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Background & Motivation

• The range is simple to compute...

• So why all the fuss?

• Certified range 

• Different test cycles on the three major markets (EU/US/China)

• EU/China test cycle has low average speed & low climate loads

• Test ends when vehicle cannot follow the test cycle (not when 0% is shown!)

• “Real world range” is typically significantly lower than certification
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Vehicle Model Actual* Certified
WLTC

𝑨𝒄𝒕𝒖𝒂𝒍

𝑪𝒆𝒓𝒕𝒊𝒇𝒊𝒆𝒅
Configuration

Audi E-tron 331 km 446 km 0.74 AWD

Mercedes EQC 312 km 417 km 0.75 AWD

Jaguar I-Pace 358 km 470 km 0.76 AWD

Tesla Model 3 434 km 560 km 0.78 AWD

Nissan Leaf 334 km 385 km 0.87 FWD

Kia e-Niro 410 km 455 km 0.90 FWD
*Benchmark test in the UK by CarWow
https://www.youtube.com/watch?v=ZH7V2tU3iFc&t=145s

(359 km)

𝑅𝑘𝑚 =
𝜂𝑏𝑎𝑡𝑡 ∙ 𝐸𝑏𝑎𝑡𝑡

𝑤ℎ

𝐶𝑘𝑚
𝑤ℎ

𝐶𝑘𝑚
𝑤ℎ =

𝑃𝑝𝑟𝑜𝑝 + 𝑃𝑎𝑢𝑥 + 𝑃𝑐𝑙𝑖𝑚𝑎𝑡𝑒

3.6 ∙ 𝑣𝑚/𝑠

https://www.youtube.com/watch?v=ZH7V2tU3iFc&t=145s


Background & Motivation

• Batteries are heavy, large and expensive...

• The size of the battery pack will be limited for the foreseeable future

• Range is significantly reduced at cold ambient temperatures

• Higher rolling resistance & air drag 

• Cabin heating costs a lot of energy, i.e., no waste heat from the engine

• A cold battery has reduced performance

• Higher losses and lower power & energy availability 

• Charging performance is significantly reduced 

• Range anxiety

• Fleet data indicates very limited amount of driving below 15% State of Energy

• Reliable range estimation & trip planning functions can help mitigate the effect
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Range in Dashboard
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Range estimate in Dashboard

• Most OEMs display at least one range estimate in the dashboard/instrument cluster/centre stack display 

• Two different approaches are typically used, varies between brand and market

a. “Certified range”

▪ Calculated assuming a constant energy consumption (typical or certified)

▪ Range is a “proxy” for SoE & State of Health (SoH)

▪ Consistent behavior, i.e. fully charged battery will always give the same range 

▪ Will ”always” be wrong, i.e. ∆range ≠ driven distance

b. “Best estimate range” 

▪ Calculated based on historical energy consumption & predicted driving conditions

▪ More difficult to assess battery SoH

▪ Inconsistent behaviour, i.e. fully charged battery might show different range every time

▪ Will on average be correct over the long term, i.e. ∆range ≈ driven distance 
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Best estimate
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• “Certified range” 

• Trivial to compute and implement 

• Main challenge is the variant handling (market, battery, tophat, powertrain,...)

• “Best estimate range”

• Estimate based on historical consumption stored in ECU memory

• Not very difficult to develop an estimate that is correct “on average”

• Challenges are related to user experience 

• Expectation of an immediate range update each time a setting is changed 

• Most combinations of settings & ambient conditions are never excited

• For example: 1,211,392 possible combinations of climate settings in front row alone...

• Challange to combine feedback (historical consumption) with feed-forward of expected 
change in consumption due to change of settings
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Range estimate in Dashboard



Range App in Centre Stack Display
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Range App in Centre Stack Display

• Provides more detailed information regarding range & consumption

• Help the user to understand why the range might be lower than the certification figure

• Released as an app via Over The Air (OTA) update starting week 40 this year

• Estimated range

• High: Low average speed with climate off

• Current: Based on historical consumption, amount of history proportional to SoC  

• Low: Motorway speed with default settings climate at current ambient temperature

• Energy usage

• Speed: Short term average speed 

• Driving style: Standard deviation of the acceleration 

• Climate: Modelled steady state consumption at current ambient temperature

• Consumption

• “Instant” energy consumption 

• Range optimizer

• Activates Eco-climate, which reduces climate consumption 
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Trip Planning in Navigation System
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Trip Planning in Navigation System

• Important that the driver can plan longer trips and make an informed 
decision of where to charge (if needed)

• Integrated with the navigation system

• Different suppliers for different markets (China, South Korea, Google for remaining markets)

• System is based on a common Vehicle Energy Model 

• Volvo and supplier has agreed on a common model (not all suppliers use the same model)

• Volvo is responsible for providing the model parameters

• Navigation supplier is responsible for routing & calculating the energy consumption

• Navigation supplier provides information regarding destination, charging station & route 

• Enabler for additional functionalities

• Battery pre-heating before fast charging station 

• Range coaching, e.g. decrease speed, 
turn off climate to reach destination, ...
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Trip Planning in Navigation System

• To obtain a good overall prediction accuracy the parameters for the vehicle 
energy model should be updated online in each specific vehicle

• Propulsive consumption, climate consumption, vehicle mass, battery energy, ...

• Tires & driving style, climate settings, number of passengers, degradation, ...

• Possible to obtain a decent accuracy with a relatively simple model 
and parameter adaptation algorithms

• Data from vehicle fleet indicates that +/- 10% accuracy is frequent

• Large prediction errors exist due to many different reasons 
(speeding, towing, re-routing, congestions, ...)

• Challenges

• Towing, roof box, over/under-speeding, ...

• Conflicting feed-back loops between vehicle and navigation system
e.g. battery pre-heating could lead to a re-routing  

• Range estimate based on navigation data can lead to changed value due to re-routing or 
changed traffic conditions ahead of vehicle
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Trip Planning in Navigation System
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https://driving.ca/reviews/road-test/long-term-test-update-2021-volvo-xc40-recharge

https://www.theverge.com/2020/12/22/22195499/volvo-xc40

-recharge-ev-suv-first-drive-specs-price

http://www.gronabilister.se/tester/bilar/2021/volvo-xc40-recharge

https://www.autoexpress.co.uk/volvo/xc40/353320/new-volvo-xc40-p8-recharge-2020-review

https://driving.ca/reviews/road-test/long-term-test-update-2021-volvo-xc40-recharge
https://www.theverge.com/2020/12/22/22195499/volvo-xc40-recharge-ev-suv-first-drive-specs-price
http://www.gronabilister.se/tester/bilar/2021/volvo-xc40-recharge
https://www.autoexpress.co.uk/volvo/xc40/353320/new-volvo-xc40-p8-recharge-2020-review


Conclusion & Outlook

• The focus on certified range results in unrealistic customer expectations 

• Might indicate how many times it is possible to drive a sub-urban commute at 20⁰C...

• Does not indicate how far it is possible to drive at highway speeds, regardless of season!

• Not trivial to provide clear and unambiguous information

• Range in dashboard will typically not be consistent with predicted SoE at destination in navigation system

• Turning off climate gives limited range gain at highway speeds, but can be significant at low speeds

• There are many different opinions regarding range...

• Best estimate or certified?

• Should changed settings immediately affect the range?

• Should best estimate range be used for coaching or for planning?

• Should the user be allowed to select which range figure to show?
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