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ABSTRACT: This paper aims to share awareness for adopting the technology of hybrid electric vehicles 

(HEVs) and to introduce their benefits in terms of fuel consumption and pollutant emissions. The economic and 

environmental metrics are the main concerned perspectives when comparing the hybrid electric vehicles 

(HEVs) to the equivalent conventional vehicle. Furthermore, for investigating the system power effect on fuel 

economy and emissions, two models of the parallel architecture were structured and separately simulated, and 

likewise for the series architecture. The comparison is based on performance analyses under real-world driving 

patterns that emulate the studied route conditions. A commonly-used data logger was utilized to gather driving 

data necessary for creating the real-world driving cycle. Advanced vehicle simulator, is considered in this work 

to perform the simulation process, and to obtain all the involved performance predictions. Significant fuel 

consumption and emissions reductions are predicted by the electrified vehicles over the conventional 

counterpart; the highest fuel consumption reduction (54.7%) was achieved by the series HEV2, whereas the 

lowest (27.6%) was achieved by the parallel HEV1. The best emissions reduction in terms of hydrocarbon 

(HC), carbon monoxide (CO), and nitrogen oxides (NOx) emission was attained by the series HEV1 and was 

documented as; 80.8%, 74.8%, and 77.7%, respectively. The smallest reduction was attained by the parallel 

HEV1 as; 40.5%, 43.7%, and 26% for HC, CO, and NOx. respectively. The results indicate that meaningful 

improvements in fuel economy and emissions are achievable if the HEV is recruited on such a road in the city 

of Baqubah.

KEYWORDS: Hybrid electric vehicles, ADVISOR simulation, Real-world driving cycle, Fuel consumption, 

Emissions 

INTRODUCTION

The study aims to contribute to the global goal of reducing dependence on nonrenewable energy resources. The 

international environmental organizations and many governmental authorities adopted initiatives for innovative 

clean energy technology, those initiatives are mainly established on reliable statistics and empirical tests. 

Statistics revealed that the transportation sector consumed a large portion of the fossil fuel and released the 

largest amount of gaseous emissions. On the other hand, experimental results were utilized to construct the 

simulation programs. The streets of Iraqi cities recently experience traffic congestion due to the abnormal 

increase of mobility bulk. That increase can be attributed to; the unrestricted importation of all kinds of vehicles 

since 2003, and other economic issues. Hence, high amounts of fuels and emissions are burned and released, 

respectively. The formal statistics in 2019 showed that the mobility bulk was inflated by more than 400% [1]. 

Thus, the indicator of “vehicle/km” recognized the increase in traffic intensity from 28 to 112 vehicles/km 

during those years. Such an indicator is not a real metric, but an approximation of dividing the overall number 

of imported vehicles by total lengths of the paved highway and express roads all over Iraq. Evaluating the exact 

intensity of the transportation sector is complicated [1]; thus, another indicator of “person/vehicle” can be cited, 

that indicator was distinctly lowering during the last decade. The 2019 statistics illustrated that Iraq had an 

indicator of approximately 6 persons per vehicle rather than 22 persons per vehicle, which had been estimated 

in 2003 [2]. The inflation in the mobility bulk is associated with the growth of gasoline and diesel fuel 

supplements in addition to the quantitative and qualitative degradation of paved roads other than the 

multiplicity of checkpoints for security reasons that influenced mobility congestion.
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As a result, the demand for fossil fuel rises continuously. In contrast, the sources of crude oil reached almost 

their peak potential. These sources are to be exhausted because the consumption rate is higher than their 

expected potential in the future; hence, the world may encounter a deficit in energy sources [3]. Subsequently, 

emissions had significantly increased to alarming levels in the last decades [4]. These recorded levels represent 

true threats to human health, environment, and atmosphere [5]. Emissions, such as carbon monoxide (CO), 

nitrogen oxides (NOx), carbon dioxide (CO2), hydrocarbon (HC), and particulate matter (PM), pollute the air 

directly. Moreover, automobile emissions contribute to air pollution by approximately 60%. Thus, conventional 

vehicles represent a major problem in terms of global warming, greenhouse gas effect, and ozone layer 

depletion. The energy consumed by the transportation sector significantly increased from 23% of the total 

consumption in 1971 to 29% in 2015 [6]. 

More than 4 million premature deaths per year were reported in 2018 all over the world. These deaths were due 

to polluted air caused by emissions released by different combustion engines [7]. 

Electric vehicles (EVs) and hybrid electric vehicles (HEVs) can be considered rare cars in Iraq; although the 

first efficient HEV in the world (Toyota Prius) was manufactured since 1997, the first-ever EV in Iraq was only 

imported and registered by traffic authorities in 2016 [1]. Moreover, EV or HEV is unknown and seldom 

available on the roads of Iraq. Only 22 electrified vehicles (9 EVs and 13 HEVs; none of them has been seen in 

the city of Baqubah where this work was implemented) against more than 1 million conventional vehicles were 

registered until the last month of 2019. The statistic includes only the light-duty vehicles (passenger cars and 

the 5–7 passenger SUVs. Also, the Kurdistan region of Iraq is not included) [1]. 

The unfamiliarity of the new-smart technology (hybridization) may be attributed to the high price of HEV, the 

relatively low-cost fuel in Iraq (where the price for ordinary gasoline is approximately 0.38 US$/L or US$1.43 

per US gallon, and about 0.63 US$/L or US$2.38 per US gallon for super gasoline), and the public 

misconception. This misconception is because of the mistrust of rechargeable appliance for recent 

considerations related to poor-quality applications. Therefore, the Iraqi government decided in November 2019 

to reduce the custom tariff for HEVs by 100% as an incentive for prompting citizens to own this economic and 

low-emission vehicle [8]. 

Considerable improvements were indicated by many works of literature that compared HEV with equivalent 

conventional ones in terms of fuel economy and emissions [5]. Considering real-world driving cycles, [9] 

predicts that the fuel economy improvement on city driving cycle can be up to 68%. However, the fuel 

economy improvement on the highway driving cycle was limited to 10%. That was attributed to the 

regenerative braking which is more frequent and more beneficial on city activities than on the highway. 

Moreover, the emissions are also improved, in which they significantly decreased on both driving cycles, aside 

from achieving good improvement in engine efficiency. 

Results in another literature [10] reported a fuel economy enhancement of about 6.0% using a newly-developed 

control strategy for the parallel HEV so-called “look-ahead fuzzy controller”. This strategy is compared with 

the defaults of the power system analysis toolbox (PSAT) controller. Another comparison was performed 

between the proposed control strategy and the one without the look-ahead data strategy. A 2.6% fuel 

consumption improvement was reported [10]. 

Reference [4] conducted a relevant research that illustrated the effects of architecture type and driving cycle on 

fuel economy. The simulation was implemented in the study to evaluate the fuel economy and emissions using 

PSAT software. The optimum fuel consumption reduction of 60.2% was achieved by the series HEV under the 

Urban Dynamometer Driving Schedule (UDDS), and the lowest reduction (22.7%) was achieved by the same 

series HEV but under the Highway Fuel Economy Test (HWFET). 

The hybridization technology may contribute effectively to reduce transportation sector emissions by 

approximately 30% as agreed in Paris [11]. 

A real-world work [12] was done in Rome, Italy, to investigate the fuel economy of conventional and hybrid 

electric vehicles using the same instrument used in the current study. The results revealed that the driving 

behavior and vehicle speed mainly affected fuel consumption, as well as the type of configuration. The hybrid 

Yaris consumed fuel approximately 50% of the fuel amount consumed by the conventional Yaris when both of 

them were driven in low and medium ranges of speed (~20 km/h). The hybrid vehicle has no advancement over 
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the conventional in terms of fuel consumption for ranges higher than (90 km/h). On the other side, the 

comparison between the two different hybrid models stated a priority for the Prius concerning the fuel 

consumption by about 17% owing to the developed performance of the regenerative braking system. The 

results also showed that the regenerative braking system of the Prius HEV is more efficient than that of the 

Yaris counterpart. The energy-capturing system in Prius contributed to the total energy delivered to the wheels 

by about 27.6%, while in Yaris, it only did approximately 14.3%. 

The emissions can also be employed empirically to assess fuel economy using portable emission measurement 

systems (PEMSs) and analytical procedures [13]. Thus, the induced outcomes showed that minimum fuel-

saving of 42% is achieved by HEVs under urban conditions. However, a lower fuel saving of 18% is obtained 

under rural conditions, and of 5% under highway conditions. Emission tests showed lower concentrations from 

the HEVs compared to the conventional counterparts, except that HC emissions concentrations were not 

reduced by the HEVs, meanwhile, CO emissions concentrations were higher [13]. 

The vehicle wheels are powered by a gearing unit, which in turn receives the propulsion power from the power 

management or control unit. The power management unit represents the vehicle controller processer, which 

senses the load demand at wheel, and organizes the power flow bidirectionally. The controller regulates the 

prime movers' operation process (i. e. internal combustion engine ICE and electric motor EM) as well as the 

generator instantaneously; either EM satisfies the load demand to propel the wheels or sends a command to turn 

the ICE on. If the momentary load demand is higher than the EM potential, or the battery state-of-charge is low; 

the ICE is imposed to run and power the driveline solely. Otherwise, a portion of ICE power can be converted 

to boost the depleted-charge battery, or even coupling both the electrical and mechanical drivetrains to supply 

the needed driving power. The processes of power generation and power flow are judged by the system 

configuration type, either it was parallel or series [9, 14]. The three types of system configurations in the 

hybridization of HEVs include series HEV, Parallel HEV, and series-parallel HEV. 

Moreover, Reference [15] developed a unique architecture called “Split-Power HEV,” which was simulated 

using ADVISOR. The fuel economy of this simulation was reported at 2.85 L /100 km for 11.99 km distance, 

which was the distance of the conducted standard speed profile. The dynamometer test revealed that the logged 

range was 78 km with a top speed of up to 110 km/h. When the vehicle was tested on the road, a speed of up to 

120 km/h with distance of up to 85 km was recorded [15]. 

Simulation and computer modeling are vital tools in this field because of validated results, thereby, the time, 

the cost, and personal efforts are reduced while testing vehicles [5]. 

The ADVISOR software is used in this study to perform simulation on real-world driving conditions.  This 

software is an accredited trademark of the Alliance for Sustainable Energy, LLC, which is the manager and 

operator of the National Renewable Energy Laboratory for the United States Department of Energy [16]. 

ADVISOR is a simulation software based on MATLAB/Simulink, which is a combination of script text files, 

models, and many other databases that can be employed to analyze the performance, fuel economy, and 

emissions [5]. This software program was used to simulate the vehicles in several works, such as in [5], [15], 

and [17]. 

The aim of this study is to compare the performance of the HEVs, in terms of emissions and fuel consumption 

with their conventional counterpart. All models (e.g., conventional, parallel hybrid, and series hybrid vehicles) 

are simulated on the constructed real-world speed profile (DIYALAUNV_R) that shown in Fig. 5. The results 

are analyzed to evaluate the achieved reduction in fuel consumption and emissions. The speed profile was 

created by assembling many real-world mini-trips that were recorded using the CarChip instrument. The 

aforementioned driving cycle is managed to be simulated using ADVISOR. 

RESEARCH METHODOLOGY 

The research methodology is initiated once the data logger is plugged into the OBD-II port of the recruited 

vehicle. The selection of vehicle and road desired to be studied was a preceding decision. The driving data 

obtained from the data logger is processed using a PC-compatible software to select the most-appropriate trips 

for the simulation section. In the simulation process, the vehicle-representative models are structured, and the 

created real-world speed profile is managed to be inserted into the ADVISOR database. The simulation process 

is validated based on actual fuel consumption for the conventional vehicle reported by the driver. The reported 
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predictions in terms of; performance, fuel economy, and emissions, are analyzed individually to evaluate the 

improvement/reduction achieved by the simulated models. 

Data Gathering 

The first step of this study is to construct a real-world driving cycle that emulates the specified route that needs 

to be analyzed. This step creates a speed profile that is considered the main base of the simulation process. 

Table 1 shows the specifications of the Ford Edge SEL model year 2013 that is recruited to gather the required 

parameters. The ambient conditions during the data gathering are shown in Table 2. 

Table 1. The Specifications of the recruited vehicle. 

Item Specification 

Make and model Ford Edge SEL /FWD 2013 

Engine Ti-VCT 3.5 liters V6 

Body class Sport utility vehicle SUV 

Fuel type Gasoline 

Engine power 285 HP,   212.5 KW 

Transmission type Automatic gearbox 

Gross vehicle mass rating (2268-2722) Kg 

 

Table 2. The ambient conditions during the test. 

Days 
history Humidity 

(%) 

Pressure 

(kPa) 

High Temp. 

(oC) 

Low Temp. 

(oC) 

Day1 (Sunday) 09/15/2019 14.3 99.81 45 27 

Day2 (Monday) 09/16/2019 20.1 100.06 43 27 

Day3 (Tuesday) 09/17/2019 19.1 100.06 44 28 

Day4 (Wednesday) 09/18/2019 17.9 100.3 42 27 

Day5 (Thursday) 09/19/2019 15.5 100.32 42 24 

 

The vehicle was identified. The basic specifications should be introduced in the modeling and simulation stage. 

Several specifications, such as engine power, engine efficiency, overall mass, and frontal area, are crucial for 

road load equation and simulation. Fig. 1 shows the “Davis Instruments 8226 CarChip Pro” data logger, which 

is used to collect valid data for the simulation process, it was also used in previous research [9], and a similar 

instrument was used by [12].   
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Figure 1. The Davis Instruments 8226 CarChip Pro used in the study 

 

Figure 2. The sketch of the route (courtesy Google Maps) 

In parallel with the actual statistics, the CarChip is plugged into the On-Board Diagnostic port (OBD-II) of the 

vehicle (Ford Edge SEL) and was set to record the engine load ratio and the vehicle speed every second. The 

latter is the key parameter that mainly recognizes any driving cycle. 

The CarChip was detached and connected to the PC to display and download the saved data using a PC-

compatible software. Fig. 3 shows that the saved data are listed as numbered trips. The logged trips to be 

assembled for this study are listed from Trips 86 to 105. The 5-day trips displayed the following details: start 

time and date of the trip, duration of the trip, distance traveled, max speed reached, and time spent in the preset 

top speed band in addition to other parameters. The displayed data showed that trips’ durations on the road 
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marked in Fig. 2 are not the same for the five days because of traffic conditions. The real-conditions speed 

profile for the Monday trip is shown in Fig. 4. However, both the assembled speed profile and Monday speed 

profile metrics are contrasted in Table 3. The maximum duration is 28.85 minutes on Monday, while the 

minimum is approximately 26 minutes on Wednesday. The specified route has an approximate distance of 15 

km. The maximum recorded speed is 36.4 m/s on Monday, and the time spent in higher than the top speed band 

(up to 31.3 m/s) is 41 seconds. The data for the hard brakes and accelerations, as well as for several features 

that show the troubles and the accidents occurred while driving the vehicle are recorded. 

 

Figure 3. The recorded trips 

 

Figure 4. Real-world driving cycle for Monday (16/09/2019) 

Data Selection Process 

To construct the real-world driving cycle accurately from many daily trips that were logged on the CarChip-

data logger, they must be compromised and analyzed to decide which trip is more realistic, and representative 

to the involved driving patterns. The researcher managed to assemble the trips all of the week for meeting 

reliability and cutting error as less as possible. Given more accumulated time implemented in the simulation, 

results are expected to be accurate and well interpreted [18]. Therefore, five workdays in addition to the 

interfered out-of-work tasks (so, there was some variance in tips’ durations of the five days due to the traffic) 

are managed to merge their data using the Excel software for creating the wanted speed profile Fig. 5. The 

Excel software enables the user to conduct many arithmetic functions, and many verification processes 

concerning this field can be performed using this program. 

The selected trips have been assembled, and a long-merged driving cycle is constructed with the Characteristic 

parameters shown in Table 3. This cycle is ready to be simulated in the ADVISOR software. 
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Table 3. Characteristic parameters of Monday trip and the assembled trips 

Item Unit Monday trip Assembled trips 

The duration of the assembled trips seconds 1731 24,650 

The distance of the assembled trips Km 15.3 172.3464 Km 

The maximum speed m/s 36.4 36.2102 

The average speed m/s 8.84 6.9917 

The maximum acceleration m/s2 2.682 3.576 

The maximum deceleration m/s2 -3.576 -3.576 

The average acceleration m/s2 0.672 0.65669 

The average deceleration m/s2 -0.8386 -0.78266 

The idle time seconds 224 4727 

The idle ratio % 12.94 19.18 

The acceleration time seconds 560 6876 

The acceleration ratio % 32.35 27.89 

The deceleration time seconds 448 5768 

The deceleration ratio % 25.88 23.4 

No. of stops - 13 243 

 

 

Figure 5. Real-world driving cycle (DIYALAUNV_R) 

Modeling and Simulation  

The constructed real-world driving cycle is shown in Fig. 5. This assembled speed profile was created through 

the previously mentioned procedure, and it is ready to be processed and analyzed. The used simulation program 

was validated experimentally many times [19-22], thus, the attained results are almost reliable. 

The ADVISOR software is an open-source program; hence, it offers the options to add, edit, and manipulate 

databases. Thereby, the assembled real-world speed profile (DIYALAUNV_R) is inserted into the list of 

ADVISOR default driving cycles to be available for the simulation process. Creating a model that imitates the 

recruited vehicle with the specifications listed in Table 1 is the next step. 

Table 4 lists the specifications of the adopted hybrid architectures that are modeled and simulated in this study, 

as well as the conventional one. Each hybrid configuration (parallel or series) is simulated several times for 

contrasting the influence of components changing. Fig. 6 explains the simulation process schematically. A 

0

5

10

15

20

25

30

35

40

0 3600 7200 10800 14400 18000 21600 25200

V
eh

ic
le

 s
p

ee
d

 (
m

/s
)

Time (s)

The assembled five-days trips (constructed driving cycle)



Comparison study of fuel consumption and emissions of HEVs and conventional vehicle in Iraq using real-world cycle 

192 

 

couple of models for each hybrid configuration is examined separately by changing the system power of each 

model.  

Table 4. Models specifications 

Parameters Vehicle Configurations 

 Unit Conventional Parallel HEV1 Parallel HEV2 Series HEV1 Series HEV2 

Vehicle body style  
mid-Size 

SUV 
mid-Size SUV mid-Size SUV mid-Size SUV 

mid-Size 

SUV 

IC engine max power kw SI212@6500 SI150@6000 SI130@5800 SI63@5500 SI41@5700 

IC engine max Torque N.m 343@4000 320@3200 273@2900 145@2000 81@3470 

IC engine disp. and 

configuration 
Liter 3.5 V6 2.6 I4 2.4 I4 1.9 I4 1.0 I4 

IC engine max efficiency % 34 32 32 34 34 

ESS (Li-ion 6 Ah) 
No. of 

module 
- 25 25 50 50 

ESS voltage V - 267 267 534 534 

ESS capacity kWh - 1.6 1.6 3.2 3.2 

Electric motor/ controller 

peak power 
kw - AC62 AC83 AC75 AC75 

Electric motor/ controller 

permanent power 
kw - 30 40 35 35 

Electric motor efficiency - % 90 94 92 92 

Generator peak power kw - - - 66 43 

Transmission - Auto Auto Auto 1 Speed 1 Speed 

Wheel/Axle - SUV SUV SUV SUV SUV 

Calculated mass kg 2193 2114 2097 1903 1802 

Fig. 7 explains the three vehicle configurations that are simulated on (DIYALAUNV_R) driving cycle for 

obtaining the results of fuel consumption and emissions. Table 6 shows those results, the state of charge (SOC), 

the drive ratio, and many more predictions are obtained as well. 

 



Comparison study of fuel consumption and emissions of HEVs and conventional vehicle in Iraq using real-world cycle 

193 

 

Figure 6. Flow chart of ADVISOR simulation 

 

Figure 7. Vehicles configurations, (A) Conventional, (B) Parallel, (C) Series configurations 

Instrumentations 

The vehicle that recruited to gather the wanted parameters was “Ford Edge SEL 2013”. The “Davis Instruments 

8226 CarChip Pro,” data logger is used for gathering data. The PC with the compatible software is used for 

downloading and processing the saved data. The data logger “CarChip,” which is a multi-purpose tool, can be 

used for logging many details of the trip, such as the date and time, duration, and the distance traveled by the 

vehicle [14]. More than 23 parameters can be logged to indicate the performance of the IC engine and overall 

system, as well as fuel economy and emissions. The CarChip is fabricated and programmed to log several 

parameters, such as vehicle speed, engine speed, throttle position, coolant temperature, engine load, intake 

manifold pressure, fuel pressure, and airflow rate, with the facilities of choosing which unit system to display 

the parameters in (i.e., US system, metric system or SI units). The speed, acceleration, and deceleration 

thresholds can also be altered. [23]. The trips can also be viewed as reports or plots other than as tables. 

THEORY AND CALCULATIONS 

Some of the implicitly-utilized formulas in ADVISOR are used to calculate the power demand required to 

propel the vehicle. The first governing equation is the road load equation [4] [9] [24] [10] which is: 

Road load = (traction force + aero force + rolling force + climbing force) x vehicle speed + auxiliary load      
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Auxiliary load = ACC load1 + accessory load    

𝑝 = (𝑚𝑎 +
1

2
𝐶𝑑𝜌𝐴𝑣2 + 𝜇𝑚𝑔 + 𝑚𝑔 𝑠𝑖𝑛 𝜃) 𝑣      (1 ( 

 𝑎 =
𝑑

𝑑𝑡
(𝑣) =

𝐹

𝑚
   (2)                                 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 = ∫ (𝑣) 𝑑𝑡

𝑡+∆𝑡

𝑡
 (3) 

 𝑆𝑝𝑒𝑒𝑑 𝑟𝑎𝑡𝑖𝑜 =
𝑣𝑒ℎ𝑖𝑐𝑙𝑒 𝑠𝑝𝑒𝑒𝑑 (𝑚/𝑠) ∗𝑔𝑒𝑎𝑟 𝑟𝑎𝑡𝑖𝑜 

𝑤ℎ𝑒𝑒𝑙 𝑟𝑎𝑑𝑖𝑢𝑠 ∗𝑒𝑛𝑔𝑖𝑛𝑒 𝑠𝑝𝑒𝑒𝑑 (𝑅𝑃𝑀)∗ 
2𝜋

60
 
      (4) 

 𝑆𝑂𝐶 =
𝑄𝑟𝑒𝑚𝑎𝑖𝑛𝑖𝑛𝑔

𝑄𝑡𝑜𝑡𝑎𝑙
=

𝐶∗(𝑉𝑜𝑐−𝑉𝑚𝑖𝑛)

𝐶∗(𝑉𝑚𝑎𝑥−𝑉𝑚𝑖𝑛)
=

(𝑉𝑜𝑐−𝑉𝑚𝑖𝑛)

(𝑉𝑚𝑎𝑥−𝑉𝑚𝑖𝑛)
      (5) 

 ∆𝑆𝑂𝐶 =
𝑙𝑜𝑤𝑒𝑟 ℎ𝑒𝑎𝑡 𝑣𝑎𝑙𝑢𝑒(𝑙ℎ𝑣)∗𝑓𝑢𝑒𝑙 𝑚𝑎𝑠𝑠∗0.01

𝑠𝑦𝑠𝑡𝑒𝑚 𝑣𝑜𝑙𝑡𝑎𝑔𝑒∗3600 
𝑠𝑒𝑐

ℎ𝑟
 ∗𝑚𝑎𝑥 𝐴ℎ 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦

      (6) 

 𝑆𝑂𝐶𝑖𝑛𝑡,𝑡+1 = 𝑆𝑂𝐶𝑖𝑛𝑡,𝑡 + 𝑓𝑎𝑐𝑡𝑜𝑟 ∗ ∆𝑆𝑂𝐶𝑡       (7) 

 𝑆𝑂𝐶𝑖𝑛𝑡,0 = ([𝐶𝑆_ℎ𝑖_𝑆𝑂𝐶] + [𝐶𝑆_𝑙𝑜_𝑆𝑂𝐶])/2      (8) 

Table 5. List of constants and abbreviations 

Full expression Abbreviation Unit Value 

Total power demand 𝑝 W Variable 

Calculated vehicle mass 𝑚 Kg Variable 

Vehicle acceleration 𝑎 m/s2 Variable 

Vehicle drag coefficient 𝐶𝑑 - 0.41 

Air density 𝜌 Kg/m3 1.2 

Vehicle frontal area 𝐴 m2 2.6 

Vehicle speed 𝑣 m/s Variable 

Tire rolling resistance 𝜇 - 0.012 

Gravitational acceleration 𝑔 m/s2 9.81 

Road slope angle sin 𝜃 % No grade 

Lower heating value 𝑙ℎ𝑣 J/Kg 42600000 

Fuel density Fuel density Kg/lit 0.749 

State of charge 𝑆𝑂𝐶 % Variable 

Auxiliary loads are considered 

dependently to the vehicle body 

style and weight 

𝑎𝑢𝑥𝑖𝑙𝑖𝑎𝑟𝑦 𝑙𝑜𝑎𝑑𝑠 W Variable 

 

The reduction of fuel consumption and emissions is evaluated using equations (9-10): 

𝐹𝑢𝑒𝑙 𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 𝑅𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛 = (
𝑓𝑢𝑒𝑙 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 {𝑜𝑙𝑑}−𝑓𝑢𝑒𝑙 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 {𝑛𝑒𝑤}

𝑓𝑢𝑒𝑙 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 {𝑜𝑙𝑑}
) ∗ 100 %  (9) 

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 𝑅𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛 = (
𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 {𝑜𝑙𝑑}−𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 {𝑛𝑒𝑤}

𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 {𝑜𝑙𝑑}
) ∗ 100 %    (10) 

RESULT VALIDATION 

A comprehensive lock at the simulation results is needed, and an actual action should be performed 

 
1 air conditioning load ACC is a significant term that should be considered because data gathering is achieved 

during hot summer days. 
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immediately to validate these results. The validation process is represented by documenting the actual fuel 

consumption of the recruited vehicle via a traditional approach that has been explained in detail [25]. The 

precision of the simulation process for the conventional vehicle was approximately 98.9699%; in which the 

manually-recorded gasoline refueled by the driver is 46 liters, meanwhile, the traveled distance is 

approximately 206 km, and A/C is turned on. In other words, the actual fuel consumption is 22.33 lit/100 km. 

Therefore, the precision is determined by Equation (11):  

𝑝𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 = (
𝑓𝑢𝑒𝑙 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 𝑖𝑛𝑑𝑢𝑐𝑒𝑑 𝑓𝑟𝑜𝑚 𝑡ℎ𝑒 𝑠𝑖𝑚𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑝𝑟𝑜𝑐𝑒𝑠𝑠

𝑎𝑐𝑡𝑢𝑎𝑙 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑓𝑢𝑒𝑙 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛
) =

22.1  𝑙𝑖𝑡/100 𝐾𝑚

22.33  𝑙𝑖𝑡/100 𝐾𝑚
=  0.9897 (11) 

Thus, simulation of the conventional vehicle configuration is considerably validated. 

Although a gap is observed between the specifications measured in the laboratory test that declared by the 

automobile manufacturers (on window stickers specifications) and those measured on the real driving cycle in 

terms of fuel consumption and emissions [26-31], the tested HEVs still have advantages over conventional 

vehicles. 

RESULTS AND DISCUSSION 

The simulation results of configured hybrid electric and conventional models are illustrated in  Fig. 8 and Fig. 

9. The parallel HEV shows significant fuel consumption and emissions reductions based on driving response 

that mostly emulates city activities. However, the series hybrid vehicle offers the highest reductions. 

Table 6. Simulation results 

Parameters Vehicle Configurations 

 Unit Conventional Parallel 

HEV1 

Parallel 

HEV2 

Series 

HEV1 

Series 

HEV2 

Final drive ratio - 9 : 1 9 : 1 9 : 1 8.1 : 1 8.1 : 1 

Fuel consumption lit/100 Km 22.1 16 14.7 11.7 10 

Fuel consumption 

reduction 
% 0 27.6 33.5 47 54.7 

Final  SOC % - 0.56 0.57 0.41 0.79 

Acceleration time (0-

96.6 km/h) 
second 11.1 9.4 11 9.9 10.2 

Acceleration time 

(64.4-96.6 km/h) 
second 6.8 5 6.2 5.1 5.3 

Acceleration time (0-

137 km/h) 
second 30.7 23.4 29.3 25.5 27.9 

Max acceleration across 

the driveline 
m/s2 4.7 4.7 4.7 4.7 4.7 

Max speed across the 

driveline 
Km/h 220 214.9 190.6 157.5 154.5 

HC emission grams/km 0.656 0.39 0.333 0.126 0.201 

HC emission reduction % 0 40.5 49 80.8 69 

CO emission grams/km 1.799 1.013 0.885 0.453 0.824 

CO emission reduction % 0 43.7 50.8 74.8 54 

NOx emission grams/km 0.995 0.735 0.67 0.222 0.416 

NOx emission reduction % 0 26 32.6 77.7 58 

Table 7. Total energy usage during the trips from tank-to-wheel (power mode only) 

Parameters Vehicle Configurations 

 Unit Conventional Parallel 

HEV1 

Parallel 

HEV2 

Series 

HEV1 

Series 

HEV2 



Comparison study of fuel consumption and emissions of HEVs and conventional vehicle in Iraq using real-world cycle 

196 

 

Energy to ICE  MJ 1214.2 877.38 809.07 644.16 550.05 

Avg. ICE Eff.  % 16 23 23 28 33 

To torque converter MJ 174.55 175.84 173.65 - - 

Avg. Torque converter 

Eff. 
% 87 83 84 - - 

To generator  MJ - - - 183.18 181.94 

Avg. generator Eff. % - - - 95 95 

To ESS MJ - 25.40 24.71 120.44 132.64 

Avg. ESS Eff. % - 90 91 87 86 

To motor controller MJ - 13.47 13.07 166.40 156.71 

Avg. motor Eff.  % - 48 57 83 83 

To wheel/Axle MJ 145.53 140.94 139.99 130.87 123.99 

Auxiliary load MJ 24.65 17.255 17.255 17.255 17.255 

Loss Vs. aero load MJ 30.26 30.26 30.26 30.26 30.26 

Loss Vs. rolling load MJ 44.83 42.886 42.54 38.60 36.56 

Overall system Eff. % 6.2 8.3 9 10.6 12.2 
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The tank-to-wheel energy flow during the traction mode for the five simulated models is reported at each 

configuration component as in Table 7. The conventional vehicle consumes over the cycle approximately 1214 

MJ total chemical energy at the fuel tank, while the series HEV2 consumes about 550 MJ. This considerable 

decrease in energy consumption interprets the high fuel consumption reduction of 54.7% achieved by the series 

HEV2, and it is owing to; better ICE-operating points, no-idling, regenerative braking, and hence higher overall 

system efficiency. In the case of conventional configuration, higher energy losses are involved over the 

powertrain. 

However, the improvement of the series hybrid models over the parallel ones is due to the better electric motor 

performance and frequent stops driving pattern other than the aforementioned factors. Both the series HEV1 

and HEV2 offer higher EM efficiencies of 83% than the parallel HEV1 and HEV2 that offer EM efficiencies of 

48% and 57% respectively. 

Excluding the auxiliary load loss, the conventional vehicle has to burn about 38 liters (1214 MJ thermal energy) 

over the cycle just to deliver mechanical energy of approximately 145 MJ at wheel/axle (including; traction, 

aerodynamic, and rolling losses). While in the case of series HEV2, approximately 124 MJ mechanical energy 

is expended at the wheel to drive the vehicle, this energy is produced due to burning a gasoline amount only 

45% of that burned in the case of the conventional vehicle. 

Eliminating idle mode as well as the developed control strategy of the electrified vehicles serve to enhance the 

average engine efficiencies; in which the conventional vehicle is reported with a 16%-average engine 

efficiency, whereas the lower average engine efficiency of the electrified vehicles is 23% offered by the parallel 

HEVs, and the higher one is offered by the series HEV2 (33%).  

 

Figure 8. Fuel Consumption Comparison 
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Figure 9. The Emissions Comparison 

The parallel HEV1 shows a reduction in fuel consumption of 27.6% when compared with the consumption of 

the conventional vehicle as shown in Fig. 10. Regarding emissions, Fig. 11 shows the reduction of emissions 

that are documented as 40.5%, 43.7%, and 26% for HC, CO, and NOx, respectively. Moreover, the other model 

“parallel HEV2” indicates that downsizing the engine could improve fuel economy (FE) of the parallel HEV on 

“DIYALAUNV_R” driving cycle, whereas the fuel consumption reduced from 16 lit/100 km for the parallel 

HEV1 to 14.7 lit/100 km for the parallel HEV2 (33.5% fuel consumption reduction rather than 27.6%) due to 

downsizing the fuel converter from 150 kW peak power into 130 kW peak power as stated in Fig.13 and Fig. 

14. The enhanced FE for both parallel models is attributed to the lesser running time for the IC engine, that 

because of the large portion of the trip's duration was met by the electric drivetrain. The wheel load demand is 

below the power threshold of the control strategy; thus, no need to turn-on the IC engine. The regenerative 

braking system is vigorously employed as well. Utilizing a smaller engine can improve FE, but it would be at 

the expense of energy storage system size (ESS) and the state of charge (SOC). 

 

Figure 10. Fuel Consumption Reduction Comparison 
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Figure 11. The Emissions Reduction Percentage 

Emissions of the parallel HEV2 have also revealed a reduction in comparison to the conventional vehicle as 

49%, 50.8%, and 32.6% for HC, CO, and NOx respectively. The released emissions are necessarily reduced due 

to the improvement in FE even though that pollutant emissions (including HC, CO, and NOx) are mainly 

affected by the IC engine-transient conditions. 

The significant reductions in fuel consumption and emissions for the parallel HEV1 and parallel HEV2 are 

predicted. Higher improvements for fuel consumption and emissions can be achieved by utilizing the series 

HEVs. The simulation results of the series HEVs 1 and 2 reveal higher improvement for FE than that for the 

parallel HEVs 1 and 2. Series HEV1 offers a fuel consumption reduction of 47% when compared to the 

conventional counterpart. However, the best reduction in fuel consumption (54.7%) was achieved when 

utilizing the series HEV2, which involves an IC engine of peak power only 20% of that involved in the 

conventional vehicle, and only about 65% of that involved in series HEV1. Thus, advancement is predicted for 

the series configuration over the parallel configuration because of that the simulation was implemented on a 

driving cycle composed of 73% city activities. Figs. 12–16 show that series HEVs have the advantage of 

performance over the parallel ones other than the conventional vehicle, particularly for the driving cycle that is 

mostly composed of city activities. The torque-rpm maps Fig. 15 and Fig. 16 show another merit for series 

HEVs of imposing the IC engine to operate within the most efficient region. 

 

Figure 12. Engine efficiency map for the conventional vehicle 
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Figure 13. Engine efficiency map for parallel HEV1 

 

Figure 14. Engine efficiency map for parallel HEV2 

 

Figure 15. Engine efficiency map for series HEV1 
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Figure 16. Engine efficiency map for series HEV2 

Consequently, the series HEV1 achieved the best reduction in pollutant emissions of approximately 81%, 75%, 

and 78% for HC, CO, and NOx emissions respectively. Whilst, regarding pollutant emissions, series HEV2 

behaved a bit discrepantly to its economic performance that attained the best fuel economy improvement. 

Although series HEV2 involves smaller IC engine than that of series HEV1, emissions released by series HEV2 

were higher than those of series HEV1; in which series HEV1 released over the cycle (172.3 km) 21.7 grams 

HC, 78 grams CO, and 38.25 grams NOx, whereas series HEV2 released 34.63 grams HC, 142 grams CO, and 

71.68 grams NOx. The increased emissions may be attributed to the frequent start-stops other than transients of 

the IC engine to maintain the battery SOC. 

CONCLUSION 

In this study, many models were simulated under (DIYALAUNV_R) driving cycle. The results showed that 

considerable fuel consumption and emissions reductions are achieved when utilizing an engine of peak power 

rated a little more than the half peak power of that involved in the conventional vehicle. The electric motor 

power is selected depending on the utilized IC engine power. Consequently, the predicted fuel economy is the 

best-accepted outcome, not the best-ever one since the latter one would be at the expense of vehicle weight and 

battery cost. The combined powertrain is configured so it can trace the real-world speed profile with no miss-

trace occurred. On the other hand, the model does not emulate the most modern hybridization technology which 

may involve more vehicle weight, viz., the configured components specifications are for the purpose of making 

a comparison under the real driving conditions, not for mimic the state-of-art specifications. Even so, the two 

predicted outcomes are not significantly variant, and the fuel consumption differences are marginal. 

Inevitably, the frequent stops cycle (city driving patterns) under which the study is conducted, is the key factor 

that results in the significant fuel consumption reduction. The lowest fuel consumption reduction is achieved by 

parallel HEV1, whereas the highest reduction is achieved by series HEV2. The fuel economy improvements of 

the HEVs over the conventional counterpart are attributed to factors such as; better average engine efficiency, 

eliminated idle mode, regenerative braking, and therefore higher overall system efficiency. 

CO2 will be reduced significantly due to the aforementioned fuel consumption reduction since CO2 formulates 

more than 95% of the gaseous emissions. The remaining 5% of the emissions including HC, CO, and NOx are 

emitted in low concentrations, especially from efficient engines. Otherwise, HC, CO, and NOx emissions are 

transformed into CO2 under ambient conditions. Although these emissions are released in low concentrations 

from automobiles, they have a greater contribution to global warming potential than CO2 emissions do [32]. 
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