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Abstract: 

The introduction of a new standard of 48-volt electrical systems in cars comes at an additional cost to the vehicle. Ac-
ceptance of these costs is justified because it becomes a way to achieve lower CO2 emissions and lower fuel consumption. 

An important factor in favor of adopting 48-volt systems is the reduction in CO2 due to the use of a highly efficient 48-volt 

motor-generator unit coupled to a DC/DC converter. A methodology for testing new solutions to quantify CO2 savings and 
reductions therefore becomes crucial. This methodology must be capable of demonstrating the CO2 benefits primarily of 

the innovative technology proven in real-world driving conditions and with a large amount of realistic statistical data. The 

introduction of new eco-innovations must take into account the linkage and impact on other environmentally oriented eco-
innovative solutions. When implementing new technical solutions, a necessary aspect is the interaction with other innova-

tions installed in vehicles with new electrical installation standards. Therefore, for the expected synergy of solutions to 

occur, two or more innovative technologies must be installed. Then the combined savings from one of them will affect the 
performance of the other technologies, and vice versa. The new technology of a high-efficiency 48-volt motor-generator 

unit cooperating with a 48V/12V DC/DC converter fits very well in creating interactions with other implemented solutions 
aimed at reducing CO2 emissions. The article discusses the problems of the introduced new technology of a high-efficiency 

48-volt motor-generator unit cooperating with a 48V/12V DC/DC converter. The publication analyzes the impact of in-

creasing the voltage rating of current passenger car installations to 48V. Based on the methodology for determining the 
reduction of CO2 emissions of a vehicle with a 48V/12V DC/DC voltage converter installed, the mass of fuel per unit of 

engine operation time was determined. The amount of fuel saved was determined, and CO2 emission reductions were 

calculated for the three adopted passenger vehicles tested. 
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1. Introduction 

Nowadays, vehicles equipped with combustion en-

gines use many modern electronic, mechatronic and 

executive systems with the use of engines and actu-

ators. It happens due to considerable growth of con-

sumption of power and current of starting systems, 

air-conditioning systems, power steering systems 

and engine operation control systems. It leads to in-

creasing losses in the systems of motor vehicles. 

Standard supply systems are 12V electric circuits, 

which are powered by lead-acid batteries charged by 

an alternator. Due to much higher consumption of 

current, 12V systems must be have larger diameters, 

causing additional considerable weight of vehicles. 

In modern vehicles, cabling can be even a few kilo-

metres long This additional weight can be reduced 

by growth of voltage of electrical installations of 

motor vehicles, which will cause reduction of volt-

age drops and power losses. An additional profit of 

such change will be considerable reduction of diam-

eters of the wires of the systems their weight, which 

will result in reduction of a vehicle mass. Growth of 

rated voltage makes it easier to meet normative re-

quirements concerning permissible voltage drops in 

specific circuits of the systems (PN-85/S-76001, 

1985). Increasing voltage causes reduction of power 

losses and voltage drops and makes cabling lighter. 

With current state of technology of vehicles and 

power consumed by them, 12V car systems have 

reached their limit. Therefore, there are more and 

more attempts to implement 48V supply voltage to 

electric circuits of the vehicles of higher power de-

mand (Kumawat et al., 2017). The first trials and im-

plementations of this voltage take place in parallel 

with still operated 12V system. 48V system is added 

to 12V system, which is powered by lithium ion bat-

teries. 12V system is used to manage operation of an 

engine, lights, seat adjustment, mirrors and audio - 

navigating system. Whereas, 48V system is dedi-

cated to power high voltage receivers, that is, elec-

tric power steering, starter and air-conditioning sys-

tem. In addition, 48V system is intended for appli-

cation of new techniques of storing electric energy 

and provision of much more current in comparison 

with 12V system. Dual voltage system enables to 

use much larger amount of electric energy, reducing 

power losses. It gives the opportunity to develop 

many technical solutions, making motor vehicles 

more efficient and also more comfortable. It is also 

another way and chance to reduce emission of car-

bon dioxide. In light of the ongoing struggle to meet 

stringent exhaust gas standards, we can expect such 

a solution to become widespread - first in the most 

expensive models, and later in more popular ones. 

The matter of the future of 48-volt automotive elec-

trical systems is already a foregone conclusion. The 

use of 48 volts also avoids costly requirements for 

unsafe vehicle installation voltages. It becomes un-

necessary, among other things, the use of expensive 

special cables and their expensive safe connections, 

as well as stricter service requirements related to 

safety of use. As a result, 48V has become a de facto 

standard for an increasing number of manufacturers 

who have already introduced such installations for 

commercially available vehicles. 

The publication presents the new 48-volt rated volt-

age standard for automotive installations being in-

troduced in passenger vehicles. The impact of in-

creasing the installation's voltage rating from 12V 

and 24V to 48V was analyzed. On the basis of the 

methodology for reducing CO2 emissions of a vehi-

cle with a 48V/12V DC/DC converter installed, as 

well as the adopted calculation relationships, the 

mass of fuel per unit of engine operation time, its 

savings and the calculated reduction in CO2 emis-

sions were determined for three tested passenger ve-

hicles. 

 

2. Literature review 

Trials with determining new voltage ratings for au-

tomotive electrical systems were initiated by the 

world's largest automobile companies. As a result of 

these trials, 36V (42V operating voltage) was 

adopted as the nominal voltage for automotive in-

stallations, instead of the previous 12V (Jankowski, 

2007). The choice of this voltage value was a com-

promise between the need for its radical increase and 

electric shock safety considerations. A more exten-

sive analysis of these issues is presented in the works 

(Jankowski, 2007; Jankowski, 2009). 

The result of ongoing research was also the appear-

ance of the first hybrid passenger cars (Bilo J. et al., 

2016). The authors of the works note the use of elec-

trical installations that exceeded the safety voltages 

of 60V DC (Jankowski, 2012; Jankowski, 2014). 

During the evolution of hybrid and electric vehicles, 

an additional voltage level was defined in order to 

use high-power loads associated with power steering 

and electric pumps, compressors and electric heaters 



Kozyra, J., Łukasik, Z., Kuśmińska-Fijałkowska, A., Janota, A., 

Archives of Transport, 66(2), 7-20, 2023 

9 

 

 

(Kuypers, 2014; LV 148). It has been proven that 

powertrain electrification will play an important role 

in reducing fuel consumption and emissions over the 

next few decades (Do, 2014). Current trends toward 

the introduction of 48V rated systems have been in-

dicated on the basis of ongoing research work and 

initial applications at individual automobile corpo-

rations (Jankowski, 2017). The higher efficiency has 

made it possible to introduce solutions that were pre-

viously unavailable due to the limitations of the 

lower voltage. This involved limiting the wiring 

length of modern vehicles due to power take-offs 

and voltage drops (Horn, 2020; Jankowski, 2007).  

The development of modern vehicle electrical sys-

tem standards requires the introduction of modern 

bidirectional DC-to-DC converters. Instead of a con-

ventional boost converter, DC-DC converters with 

parallel combinations of IGBTs and MOSFETs 

(Das, 2014) with zero-voltage switching (ZVS) with 

high voltage gain and ripple-free input current are 

used (Shang, et al., 2017; Do, 2014).  

With the introduction of modern inverters into vehi-

cles, it was necessary to analyze the battery require-

ments of their solutions and the technical challenges 

of designing a 48-volt battery pack, with particular 

attention to cell selection and thermal management 

of the entire pack (Hall, et al., 2020). Emerging con-

clusions from the analyses suggest that high-power 

Lithium-Iron-Phosphate (LFP) batteries can meet 

the needs of advanced 48-volt architectures, provid-

ing consumers with new features and excellent fuel 

economy (Abdellahi, et al., 2017). 
 

3. 12V and 48V system in the installations of 

motor vehicles 

Nowadays, majority of motor vehicles are equipped 

with 12V electrical installation. It usually consists of 

three circuits: energy provision circuit, motor circuit 

and current load power circuit. It must be added that 

in the cars equipped with a spark ignition engine, 

there is also an ignition system, and in the cars 

equipped with diesel engines, there is a starting sys-

tem instead. The main elements of energy provision 

circuit include an alternator and battery, which accu-

mulates generated electric energy. Alternator meets 

energy demand of current loads in a car and battery 

charging. Starting system in a car includes battery, 

starter and switch. We can clearly see that the wires 

in these circuits have larger diameter than the others 

due to considerable values of currents flowing 

through them. Another circuit is a circuit of the re-

ceivers: 

− directly powered receivers, for example, exter-

nal lighting, hazard warning lights, alarm sys-

tem, radiator fan or central lock, 

− receivers switched on using an ignition switch, 

for example, ignition system, indicators, addi-

tional external lights or fuel pumps. 

Despite many improvements, 12V systems have 

reached their limits due to high power demand of the 

vehicles. Currently applied alternators and capaci-

ties of the batteries are not sufficient enough to meet 

the demand of modern motor vehicles. New solution 

and also support for 12V circuits are 48V electric 

circuits (Smith et al., 2020; Zhao, 2017; Leach, 

2016). Higher efficiency makes it possible to imple-

ment solutions that have not been available so far 

due to limitation of lower voltage. New concepts are 

aiming at application of electrical installation of the 

vehicles as two-system ones. The circuits of 48V 

system are slowly becoming a standard in many pro-

ducers who have noticed advantages of this feeding 

system. 

48/12V systems are separated, that is, traditional 

12V circuits using lead-acid battery and 48V circuits 

powered by lithium ion battery. Both circuits have 

separate charging systems, and DC/DC converter 

combines 12V circuits with 48V circuits (Das, 2014; 

Olin et al., 2019). Lithium ion battery cooperates 

with an alternator of optimized, increased efficiency, 

making driving system almost a hybrid one. The ad-

vantage of such solution is an option of energy re-

covery. Advanced alternator can recover even 10 

kW of electric power during recuperation. In this 

way, emission of carbon dioxide per kilometre can 

be reduced by even ten grams, which is an equiva-

lent of an amount of 0,4 litre of fuel per 100 kilome-

tres (Lodi et al., 2022). The interest in vehicles 

equipped with 48V system is obvious because it al-

lows to meet the requirement applicable since 2021 

for newly registered passenger vehicles of emitting 

less than 95g of CO2 per kilometre (DC/DC convert-

ers, 2019). 

Management and control of flow of electric power 

in both directions between circuits of different volt-

ages is becoming a challenge to 48/12V system. The 

use of bidirectional converter enables to reduce and 

increase voltage during power transmission between 

circuits. The disadvantage of such solution is com-

plicated structure of an electrical system, increased 
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costs of installation and additional components and 

necessity of finding a place in a vehicle. Figure1. 

presents a bidirectional supply system for energy 

flow in 48/12V system. 

48/12V systems are subject to the requirements of 

compliance with LV 148 standard, which defines re-

sistance to short-lived over voltages lasting 40 ms. 

The elements and devices used in the system must 

have strength 70 V in the input, and after adding 

safety margin, this requirement is increased to 100V 

(Horn, 2020; Kuypers, 2014; LV 148). It will enable 

to avoid additional and expensive insulating systems 

(DC/DC converters, 2019). 

Despite long-term operation of 12V system and first 

experiences with this system, the vehicles working 

electrically that only use voltage of 48 V are already 

being developed. The systems of these vehicles use 

bare and bidirectional converters, which process 

power of a few kilowatts and power electric devices 

working using voltage of 12V, as well as subassem-

blies working on higher voltage (Horn, 2020). 

12/48V system is powered by one 48V battery with 

the use of many bidirectional converters. Figure 2 

presents power diagram of 48/12V electrical instal-

lation with the use of 48V battery and high-perfor-

mance converters. 
 

 
Fig. 1. Bidirectional supply system in 48/12 V two-system installation 

 

 
Fig. 2. 48/12V electrical installation with the use of DC/DC bidirectional converters 
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The first experiences in application of a new system 

showed more effective heat abstraction and reduc-

tion of working temperature of the converters and 

reduction of distances of 12V circuits, which leads 

to reduction of mass of a vehicle (Spessa et al., 

2018). 
 

4. Certification of CO2 savings 

Supporting implementation of new innovative tech-

nologies aiming at reduction of CO2 emission in the 

vehicles, European Commission, by an Executive 

Decision (DCID EU, 2020) no. 1167/2020, con-

firmed that 48V technology of engine-generator unit 

combined with 48V/12V DC/DC converter is an in-

novative technology. The producers, while imple-

menting new technology of reducing emission of 

CO2 in new passenger vehicles, must meet criteria 

certifying reduction of CO2 by at least 0,5 g CO2/km. 

It is compliant with the provisions of regulation 

(CIR EU, 2011) no. 725/2011 in the event of passen-

ger vehicles or executive regulation (CIR EU, 2014) 

no. 427/2014 in the event of light commercial vehi-

cles. To prove reduction of CO2 emission, it is nec-

essary to conduct on the products of new technology 

a test procedure defined in regulation (CR EU, 2017) 

no. 692/2008 and fulfil the following conditions 

(DCID EU, 2020): 

− technology is installed in passenger vehicles 

(M1) or in light commercial vehicles (N1) 

equipped with conventional combustion en-

gines or in hybrid electric vehicles not charged 

externally, in which values of uncorrected 

measurement of fuel consumption and CO2 

emission can be used in accordance with regu-

lation (CR EU, 2017) 2017/1151, 

− resultant efficiency of technology of 48V motor 

generator and efficiency of 48V/12V DC/DC 

converter is at least: 

− 73,8% for vehicles powered by petrol, dif-

ferent than turbocharged ones; 

− 73,4% for turbocharged vehicles powered 

by petrol; 

− 74,2% for vehicles powered by diesel 

fuel. 

Reduction of CO2 emission of a vehicle as a result of 

application of 48V technology of engine-generator 

unit combined with 48V/12V DC/DC converter will 

be determined with the use of computational meth-

odology below. 

 

5. Methodology of reduction of CO2 emission 

of a vehicle equipped with 48V/12V DC/DC 

converter 

Reduction of CO2 emission of high-performance 

48V motor generator combined with 48V/12V 

DC/DC converter used in the vehicles of M1 or N1 

category should be determined separately for 48V 

motor generator and separately for 48V/12V DC/DC 

converter. 
 

5.1. Determination of efficiency of 48V motor 

generator 

Efficiency of 48V motor generator is determined in 

accordance with ISO 8854:2012, which includes 

methods of tests and general requirements concern-

ing  determination of data of electrical characteris-

tics of alternators of road vehicles. In accordance 

with the provisions of this standard, a producer, 

based on presented measurements, must confirm 

that frequency ranges of 48V motor generator are the 

same as values listed in table 1or equivalent 

(ADCID, 2020). Measuring stand and scope of 

measurements in accordance with ISO 8854:2012 

were presented in the following publication 

(Łukasik et al., 2021). 
 

Table 1. Frequency range during test of a 48V motor 

generator 

Operating 

point i 

Holding 

time [s] 

Rotational  

frequency ni 

[min– 1] 

Frequency 

operating 

points hi 

1 1 200 1 800 0,25 

2 1 200 3 000 0,40 

3 600 6 000 0,25 

4 300 10 000 0,10 

 

Efficiency of 48V motor generator is determined on 

the basis of measurements made for operating points 

mentioned in table 1. Current intensity of 48V unit 

in each of these points must at least half of rated 

value of current. Measuring methodology also de-

fines voltage during measurement and52 V must be 

maintained for every operating point i. For such 

measuring methodology, efficiency MGi, 48V unit 

is expressed in [%] and for every operating point, i 

is calculated using the following formula (1): 
 

𝜂𝐸𝐼𝑖 =
60⋅𝑈𝑖⋅𝐼𝑖

2𝜋⋅𝑀𝑖⋅𝑛𝑖
⋅ 100 (1) 

 

where: 

Ui – measurement voltage 52 [V], 
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Ii – measurement output current [A], 

Mi – torque [Nm], 

ni – rotational frequency [min– 1]. 

Every operating point of tested unit has efficiency 

measured five times and each of these measurements 

is determined. Every measuring series j requires to 

determine average efficiency 𝜂𝑀𝐺𝑖 for every i – of 

this operating point. Finally, efficiency of 48V mo-

tor generator is calculated using a formula (2). 
 

𝜂𝑀𝐺 = ∑ ℎ𝑖
𝑗
𝑖=1 ⋅ 𝜂𝑀𝐺𝑖  (2) 

 

where:  

𝜂𝑀𝐺𝑖  – average efficiency of 48V motor generator 

for i-of this operating point [%], 

hi – frequency i- of this operating point defined in 

table 1. 
 

5.2. Determination of efficiency of 48V/12V 

DC/DC converter 

The producers, in order to determine efficiency of 

high-performance 48V/12V DC/DC converter, must 

determine its efficiency, fulfilling the following con-

ditions during measurements: 

− persistent input voltage measurement -  52 V, 

− persistent output voltage measurement - 14,3 V, 

− output current determined from ratio of rated 

power of a converter to output voltage 14,3 V. 

Rated power of tested converter is an output power, 

which has to be certified by the product supplier in 

accordance with the requirements defined in ISO 

8854:2012. Efficiency of a converter 𝜂𝐷𝐶/𝐷𝐶 is de-

termined based on current and voltage measure-

ments, and it is calculated using a formula (3), show-

ing result in [%]. 
 

𝜂𝐷𝐶/𝐷𝐶 =
𝑈12𝑉⋅𝐼12𝑉

𝑈48𝑉⋅𝐼48𝑉
 (3) 

 

where: 

U48V – fixed input voltage - 52 [V], 

I48V – current measured in the input of a converter 

[A], 

U12V – fixed output voltage - 14,3 [V], 

I12V – current measured in the output of a converter 

equal to its rated power divided by output voltage [A]. 

A necessary condition is to take measurements five 

times, and after each of them, calculating converter 

efficiency. Based on the average from the calcula-

tions, requested efficiency of 48V/12V DC/DC con-

verter can be obtained. Obtaining from a formula (2) 

and (3) efficiency of 48V motor generator and 

48V/12V DC/DC converter, resultant  efficiency 

𝜂𝑇𝑂𝑇 can be determined using the following formula 

(4).   
 

𝜂𝑇𝑂𝑇 = 𝜂𝑀𝐺 ⋅ 𝜂𝐷𝐶/𝐷𝐶 (4) 

 

where: 

MG – efficiency of 48V motor generator [%], 

𝜂𝐷𝐶/𝐷𝐶 – average efficiency of 48V/12V DC/DC 

converter [%]. 
 

5.3. Determination of reduction of CO2 emission 

The value of reduction of CO2 emission obtained as 

a result of application of 48V motor generator com-

bined with 48V/12V DC/DC converter is calculated 

after determination of mechanical power saving Pm 

resulting from application of innovative combina-

tion of both technical solutions. This saving is ob-

tained based on calculation of difference between 

mechanical power saving with application under 

conditions of real use of a vehicle with the use of 

innovative combination of 48V unit – converter, and 

mechanical power saving under conditions expected 

in obtaining homologation of a vehicle with applied 

combination of 48V unit – converter. The calcula-

tions are done using a formula (5). 
 

𝛥𝑃𝑚 = 𝛥𝑃𝑚𝑅𝑊 − 𝛥𝑃𝑚𝑇𝐴 (5) 
 

where: 

ΔPmRW – mechanical power saving of 48V motor 

generator with 48V/12V DC/DC converter used un-

der real conditions [W],  

ΔPmTA – mechanical power saving of 48V motor 

generator with 48V/12V DC/DC converter used un-

der conditions of homologation [W]. 

ΔPmRW saving is calculated using a formula (6), 

whereas ΔPmTA using a formula (7). 
 

𝛥𝑃𝑚𝑅𝑊 =
𝑃𝑅𝑊

𝜂𝐵
−

𝑃𝑅𝑊

𝜂𝑇𝑂𝑇
 (6) 

 

𝛥𝑃𝑚𝑇𝐴 =
𝑃𝑇𝐴

𝜂𝐵
−

𝑃𝑇𝐴

𝜂𝑇𝑂𝑇
 (7) 

 

where: 

TOT – resultant efficiency of 48V motor generator 

combined with 48V/12V DC/DC converter [%], 
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PRW – mechanical power required during use un-

der real conditions -  750 [W], 

PTA – mechanical power required during homol-

ogation - 350 [W], 

B –  assumed efficiency of an alternator 67 [%]. 

Knowing the value of mechanical power saving 

from a formula (8), reduction of CO2 emission is de-

termined. 
 

𝐶𝐶𝑂2 = 𝛥𝑃𝑚 ⋅
𝑉𝑃𝑒⋅𝐶𝐹

𝑣
 (8) 

 

where: 

ΔPm – mechanical power saving [W], 

 – average driving speed in accordance with 

WLTP, that is, 46,6 [km/h], 

VPe – consumption of power mentioned in table 2 

[l/kWh], 

CF – conversion ratio of fuel into CO2 mentioned in 

table 3[gCO2/l]. 

New standards concerning the values of fuel con-

sumption have been defined in the Worldwide Har-

monized Light-Duty Vehicles Test Procedure 

(WLTP), which defines not only fuel consumption, 

but also emission of CO2 (ECE/TRANS, 2014). 

New research method defining consumption of fuel 

by the vehicles was described in the procedure. 

Based on real data collected around the world, this 

method allows to simulate realistic driving of  car, 

even under laboratory conditions. In this way, not 

only different situations and speeds in road traffic, 

but also various variants of accessories and mass 

classes of a vehicle are taken into account. WLTP 

was implemented for all new models of passenger 

vehicles as of September 1, 2017 (CR EU, 2017). 

Table 2 presents consumption of power from every 

litre of fuel, and table 3 presents conversion of con-

sumed fuel into amount of CO2. 

Obtained reduction of CO2 emission is connected 

with some degree of accuracy of measurement of 

physical quantities. Measuring precision is limited 

by imperfection of devices used during measure-

ment, precision of sense organs of an observer and 

in some cases models applied in an analysis of meas-

uring data. Mentioned factors have impact on the 

most accurate measurement, which is affected by 

measuring uncertainty and it is an approximation of 

real value. Taking into account that obtained values 

of reduction of CO2 emission are affected by meas-

uring uncertainty, its quantitative value must be de-

termined. Therefore, percentage standard deviation 

must be calculated: 

− efficiency of 𝑆𝜂𝑀𝐺  48V motor generator in 

every operating point of a unit,  

− efficiency of𝑆𝜂𝐷𝐶/𝐷𝐶  48 V/12V DC/DC con-

verter. 
 

Table 2. Effective power consumption of the vehicle 
Type of 

engine 

Effective power consumption 

of the vehicle (VPe) [l/kWh] 

Petrol 0,264 

Petrol turbo 0,280 

Diesel 0,220 

 

Table 3. Fuel conversion factor 
Type of 

fuel 

Conversion factor 

(1/100km)-(g CO2/km) (WK) [gCO2/l] 

Petrol 2 330 

Diesel 2 640 

 

To calculate standard deviation of efficiency 𝑆𝜂𝑀𝐺 , 

we must first calculate standard deviation of effi-

ciency for 48V motor generator  in every operating 

point 𝑆𝜂𝑀𝐺𝑖
 using a formula (9). 

 

𝑆𝜂𝑀𝐺𝑖 =
√
∑ (𝜂𝑀𝐺𝑖𝑗

−𝜂𝑀𝐺𝑖
)
2

𝑚
𝑗=1

𝑚(𝑚−1)
 (9) 

 

where: 

m – the number of the measurements in j measuring 

series made in every operating   point i for  efficiency 

of 48V motor generator, 

𝜂𝑀𝐺𝑖𝑗
 – efficiency of 48V motor generator calcu-

lated for measurement of one j series of measure-

ments in an operating point i [%], 

𝜂𝑀𝐺𝑖– average efficiency of 48V motor generator 

calculated for an operating point i [%]. 

Then, standard deviation of efficiency 𝑆𝜂𝑀𝐺
 is cal-

culated using a formula (10). 
 

𝑆𝜂𝑀𝐺
= √∑ (ℎ𝑖 ⋅ 𝑠𝜂𝑀𝐺𝑖

)
2

𝑗
𝑖=1  (10) 

 

where: 

𝑠𝜂𝑀𝐺𝑖
– standard deviation of efficiency of 48V mo-

tor generator [%], 
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hi – frequency i- of this operating point defined in 

table 1. 

Percentage standard deviation of efficiency of 

𝑠𝜂𝐷𝐶/𝐷𝐶  48 V/12V DC/DC converter is calculated 

from a formula (11). 
 

𝑆𝜂𝐷𝐶/𝐷𝐶 =
√
∑ (𝜂𝐷𝐶/𝐷𝐶𝑖−𝜂𝐷𝐶/𝐷𝐶)

2
𝐿
𝑗=1

𝐿(𝐿−1)
 (11) 

 

where: 

L – the number of measurements l made for 

48V/12V DC/DC converter, 

𝜂𝐷𝐶/𝐷𝐶 – calculated efficiency of 48V/12V DC/DC 

converter for single l measurement [%], 

𝜂𝐷𝐶/𝐷𝐶  – average efficiency of 48V/12V DC/DC 

converter [%]. 

Final calculation is determination of uncertainty of 

value of reduction of CO2 emission obtained as a re-

sult of application of 48V motor generator combined 

with 48V/12V DC/DC converter. The following for-

mula shall be used for this purpose (12), whereas, 

calculated uncertainty may not exceed 30% of ob-

tained value of reduction of CO2 emission. 
 

𝑆𝑐𝑐𝑜2 =
(𝑃𝑅𝑊−𝑃𝑇𝐴)

𝜂𝑇𝑂𝑇
⋅
𝑉𝑃𝑒⋅𝐶𝐹

𝑣
⋅ √(

𝑠𝜂𝑀𝐺

𝜂𝑀𝐺
)
2
+ (

𝑠𝜂𝐷𝐶/𝐷𝐶

𝜂𝐷𝐶/𝐷𝐶
)
2

 (12) 
 

where: 

PRW – mechanical power required during use un-

der real conditions - 750 [W],  

PTA – mechanical power required during homol-

ogation - 350 [W],  

TOT – resultant efficiency of 48V motor generator 

combined with 48V/12V DC/DC converter [%], 

VPe – consumption of power listed in table 2 

[l/kWh], 

CF – conversion ratio of fuel into CO2 mentioned in 

table 3 [gCO2/l],  

 – average driving speed in accordance with 

WLTP, which is 46,6 [km/h], 

𝑠𝜂𝑀𝐺
– standard deviation of efficiency of 48V motor 

generator [%], 

MG  – efficiency of 48V motor generator [%], 

𝑠𝜂𝐷𝐶/𝐷𝐶 – standard deviation of efficiency of 

48V/12V DC/DC converter [%], 

𝜂𝐷𝐶/𝐷𝐶 – efficiency of 48V/12V DC/DC converter 

[%]. 

A necessary condition of the calculations is approx-

imation to maximum two decimal places of obtained 

value and uncertainty of reduction of CO2 emission. 

Whereas, total value of rounded off value of reduc-

tion of emission was lower than 0,25g CO2/km. The 

value of rounding off is very important for a vehicle 

equipped with discussed ecoinnovation because it is 

necessary to meet a minimum degree of reduction of 

emission, which is at least 1gCO2/km (CIR EU, 

2011). Obtaining a minimum degree of reduction is 

checked using a formula (13). 
 

(𝐶𝐶𝑂2 − 𝑠𝐶𝐶𝑂2 − 𝛥𝐶𝑂2𝑚) ≥ 𝑀𝑇 (13) 

 

where: 

MT – minimum reduction 0,5 [g CO2/km], 

𝐶𝐶𝑂2–  value of reduction of emission [g CO2/km], 

𝑠𝐶𝐶𝑂2  – uncertainty of summary value of reduction 

of CO2 emission [g CO2/km], 

𝛥𝐶𝑂2𝑚 – CO2 correction for obtained difference of 

Δm [kg] between 48V motor generator combined 

with 48V/12V DC/DC converter and 7 [kg] refer-

ence alternator, calculated in table 4 [g CO2/km]. 
 

Table 4. CO2 correction 

Type of fuel CO2 correction𝜟𝑪𝑶𝟐𝒎 [gCO2/km] 

Petrol 0,0277 Δm 

Diesel 0,0383 Δm 

 

For computational purposes, the producers of a mo-

tor vehicle must give mass of 48V motor generator 

combined with 48V/12V DC/DC converter certified 

by the producer of mounted devices.  

The final stage of determination of reduction of CO2 

emission is certification of the values of  CO2 sav-

ings as a result of application of ecoinnovation, pre-

sented in details in (CIR EU, 2014). The value of 

reduction of CO2 emission that requires certification 

can be calculated from a formula (14).  
 

𝐶𝑆𝐶𝑂2 = (𝐶𝐶𝑂2 − 𝑠𝐶𝐶𝑂2)  (14) 

 

where: 

𝐶𝐶𝑂2 – value of reduction of emission [g CO2/km], 

𝑠𝐶𝐶𝑂2  – uncertainty of summary value of reduction 

of CO2 emission [g CO2/km]. 
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6. Tests confirming reduction of CO2 emission 

of a vehicle equipped with 48V/12V DC/DC 

system 

Increasing voltage from 12 V to 48V allows to in-

crease efficiency of constructional solutions of mo-

tor vehicles. 48V supply system enables to use large 

amount of electric energy, which leads to increased 

efficiency and comfort of use of the vehicles. There-

fore, 48V has already become a standard in numer-

ous producers who implemented such systems in the 

vehicles available on the market. By using 48V elec-

trical installation, apart from advantages mentioned 

above, fuel consumption is lower and meeting the 

standards of exhaust emission are met. The produc-

ers have come to this conclusion through tests and 

test drives according to the standards of values of 

fuel consumption, which are defined in WLTP. 

Tests conducted on the vehicles showed lower burn-

ing and proper functioning of 48V motor generator 

combined with 48V/12V DC/DC converter and 

functional components powered in two directions. 

Making tests on fuel consumption in accordance 

with WLTP corresponds to the values of consump-

tion under conditions of everyday use and takes into 

account a driving profile more similar to the real 

one. Test procedure allows more precise forecast of 

real fuel consumption in a given car thanks to more 

realistic test parameters. Testing the vehicles enable 

to determine the amount of fuel saved as a result of 

application of 48V motor generator combined with 

48V/12V DC/DC converter. The vehicles equipped 

with two-system installations were selected for an 

analysis and based on conducted tests, amount of 

saved fuel and reduction of carbon dioxide were de-

termined, which would be emitted to atmosphere. 

Passenger vehicle having an ideal burning, which 

during burning of 1 kg of petrol causes emission of 

3,1 kg of CO2 was used for the calculations. It means 

that as a result of burning of 0,322 kg of petrol, 1kg 

of CO2. is generated Therefore, in a tested idling ve-

hicle, emission of CO2 is 0,76 g/s. In accordance 

with a formula (15), mass of fuel per time unit of an 

engine operation can be calculated (Łukasik et al., 

2021): 
 

0,76
𝑔

𝑠
𝐶𝑂2 ⋅ 0,332

𝑔𝑃𝑒𝑡𝑟𝑜𝑙

𝑔𝐶𝑂2
= 0,245

𝑔

𝑠
𝑃𝑒𝑡𝑟𝑜𝑙 (15) 

 

Assuming density of petrol ρ = 0,745 g/cm3, inten-

sity of fuel consumption is determined using a for-

mula (16) (Łukasik et al., 2021): 

 

0,76
𝑔

𝑠
𝐶𝑂2 ⋅

0,332
𝑔𝑃𝑒𝑡𝑟𝑜𝑙

𝑔𝐶𝑂2

0,745
𝑔

𝑐𝑚3

= 0,33
𝑐𝑚3

𝑠
𝑃𝑒𝑡𝑟𝑜𝑙 (16) 

 

The values of fuel economy under conditions of nor-

mal traffic and calculated reduction of CO2 emission 

for three tested passenger vehicles of leading brands 

were presented in table 5. 

Reduction of fuel for a vehicle equipped with 

48V/12V DC/DC system was shown on Figure 3. 

Reduction of CO2 emission for a vehicle equipped 

with 48V/12V DC/DC system was presented on Fig-

ure 4. 
 

Table 5. Reduction of fuel use and CO2 emissions 

for the vehicle with the installation 

48V/12V DC/DC 

Tested 

vehicle 

Petrol  

consumption 

[l/100km] 

Petrol savings 

[l/100km] 

Saving CO2 

[kg/100km] 

Vehicle I 9,4 0,71 1,64 

Vehicle II 8,4 0,43 1,35 

Vehicle III 7,2 0,57 1,32 

 

According to data from ODYSSEE-MURE, average 

annual mileage of the vehicles in the European Un-

ion in 2019 was 11 313 (km/year), whereas in Po-

land, 8 607 (km/year). The highest mileages reached 

vehicles in Austria, 13 699 (km/year), and in Ger-

many, 13 602 (km/year) (Odyssee-mure, 2022). For 

tested cars, obtained fuel economy and reduction of 

emission for average value of the EU and Poland 

was presented in table 6. 

Annual petrol savings were presented on Figure 5. 

Annual reduction of CO2 emission is presented on 

Figure 6. 
 

Table 6. Annual reduction of fuel consumption and 

CO2 emission for a vehicle equipped with 

48V/12V DC/DC system 
Tested 

vehicle 

Petrol savings 

[l/year] 

Saving CO2 

[kg/year] 

 EU Poland EU Poland 

Vehicle I 80,32 61,11 185,83 141,38 

Vehicle II 48,64 37,01 112,53 85,62 

Vehicle III 64,48 49,06 149,18 113,52 
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Fig. 3. Reduction of fuel for a vehicle equipped with 48V/12V DC/DC system 

 

 

 
Fig. 4. Reduction of CO2 emission of a vehicle equipped with 48V/12V DC/DC system  
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Fig. 5. Fuel reduction of a vehicle equipped with 48V/12V DC/DC system in the European Union and Poland 

 

 

 
Fig. 6. Reduction of CO2 emission with 48V/12V DC/DC system in the European Union and Poland 
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7. Discussion and conclusions 

Application of 48V motor generator combined with 

48V/12V DC/DC converter is a cost-effective solu-

tion meeting regulations on exhaust emission and 

will fully meet growth of demand for energy energy-

consuming electric components of motor vehicles in 

the future. It is expected that the use of 48V technol-

ogy will increase even more and more and more rig-

orous regulations are being implemented within the 

scope of CO2 emission, and the use of combustion 

engines will be constantly decreasing. In the Euro-

pean Union, general number of passenger vehicles 

in 2020 was 246 355 770, 51,7% (127 365 933) of 

them are petrol vehicles, whereas in Poland, there 

was 25 113 862 passenger vehicles, including 

48,8% of petrol vehicles (12 255 564). If we assume 

average annual mileage from 2019 and an assume 

that the vehicles are equipped with 48V/12V DC/DC 

systems, fuel economy and reduction of CO2 emis-

sion would largely affect protection of environment. 

Fuel economy showed in this article is promising for 

tested vehicles and they are a large source of reduc-

tion of CO2 emission.  

The values of saved fuel under conditions of normal 

use of a vehicle with a 48 V/12V DC/DC installation 

in city traffic for the three tested vehicles ranged 

from 0.57 to 0.71 (l/100km), resulting in CO2 emis-

sion savings of 1.32 to 1.64 (kg/100km). Assuming 

the average annual mileage of vehicles according to 

ODYSSEE-MURE data in the European Union - 

11,313 (km/year) and in Poland - 8,607 (km/year) 

for one of the tested vehicles, the savings in fuel con-

sumed can reach up to 80 liters-EU and 60 liters-Po-

land. CO2 emission reduction 186 (kg/year)-EU and 

141(kg/year)-Poland. Considering the number of ve-

hicles in use and their expected growth in the com-

ing years, the use of a 48-volt motor-generator unit 

coupled with a 48V/12V DC/DC converter will be a 

serious alternative to other solutions for reducing 

CO2 emissions. 

Another aspect mentioned in this article is reduction 

of consumed power by the vehicles equipped with 

48V system. Growth of rated voltage in electrical in-

stallations of the motor vehicles leads to reduction 

of voltage drops and power losses. Large reduction 

of diameter of the wires results in lower weight and 

lower costs of production. It is particularly important 

in the event of constant increasing of amount and 

power of electric and electronic devices and replace-

ment of mechanical and hydraulic devices with elec-

tric and mechatronic devices. Inevitable develop-

ment of the motor vehicles equipped with electric 

and hybrid drives is aiming at forcing changes of 

rated voltage of the systems, which will, for finan-

cial reasons, require higher voltage, not only in the 

whole system, but also in selected points and cir-

cuits. 

But not only the transition to a higher voltage will 

fully meet the growing demand for energy-intensive 

electrical components of cars in the future. Other in-

novations are also needed to support the growing de-

mand for power while maintaining a green vehicle 

development course. The following should be men-

tioned here: Advanced stop-start (including passive 

engine-off coasting), Active engine-off coasting , 

Brake recuperation, Boost assistance (or torque as-

sistance), E-creeping and torque vectoring. To these 

innovations, we must add 48-volt hybridization, 

which offers several other functionalities, among 

which the possibility of reducing emissions should 

be emphasized. 

 

References 

[1] Abdellahi, A., Khaleghi, R.S., Blizanac, B., 

Sisk, B., (2017). Exploring the Opportunity 

Space For High-Power Li-Ion Batteries in 

Next-Generation 48V Mild Hybrid Electric Ve-

hicles, SAE Technical Paper 2017-01-1197, 

2017. DOI: 10.4271/2017-01-1197. 

[2] ADCID, 2020. Methodology to determine the 

CO2 savings of the technology used in a 48 Volt 

efficient motor generator combined with a 48 

Volt/12 Volt DC/DC converter for conven-

tional combustion engine and certain hybrid 

electric passenger cars and light commercial 

vehicles. (2020). Annex Decisions Commis-

sion Implementing Decision (EU) 2020/1167. 

[3] Bilo, J., et al. (2016). 48-Volt Electrical Sys-

tems. Frankfurt am Main, Germany: ZVEI. 

[4] CIR EU, 2011. Commission Implementing 

Regulation (EU) No 725/2011of 25 July 2011 

establishing a procedure for the approval and 

certification of innovative technologies for re-

ducing CO2 emissions from passenger cars pur-

suant to Regulation (EC) No 443/2009 of the 

European Parliament and of the Council. 

[5] CIR EU, 2014. Commission Implementing 

Regulation (EU) No 427/2014of 25 April 2014 

establishing a procedure for the approval and 



Kozyra, J., Łukasik, Z., Kuśmińska-Fijałkowska, A., Janota, A., 

Archives of Transport, 66(2), 7-20, 2023 

19 

 

 

certification of innovative technologies for re-

ducing CO2 emissions from light commercial 

vehicles pursuant to Regulation (EU) No 

510/2011 of the European Parliament and of 

the Council. 

[6] CR EU, 2017. Commission Regulation (EU) 

2017/1154 of 7 June 2017 amending Regula-

tion (EU) 2017/1151 supplementing Regula-

tion (EC)No 715/2007 of the European Parlia-

ment and of the Council on type-approval of 

motor vehicles with respect to emissions from 

light passenger and commercial vehicles (Euro 

5 and Euro 6) and on access to vehicle repair 

and maintenance information, amending Di-

rective 2007/46/EC of the European Parliament 

and of the Council, Commission Regulation 

(EC) No 692/2008 and Commission Regulation 

(EU) No 1230/2012 and repealing Regulation 

(EC) No 692/2008. 

[7] Das, R., (2014). Pi Controlled Bi-Directional 

Dc-Dc Converter And Higly Efficient Boost 

Converter For Electric Vehicle. International 

Islamic University Chittagong. 

[8] DC/DC converters, 2019. DC/DC converters in 

transport applications, August 21, 2019. 

RECOM Power GmbH, https:/recom-

power.com. 

[9] DCID EU, 2020. Decisions Commission Im-

plementing Decision (EU) 2020/1167of 6 Au-

gust 2020 on the approval of the technology 

used in a 48 Volt efficient motor-generator 

combined with a 48 Volt/12 Volt DC/DC con-

verter for use in conventional combustion en-

gine and certain hybrid electric passenger cars 

and light commercial vehicles as an innovative 

technology pursuant to Regulation (EU) 

2019/631 of the European Parliament and of 

the Council). 

[10] Do, H-L., (2012). Improved ZVS DC-DC Con-

verter With a High Voltage Gain and a Ripple-

Free Input Current, IEEE Transactions on Cir-

cuits and Systems I: Regular Papers, 59(4), 

846-853. DOI: 10.1109/TCSI.2011.2169741. 

[11] ECE/TRANS, 2014. Global technical regula-

tion on Worldwide harmonized Light vehicles 

Test Procedure, ECE/TRANS/180/Add.15, Es-

tablished in the Global Registry on 12 March 

2014. 

[12] Hall, J., Borman, S., Hibberd, B., Bassett, M., 

et al., (2020). 48 V High-power Battery Pack 

for Mild-Hybrid Electric Powertrains, SAE Int. 

J. Adv. & Curr. Prac. in Mobility 2(4):1893-

1904. DOI: 10.4271/2020-01-0441. 

[13] Horn, R., (2020). Using specialised power con-

verters to bridge the dual 12v to 48v gap in au-

tomotive systems. Electronic Product Design & 

Test Magazin. ISSN 0263-1474. 

[14] Hu, B., Chen, C., Zhan, Z., et al., (2018). Pro-

gress and recent trends in 48 V hybridisation 

and e-boosting technology on passenger vehi-

cles – a review. Proceedings of the Institution 

of Mechanical Engineers, Part D: Journal of 

Automobile Engineering, 232(11), 1543-1561. 

DOI: 10.1177/0954407017729950. 

[15] ISO 8854:2012, 2012. ISO 8854:2012 - Road 

vehicles-Alternators with regulators-Test 

methods and general requirements. 

[16] Jankowski, K., (2012). Problemy bezpieczeń-

stwa porażeniowego we współczesnych samo-

chodowych instalacjach elektrycznych. XVI 

Konferencja - Komputerowe systemy wspoma-

gania nauki, przemysłu i transportu - Trans-

comp 2012, Zakopane, 3- 6.12.2012, Technika 

Transportu Szynowego, 9/2012 2515-2520. 

[17] Jankowski, K., (2017). Straty mocy i przekroje 

przewodów w 48V samochodowych instala-

cjach elektrycznych. Autobusy: technika, eks-

ploatacja, systemy transportowe, 18(12), 915-

918. 

[18] Jankowski, K., (2017). Wpływ wartości napię-

cia znamionowego na konstrukcję instalacji 

elektrycznych samochodów ciężarowych i au-

tobusów. I Konferencja naukowo - techniczna 

„Truck & Bus – Nowoczesny samochód cięża-

rowy i autobus”, Radom, 24-25. 10.2007, 71-

77. 

[19] Jankowski, K., Zbrowski, A., (2014). Electric 

shock safety In automotive electrical systems. 

Czasopismo Techniczne Mechanika, 1-M(4), 

111, 33-39. 

[20] Jankowski, K.,. (2009). Wpływ wartości napię-

cia znamionowego na konstrukcję instalacji 

elektrycznych autobusów. Autobusy, 3/2009, 

18-19. 

[21] Kumawat, A.K., Thakur, A.K., (2017). A com-

prehensive study of automotive 48-volt tech-

nology. International Journal of Mechanical 

Engineering. 4(5), 13-20. 

[22] Kuypers, M., (2014). Application of 48 Volt for 

Mild Hybrid Vehicles and High Power Loads. 

http://yadda.icm.edu.pl/baztech/element/bwmeta1.element.baztech-journal-1509-5878-autobusy__technika_eksploatacja_systemy_transportowe
http://yadda.icm.edu.pl/baztech/element/bwmeta1.element.baztech-journal-1509-5878-autobusy__technika_eksploatacja_systemy_transportowe


20 

 

Kozyra, J., Łukasik, Z., Kuśmińska-Fijałkowska, A., Janota, A., 

Archives of Transport, 66(2), 7-20, 2023 

 

 

SAE paper 2014-01-1790. DOI: 10.4271/2014-

01-1790. 

[23] Leach, J., Automotive 48-Volt Technology. 

SAE International, 2016. 

[24] Lodi, C., Serra, S., Currò, D., Gil-Sayas, S., 

Marotta, A., et al. (2022). Eco-innovative tech-

nologies reducing CO2 emissions of light-duty 

vehicles: evaluation of interactions. ISBN 978-

92-76-45461-8, ISSN 1018-5593. DOI: 

10.2760/86427, Publications Office of the Eu-

ropean Union. 

[25] Łukasik, Z., Kozyra, J., Kuśmińska-Fijałkow-

ska, A., (2021). Reduction of CO2 Through Ap-

plication of the High-Performance Alternator. 

Transport Problems, 16(2), 179-188. DOI: 

10.21307/tp-2021-033. 

[26] LV, 148. LV 148, Electric and Electronic Com-

ponents for Vehicles with a 48V Electrical Sys-

tem Test Conditions and Tests. 

[27] Odyssee-mure, 2022. www.odyssee-mure.eu, 

access date: [16.03.2022]. 

[28] Olin, P., Aggoune, K., Tang, L., Confer, K., et 

al. (2019). Reducing Fuel Consumption by Us-

ing Information from Connected and Auto-

mated Vehicle Modules to Optimize Propul-

sion System Control, SAE Technical Paper 

2019-01-1213. DOI: 10.4271/2019-01-1213. 

[29] PN-85/S-76001, 1985. PN-85/S-76001 - Po-

jazdy silnikowe. Wyposażenie elektryczne. 

Ogólne wymagania i badania. 

[30] Shang, F., Niu, G., Krishnamurthy, M., (2017). 

Design and Analysis of a High-Voltage-Gain 

Step-Up Resonant DC–DC Converter for 

Transportation Applications. IEEE Transac-

tions on Transportation Electrification,  3(1), 

157-167. DOI: 10.1109/TTE.2017.2656145. 

[31] Smith, D., et al. (2020). Medium-and heavy-

duty vehicle electrification: An assessment of 

technology and knowledge gaps. No. 

ORNL/SPR-2020/7. Oak Ridge National Lab. 

(ORNL), Oak Ridge, TN (United States). 

[32] Spessa, E., Malvicino, D. C., Solinas, M. R., 

Milan, C. M., (2018). Evaluation of the Poten-

tial of Low-Voltage Electrification Technolo-

gies for CO2 Reduction. Master of Science in 

Mechanical Engineering Department of Me-

chanical and Aerospace Engineering, FCA, 

Turin. 

[33] Zhao, N., (2017). Modelling and design of elec-

tric machines and associated components for 

more electric vehicles (Doctoral dissertation). 

 

 


