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Abstract 

The continuous rise in fuel prices in Indonesia has made fuel efficiency a crucial factor for con-
sumers when selecting vehicles, particularly motorcycles. Automatic scooters with engine ca-
pacities below 160 cc have become increasingly popular in urban areas due to their fuel-saving 
benefits. This study aims to analyze the influence of engine capacity, vehicle weight, and engine 
torque on the fuel consumption of automatic scooters with engine capacities ranging from 109 
cc to 156.9 cc. The study also considers additional performance parameters, including average 
fuel consumption, power output, and Power-to-Weight Ratio (PWR). Using statistical analysis and 
MATLAB-based modeling, the data were classified into three distinct clusters. Cluster 1 com-
prises scooters with engine capacities between 109 and 125 cc; Cluster 2 includes those with 
capacities between 150 and 160 cc; and Cluster 3 represents scooters with unique component 
specifications. The results show that Cluster 2 records the highest average maximum power out-
put at 11.47 kW and torque at 14.25 Nm, while Cluster 1 has the lowest at 6.1 kW and 9.64 Nm, 
respectively. In terms of weight, Cluster 3 is the heaviest, averaging 129.33 kg, while Cluster 1 is 
the lightest at 96.14 kg. Fuel efficiency is highest in Cluster 1 at 55.3 km/L and lowest in Cluster 
3 at 38.67 km/L. Comparative analysis using MATLAB confirms that scooters with lower engine 
capacities and weights tend to be more fuel-efficient, whereas higher engine capacities lead to 
increased torque, power, weight, and fuel consumption. These findings can guide consumers in 
selecting motorcycles that align with their usage needs and assist manufacturers in developing 
more efficient and high-performing scooters tailored to diverse market segments. 
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1. Introduction 
Developing countries, especially in Southeast Asia, use motorcycles as the primary mode of 

transportation, resulting in a significant increase in motorcycle usage alongside rapid economic 
growth and urbanization [1]. In daily travel and mobility across Indonesia, motorcycles are an essen-
tial means of transportation. This is evidenced by the high sales of new motorcycles—particularly 
automatic models—which contribute to more than 85% of total motorcycle sales in the country [2]. 
Indonesia faces significant pressure to reduce its reliance on fossil fuels due to the extensive use of 
motor vehicles, especially in private transportation. According to the Institute for Essential Services 
Reform (IESR) and the Central Statistics Agency (BPS), fuel consumption in Indonesia increased from 
30.41 km/L to 30.57 km/L between 2015 and 2020. During the same period, the number of motorized 
vehicles rose by 77.35%. Worsening environmental problems are largely attributed to greenhouse 
gas emissions, which contribute to climate change. The rise in fuel prices, driven by high import costs 
and increasing demand, further exacerbates environmental challenges. Therefore, understanding 
the factors that influence fuel consumption is crucial [3]. 

Engine capacity, vehicle weight, and torque are key parameters that influence motorcycle per-
formance and fuel efficiency [4], [5]. These parameters have been extensively explored in previous 
studies, especially regarding their impact on fuel consumption across different vehicle categories. 
Among these, motorcycles with engine capacities under 160 cc have gained popularity due to their 
balanced performance, fuel efficiency, and affordability [6]. However, complex engineering chal-
lenges arise in understanding the interrelationship between these factors, necessitating further 
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research [7]. Recent studies have emphasized optimizing engine capacity to improve fuel efficiency 
[8]. Engine capacity is directly related to the volume of the engine cylinder and the power output po-
tential. Larger-capacity engines generally consume more fuel, particularly under high-load condi-
tions. Nevertheless, advancements such as thermal management systems and start-stop technolo-
gies have contributed to reducing fuel consumption even in larger engines [7]. 

Larger engines also tend to produce higher carbon dioxide (CO₂) emissions. Research by 
Deymi-Dashtebayaz et al. (2014) showed that motorcycles with engine sizes ranging from 100 cc to 
150 cc display unique fuel consumption patterns compared to those with larger engines, primarily 
due to differences in engine load and efficiency [9]. Smaller engines typically operate at lower loads 
under normal riding conditions. When engine load is reduced, the engine components work less in-
tensively, lowering internal friction and increasing overall efficiency. This finding is consistent with 
the study by Sign et al. (2016), which found a significant correlation between engine capacity and 
fuel efficiency in small motorcycles [10]. Another critical factor influencing fuel consumption is ve-
hicle weight. Heavier motorcycles consume more fuel due to increased rolling resistance and inertia 
[11]. 

Heavier vehicles, due to their greater inertia and rolling resistance, tend to consume more fuel. 
One effective way to improve fuel efficiency is by reducing vehicle weight. A study conducted by Li 
and Wang (2017) under urban driving conditions found a strong correlation between vehicle weight 
and fuel consumption [12]. To significantly improve fuel economy, weight optimization is essential 
through the use of lightweight materials and design strategies [13, 14]. Enhancing rider comfort and 
ease of use has driven advancements in automatic transmission technology design for motorcycles 
[15]. However, these advancements introduce new complexities in understanding fuel consumption 
patterns due to variations in transmission efficiency and control strategies [16]. Research by Kumar 
et al. [17] highlights a trade-off between engine capacity and fuel efficiency, where increasing engine 
capacity may reduce fuel economy due to higher fuel consumption at elevated power outputs. 

The power-to-weight ratio (PWR) is a critical factor influencing motorcycle performance and 
fuel efficiency [18]. The fundamental principle is that a motorcycle with good acceleration and agility 
has a lighter weight and requires less power to move. However, a higher PWR can negatively affect 
fuel consumption, even though it enhances acceleration and overall performance. This ratio reflects 
the balance between the motorcycle’s weight and the power it produces [19]. Studies by Lasocki 
(2021) have shown that optimizing PWR can improve fuel efficiency without compromising engine 
performance [20]. Torque management is also vital in determining overall fuel efficiency, especially 
in urban riding conditions involving frequent stop-and-go traffic [21]. Engine torque plays a crucial 
role in fuel consumption, as it influences vehicle dynamics, including the ability to reach maximum 
speed and handle inclines. High-torque engines are more efficient when carrying heavy loads or nav-
igating challenging terrain. However, without efficient fuel management technology, this can also 
lead to increased fuel consumption. Recent research on torque control methods has aimed to opti-
mize torque output and minimize fuel consumption during vehicle operation. 

Motorcycles with 110–150 cc engines tend to be more fuel-efficient than those with 150–160 
cc engines, although larger engines typically provide greater power and torque. Generally, the larger 
the engine capacity, the higher the performance and fuel consumption. Good engine performance is 
closely associated with adequate torque. Advanced engine management systems have enabled bet-
ter control over torque delivery, thereby optimizing fuel consumption [22]. These systems are instru-
mental in improving torque control and fuel efficiency [22]. There is a non-linear relationship between 
torque and fuel consumption, with an optimal torque range for achieving maximum fuel efficiency 
[23]. One of the key focuses in improving motorcycle efficiency is addressing environmental con-
cerns and rising fuel costs [24]. According to a study by Ahmed and Rahman [25], optimizing the re-
lationship between engine capacity, vehicle weight, and torque can reduce fuel consumption by up 
to 15% in automatic motorcycles. 

Rising consumer demand for performance has encouraged manufacturers to invest heavily in 
research and development to enhance fuel efficiency [26, 27]. To explore how variables such as en-
gine capacity, weight, and torque correlate, comprehensive data analysis methods—such as corre-
lation matrices, scatter plots, and cluster analysis—are necessary. Overall, motorcycle engine ca-
pacity increasingly influences both performance and fuel consumption. Manufacturers can leverage 
this information to develop strategies for producing fuel-efficient motorcycles, thus supporting envi-
ronmental sustainability and offering economic benefits to consumers [28, 29, 30]. 

Previous studies have rarely utilized software-based analysis methods, making the application 
of MATLAB in this research a distinguishing aspect. The findings of this study are expected to assist 
consumers in making more informed vehicle choices based on their needs, supported by MATLAB-
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based data analysis. The results indicate that clustering and regression techniques implemented in 
MATLAB can offer new insights into the factors affecting motorcycle fuel efficiency. The study con-
cludes that motorcycles with 110–150 cc engines tend to be more fuel-efficient than those with 150–
160 cc engines, while motorcycles with larger capacities provide greater power and torque. 

2. Methods 
The appropriate methodology for this research involves several stages of quantitative and sta-

tistical analysis. The following is an outline of the method applied: 

 
Figure 1. Research flow diagram 

2.1. Data collection 
The range of engine capacities, vehicle weights, and torques in this study was selected based 

on the standard specifications of automatic scooters commonly found in Indonesia. Engine capaci-
ties ranged from 110 cc to 160 cc, representing the most widely used categories of automatic scoot-
ers by consumers. Vehicle weights ranged from 90 kg to 130 kg. 

Table 1 and Table 2 present the engine capacity datasets of motorcycles, specifically catego-
rized into the 110–125 cc and 150–160 cc ranges, respectively. The study began by collecting de-
tailed data on various models of automatic scooters, specifically examining their engine capacity, 
vehicle weight, engine torque, fuel consumption, power output, and Power-to-Weight Ratio (PWR). 
This initial step ensured a comprehensive dataset for thorough analysis. 

Table 1. This dataset presents the engine capacities of motorcycles, specifically focusing on those within the 110-125 cc ranges. 

Model 
Engine Cap.  

(cc) 
Curb Weight 

(kg) 
Toque Max 
(Nm/rpm) 

Ave. Fuel Cons.  
(km/L) 

Max. Power 
(kW/rpm) 

PWR  
(kW/kg) 

Honda Beat 109.5 88 9.2 / 6,000 60.6 6.6 / 7,500 0.075 

Honda Scoopy 110 Fi 109.5 95 9.3 / 5,500 59 6.6 / 7,500  0.06947 

Suzuki Nex II 113 93 8.5 / 6,000 44 8.2 / 8,500 0.08817 
Yamaha Grand Fillano 124.86 95 10.4 / 5,000 55.6 6.1 / 6.500 0.06421 

Yamaha Fazzio 124.86 90 10.6 / 4,500 51.6 6.2 / 6500 0.06813 

Yamaha Mio GT 113.7 92 8.5 / 5,000 55 7.0 / 8000 0.07608 
Yamaha FreeGo 125 125 102 9.5 / 5,500 52.7 7.0 / 8000 0.06862 

Suzuki Brugman Street Ex 125 124 111 10 / 5,500 52.6 6.3 / 6.500 0.05675 
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Table 2. The engine capacities of motorcycles datasets, specifically focusing on those within the 150-160 cc range. 

Model 
Engine Cap. 

(cc) 
Curb Weight 

(kg) 
Torque Max 
(Nm/rpm) 

Ave. Fuel Cons.  
(km/L) 

Max. Power 
(kW/rpm) 

PWR  
(kW/kg) 

Honda Vario 160 ABS 156.9 115 13.8 / 7,000 46.9 11.3 / 8,500 0.09826 

Yamaha NMAX 155 155 135 14.2 / 6,500 39.5 11.3 / 8,000 0.0837 

Honda PCX 160 156.9 131 14.7 / 6,500 42.2 11.8 / 8,500 0.09007 
Yamaha Aerox 155 155 125 13.9 / 6,500 43.63 11.3 /8,000 0.0904 

Vespa Sprint 150 155 145 12.7 / 5,750 32.5 8.9 / 7,250 0.06137 

Honda ADV 160 ABS 156.9 133 14.7 / 6,500 45 11.8 / 8,500 0.08872 
Yamaha Lexi LX 155 155 118 14.2 / 6,500 42.2 11.3 / 8,000 0.09576 

Vespa GTS 150 155 150 13.5 / 6,750 39.5 11.5 / 8,250 0.07666 

2.2. Software and tools 
In analyzing the data for this study, MATLAB was used. MATLAB is a software platform designed 

for data analysis, numerical computing, and visualization. It is widely utilized across various fields, 
including engineering, mathematics, and science. 

2.3. Data processing 
To effectively categorize automatic scooters based on fuel efficiency, this study employed the 

K-means clustering algorithm in MATLAB. The elbow method and silhouette score were used to de-
termine the optimal number of clusters. Following this, ANOVA was applied to validate the differen-
tiation among clusters. 

2.4. Descriptive analysis 
Key variables were analyzed using standard statistical metrics, including mean, median, stand-

ard deviation, and range. These descriptive statistics provide an initial understanding of the data dis-
tribution and variation, forming the foundation for more in-depth analysis. 

2.5. Clustering 
Advanced clustering techniques, such as K-means, were used to group the data into distinct 

clusters based on shared characteristics. This step involved determining the optimal number of clus-
ters, revealing natural groupings within the dataset and highlighting similarities and differences 
among motorcycle models. 

𝑋′ =
𝑋 − 𝑋𝑚𝑖𝑛

𝑋𝑚𝑎𝑥 − 𝑋𝑚𝑖𝑛
⁄    (1) 

Here, X′ is the standardized value, X is the original value, Xmin is the minimum value, and Xmax is 
the maximum value in the dataset. This normalization process prevents variables with larger scales 
from dominating the clustering analysis.  

Cluster Analysis: Each cluster was thoroughly analyzed to extract insights into its unique char-
acteristics. This analysis helped identify significant patterns and differences between clusters, 
providing a deeper understanding of how various factors influence fuel efficiency 

2.6. Regression and correlation 
Regression analysis was conducted to explore the relationships between the independent var-

iables (engine capacity, vehicle weight, and engine torque) and the dependent variable (fuel con-
sumption). Correlation coefficients were calculated to quantify the strength of these relationships, 
helping to identify the factors that most significantly impact fuel consumption. 

3. Results and Discussion 
The results of this study, which analyzed the effects of engine capacity, vehicle weight, and en-

gine torque on fuel efficiency using MATLAB, involve several statistical tests to examine the relation-
ships between these variables. The outputs include scatter plots and histograms, which provide both 
visual and statistical insights into the relationships between fuel efficiency and engine capacity, ve-
hicle weight, and engine torque. 
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Figure 2. Correlation heatmap of motorcycle parameters 

The correlation heatmap in Figure 2 illustrates the relationships among engine capacity, vehicle 
weight, engine torque, fuel consumption, power, and the Power-to-Weight Ratio (PWR). Engine ca-
pacity shows a strong positive correlation with torque (0.968) and power (0.9188), indicating that as 
engine size increases, both torque and power also increase. However, engine capacity has a strong 
negative correlation with fuel consumption (-0.8121), suggesting that larger engines are generally 
less fuel-efficient. 

Vehicle weight exhibits a strong positive correlation with engine capacity (0.8826) and torque 
(0.8269), highlighting that heavier motorcycles tend to have larger and more powerful engines. Nev-
ertheless, vehicle weight also negatively correlates with fuel consumption (-0.8491), meaning heav-
ier motorcycles tend to consume more fuel. 

Torque also demonstrates a significant negative correlation with fuel consumption (-0.7153), 
reinforcing the idea that more powerful engines are associated with higher fuel usage. Interestingly, 
power shows a high positive correlation with both engine capacity (0.9188) and torque (0.9164), 
while also displaying a negative correlation with fuel consumption (-0.7907). This indicates that 
power output is a critical factor influencing overall fuel efficiency. 

The Power-to-Weight Ratio (PWR) exhibits a moderate positive correlation with power (0.7351), 
reflecting the performance advantage of motorcycles with higher power relative to their weight. How-
ever, PWR has a weaker correlation with engine capacity (0.5109) and an even lower correlation with 
fuel consumption (-0.3471), suggesting a more complex interplay between weight, power, and effi-
ciency. 

 
(a) (b) (c) 

Figure 3. The influence of engine capacity on fuel efficiency (a), vehicle weight on fuel efficiency (b), and torque 
on fuel efficiency (c) 

The relationship between fuel consumption and engine capacity, torque, and vehicle weight is 
illustrated in Figure 3. Figure 3(a) shows the relationship between fuel efficiency (in km/L) and engine 
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capacity (in cc). The scatter plot displays a clear negative correlation (correlation coefficient: -0.81), 
indicating that as engine capacity increases, fuel efficiency decreases. The trendline highlights this 
inverse relationship, suggesting that motorcycles with larger engine capacities consume more fuel. 
This aligns with the expectation that larger engines require more fuel to generate higher power out-
put, emphasizing the trade-off between performance and fuel efficiency. 

Figure 3(b) explores the relationship between fuel efficiency and vehicle weight. The data re-
veals a strong negative correlation (correlation coefficient: -0.85), indicating that heavier motorcy-
cles tend to have lower fuel efficiency. The downward trendline underscores the impact of weight on 
fuel consumption, as heavier vehicles experience increased rolling resistance and require more en-
ergy to maintain speed. This finding suggests that optimizing weight could be a key strategy for en-
hancing fuel efficiency. 

Figure 3(c) examines the relationship between fuel efficiency and engine torque. The correla-
tion is moderately negative (correlation coefficient: -0.71), indicating that motorcycles with higher 
torque values generally have reduced fuel efficiency. This suggests that engines producing higher 
torque tend to consume more fuel, particularly during acceleration or when carrying heavy loads. 
However, efficient torque management could help mitigate some of these losses, achieving a better 
balance between performance and fuel economy. 

 
Figure 4. Performance comparison: 100 cc–150 cc vs. 150 cc–160 cc 

Figure 4 illustrates a performance comparison between motorcycles with engine capacities of 
100–150 cc and those with 150–160 cc, focusing on four key metrics: engine capacity, vehicle weight, 
engine torque, and average fuel consumption. Figure 4(a) presents a box plot analysis of engine 
torque for motorcycles in the 100–150 cc range compared to those in the 150–160 cc range. While 
Figure 4(b) displays the box plot analysis of engine capacity across both groups, and Figure 4(c) 
shows the box plot analysis of motorcycle weight for the two capacity ranges. Finally, Figure 4(d) pre-
sents the box plot analysis of average fuel consumption for motorcycles in both engine capacity cat-
egories. 

• The influence of engine capacity: The negative regression coefficient for engine capacity (-
0.3199) indicates that average fuel consumption decreases by 0.3199 km/L for every 1 cc 
increase in engine capacity. This means that larger engine capacities are associated with 
lower fuel efficiency. While larger engines typically require more fuel, this coefficient sug-
gests that increases in engine capacity significantly impact fuel consumption. 

• The influence of vehicle weight: The negative regression coefficient for vehicle weight is -
0.3218, indicating that for every 1 kg increase in vehicle weight, average fuel consumption 
decreases by 0.3218 km/L. This demonstrates that heavier vehicles tend to be less fuel-effi-
cient. Reducing vehicle weight is therefore essential for improving overall efficiency, as 
lighter vehicles require less energy to move. 

• The influence of engine torque: The regression coefficient for engine torque is -2.3454, indi-
cating that for every 1 Nm increase in torque, average fuel consumption decreases by 2.3454 
km/L. This substantial coefficient suggests that increased torque significantly reduces fuel 
efficiency. Although torque is critical for performance, especially under heavy loads, it has a 
noticeable effect on increased fuel consumption. 
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Figure 5. Fuel efficiency ranking table 

Figure 5 presents a bar chart ranking various motorcycle models based on their fuel efficiency, 
measured in kilometers per liter (km/L). The chart reveals a clear descending trend: the top-ranked 
motorcycle achieves an impressive fuel efficiency of 60.6 km/L, while the lowest-ranked model rec-
ords only 32.5 km/L. 

This substantial variation in fuel efficiency among different models underscores the impact of 
design choices and engineering optimizations on performance. The top-performing motorcycles 
(ranks 1 to 5) achieve fuel efficiencies above 50 km/L, indicating that these models likely feature op-
timized engine capacities, reduced vehicle weight, and effective torque management. As the rank-
ings descend, fuel efficiency declines—likely due to higher engine loads, increased vehicle weight, 
or less favorable power-to-weight ratios. 

Figure 6 presents five bar charts offering a comparative analysis of three automatic motorcycle 
clusters. The motorcycles are grouped based on torque, power-to-weight ratio (PWR), vehicle weight, 
fuel consumption, and maximum power output. 

 

                          (a)                          (b) 

Figure 6. Average characteristics of each cluster (a), Average torque and PWR of each cluster (b)   
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Figure 6(a) provides an overview of the average characteristics of each cluster, including vehi-
cle weight, fuel consumption, and maximum power. Cluster 1 contains the heaviest motorcycles, 
with an average weight of 126.17 kg and correspondingly lower fuel efficiency at 43.23 km/L. How-
ever, it delivers the highest average power output of 11.47 kW, emphasizing performance. Cluster 2, 
the lightest group at 96.14 kg, achieves the best fuel efficiency of 55.30 km/L but has a lower power 
output of 6.54 kW, highlighting a design focused on efficiency over raw power. Cluster 3, with an av-
erage weight of 129.33 kg and fuel efficiency of 38.67 km/L, strikes a balance between performance 
and weight, delivering an intermediate power output of 8.97 kW. 

Figure 6(b) displays each cluster’s average torque and PWR values. Cluster 1 stands out with 
the highest torque of 14.25 Nm but the lowest PWR of 0.09, indicating a focus on engine torque, po-
tentially at the expense of power-to-weight performance. In contrast, Cluster 2 has a lower torque of 
9.64 Nm and an even lower PWR of 0.07, suggesting a more conservative and efficiency-oriented 
performance profile. Cluster 3, with a torque of 11.57 Nm and a PWR of 0.08, adopts a middle-ground 
approach, balancing torque and power output effectively. 

These findings reveal the trade-offs inherent in motorcycle design. Cluster 1 prioritizes power 
and torque, making it suitable for performance-oriented applications but less fuel-efficient. Cluster 
2 focuses on maximizing fuel efficiency, ideal for urban commuters. Cluster 3 represents a segment 
appealing to specific consumer preferences, where fuel efficiency is not a primary concern due to 
lifestyle choices, brand loyalty, or particular vehicle designs. 

 

                  (a)       (b)       (c)               (d) 

Figure 7. Overview of the average characteristics of each cluster; Trendlines for Power vs. Capacity (a), Torque 
vs. Capacity (b), Efficiency vs. Capacity (c), and Weight vs. Capacity (d) 

Figure 7 provides a comprehensive analysis of how engine capacity influences motorcycle per-
formance, using scatter plots with trendlines. The top three plots illustrate clear trends. First, there 
is a strong positive correlation between engine capacity and maximum power, demonstrating that as 
engine capacity increases, power output also increases—making such motorcycles suitable for per-
formance-focused applications. Similarly, engine capacity shows a strong positive correlation with 
torque, indicating that larger engines generate more torque, which enhances acceleration and load-
handling performance. 

However, a negative correlation exists between engine capacity and fuel efficiency, indicating 
that as engine size increases, fuel efficiency declines. This highlights the trade-off between perfor-
mance and fuel consumption. 

The bottom four plots further detail these trends. The positive correlation between engine ca-
pacity and power reinforces the notion that greater engine size leads to higher power output. The 
correlation between engine capacity and torque confirms the role of engine size in increasing torque 
performance. In contrast, the inverse relationship between engine capacity and fuel efficiency em-
phasizes the efficiency loss associated with larger engines—an important factor for fuel-conscious 
consumers. Finally, the negative correlation between power and fuel efficiency illustrates that in-
creased power typically results in higher fuel consumption, reaffirming the trade-off between perfor-
mance and efficiency. 
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4. Conclusions 
This study comprehensively analyzed the relationships between engine capacity, vehicle 

weight, engine torque, and fuel efficiency in motorcycles using MATLAB for both visual and statistical 
analysis, while excluding external factors such as road conditions, vehicle aerodynamics, and rider 
weight. The results revealed significant correlations among the variables, identifying engine capacity, 
vehicle weight, and torque as key factors influencing fuel consumption. A strong negative correlation 
was observed between engine capacity and fuel efficiency, indicating that larger engines, while of-
fering higher power output, tend to consume more fuel and often result in higher vehicle tax classifi-
cations. Similarly, heavier motorcycles demonstrated lower fuel efficiency due to increased rolling 
resistance, highlighting the importance of weight optimization in improving fuel economy. Higher en-
gine torque was also linked to decreased fuel efficiency, as increased torque demands more fuel, 
especially during acceleration or heavy-load usage; however, proper torque management could help 
mitigate these effects. When comparing models with engine capacities of 100–150 cc and 150–160 
cc, motorcycles with smaller engines generally exhibited better fuel efficiency. Regression analysis 
further confirmed that increases in engine capacity, weight, and torque significantly contribute to 
reduced fuel economy. Fuel efficiency rankings showed substantial variation among models, em-
phasizing the role of design and engineering in achieving optimal performance. Top-performing mo-
torcycles combined smaller engine capacities, lower weights, and efficient torque output to attain 
superior mileage. Therefore, consumers in urban environments are encouraged to opt for lightweight, 
low-capacity motorcycles to enhance efficiency, while those requiring higher performance for long-
distance or heavy-load use may consider models in the 160 cc class. These findings underscore the 
importance of integrating considerations of engine size, weight, and torque into the design of motor-
cycles to meet consumer needs while promoting energy savings and reducing environmental impact. 
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