance Practices for
Fuel Economy

I. Management Commitment 1. Appoint a senior executive to be in charge of fleet fuel
and Ownership economy and tie some part of his/her bonus to meeting
fuel economy goals

MANAG E M E N I 2. Benchmark and set appropriate fuel economy goals by
bus type for each year.
3. Communicate the fuel economy results achieved each
year to both employees and the public.
Il. Data Collection and Analysis 4. Automate data collection to the extent feasible and use
analysis software to support maintenance.
g

Set up data QA/QC procedures.
6. Analyze the data for separating the effects of driver, route
and bus related effects on fuel economy

7. Use data to refine periodic maintenance.

lll. Maintenance of Low Fuel BA. Select 10 percent? of the fleet showing the lowest fuel
Efficient Buses economy and conduct simple checks at depot

TECH N ICAL 88 iaer;dgit detailed checks at central facility if bus passes

8C. Compare pre-repair and post-repair fuel economy data on
these buses to estimate program benefits
9. Check repair quality on a random and periodic basis.
10. Obtain mechanic sign-off on repairs for traceability.
1. Require independent team audit of repairs across depots.

12. Retrain mechanics and update repair procedures

periodically.
IV. Training of Low-Performing 13. Train drivers in fuel-efficient driving techniques and
Drivers periodically retrain them.

14. Select the 10 percent® of drivers with the lowest fue
efficiency and conduct special additional training.

V. Employee Communications 15. Publicly display the fuel economy performance by driver
and Rewards and bus depot to employees

MANAG E M E NT 16. Reward mechanics at the depot level and drivers

individually for exceeding targets.

The World Bank




Principles are Combination of
Technical & Management Actions

~

* |I. Data Collection and Analysis

* llIl. Maintenance Low Fuel Efficient Buses

 IV. Training of Low-Performing Drivers y
~

* V. Employee Communications and
YEUECEuad Rewards

* |. Management Commitment & Ownership

The World Bank 8



Focus of World Bank
Pilots

Apply technical ESMAP elements

« Data collection
« Targeting analysis
 Maintenance and driver training protocols

Prepare “How-To” detailed guidance

« ESMAP work good in overall approach, limited in step-by-step
procedures

The World Bank 9 ESI\v uAuD



Technical Approach

Target Low Performers

5% drivers with lowest 10% buses with lowest
relative fuel economy relative fuel economy

Apply Protocols

Local personnel
apply approach
with support from
Consultant

Classroom, on- Tier 1 and 2 bus
road driver maintenance
training protocols

The World Bank
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@@% Targeting Approach

» Route operated

* Number stops/KM
Ad d eSS  Traffic congestion

External « Terrain (hilly/flat)
Factors * Bus type

* Engine horsepower

NI [ [ M\ Q\Y/I=d Ml - Transmission type,

* Physical size

Rank bUSGS, « Compare individual bus
drivers using (driver) KMPL to average

. KMPL for its route/bus type
relative KMPL average

The World Bank



Example
Bus Targeting Calculation

The World Bank

(Step 2) (Step 3)
(Step 1) Route/Bus Relative Fuel
Bus Average Type Average Economy Rank (1=
Bus Route | Type KM Liters KMPL (KMPL) (KMPL) Lowest)
101 12 1 4,435 1,341 3.31 3.45 -0.14 3
102 12 1 4,689 1,256 3.73 3.45 0.28 9
103 12 1 4,325 1,299 3.33 3.45 -0.12 4
Average | 12 1 [ 13449] 3,896 345
104 12 2 4,897 1,404 3.49 3.22 0.26 8
105 12 2 4,478 1,501 2.98 3.22 -0.24 2
106 12 2 4,690 1,459 3.21 3.22 -0.01 )
Average | 12 2 [ 14065 4,364 322 T
107 14 1 4,890 1,267 3.86 3.62 0.24 7
108 14 1 4,550 1,356 3.36 3.62 -0.27 1
109 14 1 4,724 1,289 3.66 3.62 0.04 6
Average | 14 1 [ 14164 3912 e 9099990000 |
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Example
Driver Targeting Calculation

The World Bank

(Step 2) (Step 3)
(Step 1) Route/Bus Relative Fuel
Bus Average Type Average Economy Rank (1=
Driver Route | Type KM Liters KMPL (KMPL) (KMPL) Lowest)
512 12 1 4 456 1,234 3.61 3.45 0.16 6
514 12 1 4,678 1,256 3.72 3.45 0.27 8
583 12 1 4315 1,406 3.07 3.45 -0.38 1
Average | 12 | 1 [ 13449] 3896] 345 [N
511 12 2 4 987 1,432 3.48 3.22 0.26 7
521 12 2 4,439 1,489 3.01 3.22 -0.21 3
586 12 2 4,589 1,443 3.18 3.22 -0.04 4
Average | 12 | 2 [ 14065] 4364] 322 NN
506 14 1 4,980 1,276 3.90 3.62 0.28 9
567 14 1 4,540 1,245 3.65 3.62 0.03 5
569 14 1 4,644 1,391 3.34 3.62 -0.28 2
Average | 12 1 14,164 3,912 e 399900




FEAT Tool Developed for Analysis

Fuel Efficiency Analysis Tool - MIRA-BHAYANDAR

This tool requires the folder C:\BusFuelData be created. It imports data from

£ C Iea ns ” i n p ut d ata the following Excel file which must be located in C:\BusFuelData

FuelConsumption.xlsx Daily data on fuel consumption by bus and driver
The following Information is included in the program:
11 bR
* Checks for “bad” data 1- Listing of Routes
1 2- Route G ingif N
« Groups or splits data as needed oute Grouping if Necessary

3- Route Splitting if Necessary
4- Bus Inventory

This information can be changed using the buttons below.

Cal C u I at eS rel at i V e/ The tool analyzes the data from these files and exports an excel file of the analysis to
. . C:\BusFuelData. The user must provide a name for the Excel output file.
absolute fuel efficiency

Instructions

1. Enter a file name for the Excel output file

* Drivers, buses, routes 2. Click on Conduct Analysis

Enter a file name for the Excel output file

[ Conduct Analysis

Simple program

Routes, Grouping or
Splitting

» Uses Excel data input
- Now a desktop program -

The World Bank




First India Pilot (2013-14)

« Demonstrate at one depot in 4 cities
— Different operating environments

CHANDIGARH JAIPUR

The World Bank



Operational & Maintenance
Approach - 2016

Interacted with Bus Operators
Approach for

Improving Fuel Economy Identified existing practices
in City Bus Transport

Supplementary Guidance Note

Developed action plan for applying
ESMAP Principles

Developed FEAT for effective
implementation of the ESMAP Pilot

Field tested action plan

Bhopal, Chandigarh, Jaipur, Mira-Bhayander

THE WORLD BANK CCQhNAD
IBRD I._N\Jl““ ‘!_

DA | WORLD BANK GROUP

The World Bank




Follow-up Monitoring

On Route Driver Performance Monitoring - CHECKLIST

Driver Name:

KMPL of Driver during previous month (R 78 & 2R aras A kmpL)

Driver ID No.
Route Number:

Bus Number:

Date:

(for eg. Since monitoring will be done in January 2014, KMPL of driver to be put December 2013. (3GTgI0T & fIT: MONITORING SieTa{Y 2014 3 Hﬁ'ﬂ, A g Y RHT 2013 FY KMPLFT Ioar@ )

| seseon || weed [ weaz [ wews ]
[ ves@/nowd | [ ves@h/no@d | [ veswh/nowdh |
BUS STARTING PROCESS
,  Did thedriver check BEFORE STARTING THE IGNITION whether the pressure in both the "AIR METERS" are correct? ves (@ No @Eh | | ves s No @t | | ves s No (Eh
ST Y T A TEe T e o Al TR e # g T & A A€ IR A A2 es (€1 of es (€1) ol es (&0 of
Did the driver keep the FEET ON THE FOOT REST NEAR ACCELERATOR ? R . .
| 2 7o ACCELERATOR 3 9Rd footrest O 8 T 4T 2 | | Yes (81 | | No () | | Yes (81) | | No (77e) | | Yes (&) | | No () |
Did the driver start the bus in "IDLING" condition without pressing the accelerator ? . . .
3 Yes No Yes No Yes No
| AT TRHTCIex GaTet & ol IDLING CONDITION 3 3% 9% 3 feam? | | (m | | (ﬁ'lﬁ?| | @ | | (ﬂff)| | @ | | (H'lﬁ')|
of GEAR AND ACCELERATOR usage:
Did the driver set the bus in motion using FIRST GEAR WITHOUT ACCELERATOR ? . . .
4 . Yes No Yes No Yes No
| T AF A AT ACCELERATOR & Tg ol 1 7 & &1 a1fay A I T2 | | 62 | | (ﬁ'lﬁ’)| | 54 | | (H'(ﬁ)| | 6] | | (ﬂ'lﬁ')|
Did the driver use SECOND GEAR for driving upto a speed of 20kmph and keep the ACCELERATOR at 1/4th position? B B 3
5 " Yes (@) | [ No@@h | | ves(@) | | No @) | | Yes(@ | | No (e
| AT 3T3a o 20kmph T IFAR T grsfaer & v gui R 1 39T famar 3k v ufd o ACCELERATOR T@r am 2
Did the driver use THIRD GEAR for driving upto a speed of 30kmph and keep the ACCELERATOR at 1/2 position? . . .
6 Yes No Yes No Yes No
| T 5] A 30kmph T IFAR e 15T & e fwx Fraw &1 392 3 31k 1% B3y W ACCELERATOR 3T 21 ? Gy (e = e G20 i
Did the driver use FOURTH GEAR for driving upto a speed of 40kmph and keep the ACCELERATOR at 3/4 position? B 3 3
7 " Yes(g) | [ No@@h | | ves(@D | | No @) | | Yes(@ | | No (e
| AT 3T3aR A 40kmph & IFAR e grsfaar & forw =t R &1 3wier fFar 31k 3 fFafa . ACCELERATOR I@r a1 ?
Did the driver use FIFTH GEAR for driving at TOP SPEED and keep the ACCELERATOR in FULL position? . . .
s Yes (31) No (1) Yes (&) No (781 Yes (&) No (7€)
| T IIEAR A TOP SPEED W giefdar & farw aiad fieR st 392ter fham 33 ACCELERATOR 3T 937 &l JgT 217
o Depending upon road or traffic condition, did the driver use the POWERPOINT POSITION on the ACCELERATOR when driving at maximurm speed? __— N _— R s No )
. es o (7Eh) es o es o
TS AT AT HT AT R IR, F47 31507 o7 3iThd 1T F M) Tel TeRioex W IraRaige ufd 1 3uier & ar?
Did the driver use his / her TOES for PRESSING THE ACCELERATOR ? . . .
10 . . Yes (&) No (7€l Yes (&0) No (7€) Yes (&1) No (7€l
| AT 313 o ACCELERATOR &alel & foiw 8 &t Sarforat st suwater fmar | | | |
Did the driver REMOVE THE FEET FROM THE ACCELERATOR 100 meters BEFORE the stoppage point such as bus stops, traffic signals etc. and for slowing
1y down atspeed breakers and turnings ? T N - s | wsw BES)
AT T3 ¥ STOPPAGE POINT, 31 & ¥, SIGNAL SeTdY, & 100 Hex Tger o a1fal- ereh 31eraT A3 o0 e 2B a7fey oY et et 3 o s o (¢ s ° es °
ACCELERATOR ¥ R g€ 2
Did the driver DRIVE WITHOUT PRESSURE AND WITH CONCENTRATION ? . . .
12 Yes(g) | [ No@@h | | ves(@) | | No @ | | Yes(@ | | No(wEh
| SaTd % T 3R ThTaI o H1Y SIgeR A g1gd R A2 | | | |
KMPL Achieved (KMPL g1frer #): -{ ] | | [ |
1 C of Trainer (31X Y TR Rcaforai):
ig of Trainer: of Driver:
Name of the Trainer: Name of the Driver:

 Weekly checks made for 3 weeks after training

The World Bank
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Sec d India Pllot (2016) |

Chennai

Demonstrate at one depot in each city

« A different depot in Jaipur from first pilot

New supporting partners

e Chennai: Petroleum Conservation Research
Association (PCRA)

« Jaipur: Safety Circle Private Limited (SCPL)

The World Bank
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\% Driver Pilot Results

Average results varied

« About 5%
* Low -2.0% to high 25%

Maximum results >10%

* Low 4%, high 71%
« Shows potential gains

The World Bank




Bus Pilot Results

Average results varied

« About 10%
 Low -2.8% to high 30%

Maximum results >10%

* Low 10%, high 64%
« Shows potential gains

Improvement declined by round

« Expected when going from lowest to better performing buses

The World Bank




\% Why Varied Results?

Changing behavior takes time!

“Learning curve” for trainers

Varied follow-up monitoring

The World Bank



Data Management

Data Data Data

Recording Validation Analysis

Good
* Fueling data « Data error-checking
routinely recorded - Not part of old routine
in all cities in both * Limited analysis
pilots performed

* “Query” data,

* Perform special
analyses

The World Bank




Conclusions & Actions

ESMAP Pilot - Good approach

Could be applied by all bus
companies

Pilot expansion under ESCBS

The World Bank



Thank You!

ESMAP Pilot Team

Nupur Gupta, Brian McCollom,
Sudhakararao Uppada, Mohammed Haneef,
N. S. Srinivas
The World Bank Group
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