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We are a world-leading provider of 
engineering, consultancy and test 
services in the automotive sector. 
We provide innovative solutions to 
complex challenges using the latest 
facilities and simulation tools to 
improve lives by making journeys 
safer, cleaner and smarter.  

We have specialist on-site facilities 
for electric vehicles and battery 
systems, including the Advanced 

About HORIBA MIRA

Battery Development Suite (ABDS), 
which enables companies to perform 
development testing on full battery 
packs and battery components – both 
physically and in simulation. Our 
additional battery facilities are then 
able to focus on the final validation and 
certification of these packs. 

Part of the work being undertaken within 
the ABDS includes the exploration of the 
role of thermal efficiency in EV batteries.  

In this report we present the impact 
of thermal systems on the range of 
EVs, the flaws with current testing 
parameters and the correlation 
between manufacturers’ data and 
real-world results. We also discuss 
how investing in rigorous development, 
testing and evaluation in thermal 
efficiency can lead to an increase in 
the volume of consumers willing to 
make the transition to EVs.
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1. Executive Summary 

Greenhouse gas (GHG) emissions 
from transportation account for over 
28 percent of total US greenhouse gas 
emissions, making it the largest emitting 
sector domestically1.  With over 253 
million cars and trucks licensed for 
use on the US roads2, there has never 
been a more urgent need to tackle the 
escalating climate catastrophe.

US state and federal institutions, in 
particular the California Air Resources 
Board³, have ambitious plans to ensure 
widespread adoption of zero-emission 
vehicles by 2050 and to make the US 
a world-leader in electric vehicle (EV) 
and battery technology. The challenge 
facing the auto industry is to continue 
to make gains in performance of their 
EV products while at the same time 
increasing production volume.

Progress towards this is already being 
achieved by the falling costs of low 
carbon technologies – including the 
cost of battery packs – making the 
purchase of electric vehicles much more 
achievable for the general consumer.  
In spite of this, barriers to EV adoption 
in the US are very real, with challenges 
of consumer perception a major issue in 
making the transition to EVs. So-called 
‘range anxiety’ – the fear that an EV has 
insufficient range to reach its destination 
– remains one of the biggest causes for 
concern. This is especially true when 
considering the real-world conditions 
(rather than those seen in the legislative 
tests) where ambient temperatures 
significantly reduce the EV range due 
to the increased heating / cooling 
requirements.

Huge investments are being made 
across the industry to develop more 
energy dense and lower cost battery 
technologies. However, significant 
improvements can be made by 
increasing the energy efficiency of 
the vehicle without the need for major 
advancements in new technology. 

This paper explains how thermal 
efficiency has been recognized as the 
key contributor to increasing energy 
efficiency and how HORIBA MIRA 
develops thermally efficient vehicle 
systems through sophisticated virtual 
simulation techniques; correlated to 
real-world conditions using physical 
test facilities, and consequently improve 
range prediction thereby reducing the 
concern of range anxiety. 

1. Cost Perception 

EVs are often considered to be priced 
at a premium. A variety of models by 
mainstream manufacturers are available 
on the market and qualify for a federal 
tax credit of $7,500 for consumers 
buying an EV.  

Barriers to Adoption 

2. Charging Infrastructure

As EV sales increase, the requirement 
for improved EV charging is clear. 
Not only for charging mechanisms to 
physically be in place at the supermarket 
or service station, but also the speed 
at which they charge and the ability to 
conveniently reserve a charging space. 

3. Driver Understanding 

A lack of clear understanding of costs, 
infrastructure and range needs to be 
addressed to accelerate EV adoption.

4. Range Anxiety

The fear that an EV has insufficient 
range to reach its destination. 

To realistically overcome ‘range-anxiety’, 
it’s time for the industry to recognize 
that the current method of establishing 
range, in relation to thermal efficiency,  
is not a true reflection of real-world 
driving conditions and, as a result,  
may be contributing to the lack  
of consumer confidence in EVs.

1. U.S. EPA, https://www.epa.gov/transportation-air-pollution-and-climate-change/carbon-pollution-transportation

2. Registration data per IHS Markit 3. https://ww3.arb.ca.gov/cc/scopingplan/scopingplan.htm
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2. State Of Play 

There is no denying that EVs are 
changing the face of the global 
automotive sector. In 2018, the 
volume of electric cars globally 
exceeded 5.1 million4; an increase of 
two million from the previous year, 
almost doubling the number of new 
electric car sales. 

Despite the statistical rise in EV sales, 
the barriers for EV adoption are a long 
way from being broken; US sales of 
EVs reached a record 361,000 in 2018, 
although that accounted for just over 
2% of total passenger car sales5.

The barriers to adoption preventing 
widespread adoption include:

 Perception that EVs are priced 
at a premium when compared to 
traditionally fueled vehicles

 Insufficient charging infrastructure

 Lack of consumer understanding 
surrounding electricity as a ‘fuel 
source’

 Range Anxiety - where the vehicle 
does not travel the distance expected

Tackling Range Anxiety 

Range anxiety is recognized as one 
of the most significant barriers to 
EV adoption within the US. Without 
guarantee that EVs can be easily 
charged – either at home, at work, 
or during a long journey – the risk of 
running out of range before reaching 
a destination is a major concern for 
potential buyers. A main influence 
in this anxiety is the fact that real-
world EV range generally does not 
correspond with published figures from 
the manufacturer. 

Currently, global EV manufacturers are 
required to validate their vehicles at an 
ambient temperature of 23°C without 
the use of the A/C system. Therefore, 
when in real-world conditions, a lower 
or higher ambient temperature requires 
either the A/C heating or cooling 
to be active as well as additional 
accessories (such as sidelights and 
heated seats). All together depleting the 
available energy faster than expected 
and reducing the predicted range 
significantly. 

HORIBA MIRA expect to see changes 
in legislation reflect this in the coming 
years. These changes will most likely 
push the industry to publish range data 
at a number of conditions (i.e. +40°C, 
23°C, and -17°C) to help consumers 
understand the impact temperature has 
on their journey. Therefore, the advice 

to vehicle manufacturers (OEMs) and 
the wider industry is; rather than waiting 
for legislation to catch up with changing 
technology, taking the initiative now to 
improve energy efficiency at hot/cold 
conditions will not only help to get ahead 
of the rising compliance hurdles, but 
also provide a competitive advantage 
in terms of customer confidence in EV 
range and the OEM’s brand.

At HORIBA MIRA, specialist engineers 
have identified the impact of the 
thermal system as being one of the key 
focus points for the future. Quantifying 
the impact of the thermal systems on 
EV range allows the team to explore 
how energy from the battery system 
can be saved or reutilized across 
real-world temperature ranges of the 
vehicle. Equally, the efficiency of the 
entire vehicle as a ‘sum of all parts’ has 
a major impact on range - something 
that HORIBA MIRA’s engineers test 
both physically and in the virtual 
world. When it comes to the simulation 
techniques, HORIBA MIRA has created 
accurate and correlated thermal 
simulation platforms which include 
all the areas of the vehicle (cabin, 
battery, power electronics) that require 
or generate heat. These simulations 
are then used to assess and help 
implement the benefits of thermal 
systems engineering to optimise the 
system and improve EV range in real-
world conditions. 

4. https://www.nextgreencar.com/electric-cars/statistics

5. https://www.anl.gov/es/light-duty-electric-drive-vehicles-monthly-sales-updates
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The next few years are likely to see the 
tipping point in the mainstream adoption 
of EVs. The International Council On 
Clean Transportation estimates that 
most EVs will reach cost parity with 
traditional IC engine vehicle in the next 
decade6, strengthening the case for 
consumers to buy into electric motoring.

This will be further aided by major 
developments in the next generation of 
EVs, which are likely to include advances 
in battery management systems leading to 
better battery life, improvements in energy 
density of the battery cell, higher charge/
discharge rates and advanced thermal 
management techniques.

The energy efficiency (the number of 
miles/kilometres per kWh of energy 
in  the battery) is a measure of potential 
optimization. In a recent study, HORIBA 
MIRA demonstrated that more than 20% 
of the energy from the battery can be 
saved by improving the energy efficiency 
of the whole vehicle (thus resulting in more 
than 20% additional range when put to 
test in the real world). By modelling the 
total vehicle energy usage in a range of 
conditions, HORIBA MIRA is able to target 
areas where the greatest energy can be 
saved. In the example above this included 
torque management, brake regeneration, 
battery system efficiency, as well as 
optimizing the thermal system and control 
strategies.

6. https://theicct.org/sites/default/files/publications/EV_cost_2020_2030_20190401.pdf 

3. Energy Efficiency
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4. Thermal Efficiency  
to Reduce Range Anxiety 

Using the thermal system to cool 
the battery, motors, electronics and 
passengers, requires the traditional 
thermal architectures and layouts 
to change. For example; heat pump 
systems are being commonly used to 
improve the thermal performance in 
cold conditions although the largest 
benefit arrives from successfully 
implementing and controlling the 
system in the most efficient way. 
Something that HORIBA MIRA has 
assisted its clients with over the years.

It is worth noting that the industry 
is also transitioning towards 
more accurate human comfort 
measurements rather than the current 
cabin temperature targets. Traditionally 
the climate control logic for an air 
conditioning system set to ‘AUTO’ is 
calibrated to warm or cool the cabin to 
the required temperature as quickly as 
possible. Temperature measurements 
in various locations around the cabin 
(such as the roof lining and dashboard) 

validate this performance but do not 
necessarily keep the passengers 
comfortable. Instead, by making human 
comfort the design target, OEMs 
and Tier 1s are able to optimise the 
energy used to ensure passengers are 
comfortable by directing energy where 
it is needed rather than simply heating 
or cooling the entire cabin. 

Across multiple HORIBA MIRA 
projects, thermal systems have been 
shown to be the largest consumer 
of energy outside of the drivetrain. It 
is therefore, a main area of focus to 
improve energy efficiency, EV range 
and consequently range anxiety.

When considering the ancillary loads 
on an electric vehicle, the sidelights 
(~50W), radio and speakers (up to 

Diagram 1: HORIBA MIRA is helping clients to improve EV range not only at 23°C but in hot/cold conditions.  
The grey line indicates the non-optimized solution and the blue line is the HORIBA MIRA thermally-optimized solution.

100W) phone charger (5W) all pale in 
comparison with the vehicle’s heating 
system, which can account for 7,000W 
and reduce the range of a vehicle 
by as much as 30 – 40 per cent at 
average temperatures of between 4°C 
and 14°C.

In Diagram 1 we consider the impact 
of external temperatures on EV range. 
This illustrates that whenever an EV is 

driven at temperatures outside of the 
optimal 23°C, the range will reduce 
significantly. HORIBA MIRA’s approach 
to address this challenge is to virtually 
model the vehicle and its thermal 
systems to accurately simulate different 
ambient conditions. These models are 
used to determine optimal architecture 
designs and calibrate the control 
strategies which achieve the best 
overall thermal efficiency. 
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Situation and objective

 Automotive glazing Tier 1

 Assessment of human thermal 
comfort inside vehicle cabin for  
a number of different materials

 Hot climate pulldown

Approach

 HORIBA MIRA simulation expertise

 3D Thermal model of cabin

 2 day diurnal solar soak

 50% percentile human physiological 
manikins (clothed in summer attire)

– Thermoregulatory models with 
vasodilation & sweating

– Includes blood flow and respiration

 90 Minute drive cycle cabin pulldown

Results and benefits

 Direct assessment of human  
thermal sensation and comfort 
(physiological metrics)

– Not simply air temperatures

– Avoids expensive human trials

– Simulation is repeatable

 Transient human thermal sensation  
& comfort responses

– Local body segments

– Overall

– Skin & body core temperatures

Cabin Human Thermal Comfort Assessment

1D system simulation 
Energy Management 

Heat Pump System 
R744 Refrigerant 

Cabin Airflow 
Co-Simulation 

CFD 
Aero 

 By programming the A/C system 
with a ‘human comfort factor’ the 
OEM can establish the impact of 
key components on keeping the 
passengers comfortable while not 
wasting energy.

 This approach considers the comfort 
of the passengers depending on 
the ambient temperature, A/C 
performance, solar heating and 
other factors.

 Making such decisions can lead  
to major cost-savings for the OEM  
and long-term comfort benefits  
for the occupants.
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Diagram 2 illustrates HORIBA MIRA’s 
simulation expertise used to assess the 
impact of innovative glazing on human 
thermal comfort rather than using 
cabin temperature. By monitoring the 

physiological metrics and responses 
(such as sweating and blood vessel 
dilation) of a virtual human manikin, 
subjective ‘comfort’ attributes can be 
understood and quantified. Human 

Comfort Factor (HCF) definition allows 
new energy saving control strategies and 
techniques to be implemented, resulting 
in additional EV range that can be directly 
related back to the Tier 1’s product.

Diagram 2: Case study for a glazing supplier where human comfort was defined as the target rather than temperature.
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Cost Savings

Significant cost savings can be made 
by OEMs and Tier 1s through this 
process of simulation, modelling and 

testing at a system level. By using 
HORIBA MIRA’s experience and 
correlated models, the development 
time and cost of full-vehicle testing 
is reduced. As the industry strives 

towards virtualization and modular 
vehicle architectures, sensitivity 
analysis via simulation is becoming 
extremely valuable. 

With a subjective metric, such as human 
comfort, correlation of simulation 
models is key. All thermal simulation 
models developed by HORIBA MIRA are 
validated and correlated at a system level 
using a suite of on-site climatic facilities. 

This includes: two climatic wind tunnels 
(including one with an SC03-compliant 
solar array), a full-scale wind tunnel, 
vehicle-sized thermal chambers, and an 
A/C development facility. 

In Diagram 3 you can see the correlated 
results from a simulated human, a 
physical thermal manikin and a subjective 
assessment of a real passenger.

Diagram 3: HORIBA MIRA has correlated its simulated comfort model by using a physical test manikin and 
subjective human subject in its suite of test facilities. 

This facility has an SC03 compliant solar array which allows HORIBA MIRA to perform highly valuable federal 
legislative range testing which can result in tax credits for the OEM.
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Thermal Simulation Platform

HORIBA MIRA has grown its thermal team, simulation capability and cross 
functional interaction. This has allowed a holistic thermal simulation platform 
to be created and utilised by its customers.

EV Range

Energy / 
Fuel Consumption

Energy Flows

Powertrain and  
Thermal Performance

Optimization 
Methods

Human Comfort 

Control Strategy 
Definition

Human Comfort 

Battery

Aero

Transmission

Control Strategy

Driveline

HVAC

Refrigerant Circuit

Cooling Circuit

Vehicle Platform 
Model

Thermal/Electrical 
Architecture

HORIBA 
MIRA

Cabin 
Model

Powertrain 
Thermal 

Management HVAC

Battery 
Thermal 

Management

5. Case Studies 

HORIBA MIRA created a top-down 
vehicle simulation to support a Tier 
1 supplier in component selection 
and thermal optimisation. Through 
purchasing a production EV, installing 
150 sensors and benchmarking its 
thermal systems in the climatic wind 

Case Study 1:  
Modelling Approach to System Optimization

tunnel, a flexible and accurate simulation 
model was created. The additional 
range and higher performance benefits 
of swapping out components and 
replacing them with alternative parts 
was then quickly and reliably illustrated 
to the Tier 1 supplier’s customer without 

the need to build and test physical 
components. This program enabled a 
rapid selection of preferred components 
and demonstrated system performance, 
saving engineering time and cost 
and aiding with accelerated system 
optimization. 

Illustration of the HORIBA MIRA Thermal Simulation Platform. Taking attributes and sub-systems (left), 
processing through the pre-defined simulation (middle) to give high value outputs (right)
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Range Improvements Due to Vehicle Optimization in Cold Conditions (WLTP, -17ºC ambient )

10.1%

8.3%

Brake-by-Wire

Liftoff Regeneration

Improved 
Torque Management

Optimized Thermal 
Control Strategy

Waste Heat Recovery (WHR)

Baseline Implementation

21.3%

17.7%

7.4%

0.0%

0% 5% 10% 15% 20% 25%

Thermal systems engineering can also 
be applied as part of a vehicle systems 
approach to overall energy efficiency. 
In this example, battery efficiency, 
controls system development, torque 
management and regenerative braking 
techniques were evaluated as a 
means of extending the EV range by 

A client required end-to-end 
engineering support for their 
thermal management system. This 
incorporated setting attribute targets 
from benchmarked data and defining a 
suitable thermal architecture using the 
available supply chain. HORIBA MIRA 
modelled the full thermal management 
system (incorporating battery and 
powertrain cooling systems) to 
accurately predict performance under 
a number of operating modes and 

Case Study 2:  
Energy efficiency program including thermal management optimization 

Case Study 3:  
Thermal System Development using Model-based Design and Physical Validation

over 20% for a Tier 1 supplier. The 
first phase of the project identified 
the required targets and potential 
optimization methods through market 
research, benchmarking and simulation 
modelling. Later phases of the project 
saw HORIBA MIRA develop a prototype 
system and implement a selection of 

conditions. Subsequent construction 
and integration of a high-level control 
logic was required for optimisation 
and validation of the physical system 
in-territory. Therefore allowing the 
customer to significantly reduce the 
platform development time and cost by 
utilising the HORIBA MIRA expertise 
and experience rather than building 
up a large in-house team to conduct 
expensive physical validation. 

the technologies into a donor vehicle. 
The final results and cost savings were 
then validated using HORIBA MIRA 
facilities, allowing the customer to 
demonstrate how their components 
and technology could be used to 
improve the EV energy efficiency.

Case study results for range improvements at low temperatures show the importance and impact of thermal 
efficiency through both improved control strategies and improved waste heat recovery.

HORIBA MIRA 3D 
temperature profile
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Thermal Energy Benchmarking (T.E.B.)

Standard T.E.B. Report

 Thermal energy flow analysis 
(Vehicle and system)

 Thermal system circuit architecture

 Detailed analysis for areas  
of improvement 

 Analysis from the inferred  
control strategies 

Pricing

Collaboration leads to discounted 
T.E.B. report 

Timing

T.E.B report delivered 12 weeks  
from vehicle delivery 

Customer-specific work  
packages include:

#1  Customer-specific performance  
tests / instrumentation

#2 Correlated 1D model of the full  
VTMS coupled with longitudinal 
powertrain model

#3 Human thermal comfort analysis  
(thermal manikin)

#4 Wider attribute benchmarking 

#5 Full vehicle teardown and reporting

#6 MIRA for subjective assessments 

Further packages can be requested

Customer #1

Standard T.E.B Report  

Optional package #1  

Optional package #2  

Optional package #3  

HORIBA MIRA

Vehicle purchase

HM instrumentation

 Facility use

 Disposal 

   Reporting

Customer #3

Standard T.E.B Report  

Optional package #1  

Optional package #2  

Optional package #3  

Customer #2

Standard T.E.B Report  

Optional package #1  

Optional package #2  

Optional package #3  

Customer #4

Standard T.E.B Report  

Optional package #1  

Optional package #2  

Optional package #3  
T.E.B. 

Consortium

A key selling point for HORIBA MIRA is 
our ability to independently benchmark 
full systems on a wide range of vehicles. 
Utilizing this wealth of knowledge and 

Case Study 4:  
Competitor Benchmarking

experience allows clients to easily 
understand energy flow analysis and 
inferred control strategies implemented 
on their competitor’s products or in 

HORIBA MIRA’s comprehensive, yet cost effective, Thermal Energy 
Benchmarking for existing and new BEVS and PHEVS

specific applications. This allows a 
comprehensive, yet cost effective, 
approach to accelerate the learning for 
the client and the development of their 
own systems.
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6. Future Recommendations 

To address the issue of ‘range anxiety’ through more 
accurate testing of thermal efficiency and its impact on range 
performance, HORIBA MIRA recommends the following:

Recommendation Action Required

Expand Thermal Efficiency 
Development in EVs

 Broaden the current 23°C temperature testing to include testing  
at hot and cold conditions, such as +40°C, +23°C, and -17°C

 Consider the secondary impact on a range of features that draw on battery 
energy or increase heating load into the cabin, e.g. lights, radio, speakers, 
navigation console, heating and cooling system

Computer Modelling  
and Simulation

 Use computer modelling techniques to speed-up the development time  
and reduce the risk of EV programs

 Test and correlate these parts at a system level to remove the need  
for expensive prototype vehicles 

 Use computer simulation for faster and less expensive results  
than traditional testing

 Consider thermal efficiency as part of holistic vehicle efficiency

 Use computer simulation to identify potential increases in electric range, 
decreases in fuel consumption (for hybrids) or improve human comfort within 
the cabin when considering different thermal efficiency scenarios

Introduce Human  
Comfort Factor (HCF)

 Move away from defining performance solely in terms of temperature 
measurements in the cabin

 Program the climate controller using HCF to more accurately establish the 
impact of key components on range ie.g. the performance of glazing on 
thermal efficiency
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7. In Summary: Gearing Up for  
a New Phase in EV Adoption

 Managing energy efficiency of EVs – 
which store 90 per cent less energy 
than their petrol or diesel vehicles – 
is critical to maximize vehicle range

 Currently, EVs are tested against 
a narrow set of parameters – the 
majority of which are only at one 
temperature level (23°C)

 Testing a vehicle at 23°C is not 
a true reflection of real-world 
driving conditions

By utilizing HORIBA MIRA’s correlated 
simulation models and control strategies, 
clients are able to benefit from:

 Minimized development timescales

 Reduced program risk

 Low overall development and 
validation costs 

 Internal/external temperatures and 
consumer behaviour all affect range 
– maintaining the required operating 
temperatures for EV components 
while providing suitable passenger 
comfort is a key challenge

 Over the next few years we expect 
international testing standards 
NEDC (New European Driving Cycle), 
WLTP (Worldwide Harmonized 
Light Vehicle Test Procedure), US 
EPA (United States Environmental 
Protection Agency) to extend testing 
requirements to include wider thermal 
conditions and expose the inefficiency 
at hot/cold conditions

The energy efficiency approach allows 
OEM and Tier 1 clients to significantly 
reduce range anxiety by improving the 
available EV range across a variety 
of real-world conditions through 
system optimization. In turn, this will 
subsequently increase consumer 
confidence, drive higher adoption of 
EVs worldwide, and will prepare OEMs 
for compliance with future legislation 
where reporting of EV range based 
on real-world driving conditions may 
become mandatory.

 Persuading more people to buy 
EVs requires manufacturers to 
develop thermal systems that 
minimise the impact on EV range 
at multiple temperatures – i.e. 
testing at +40°C, +23°C, and -17°C

 The US Government should 
consider adjusting subsidies  
to reflect energy efficiency 
across a range of real-world 
conditions
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