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-------------------------------------------------------------Abstract----------------------------------------------------------------- 

 Most ad hoc mobile devices today operate on batteries. Hence, power consumption becomes an important 

issue. To maximize the lifetime of mobile ad hoc networks, the power consumption rate of each node must be evenly 

distributed, and the overall transmission power for each connection request must be minimized. These two objectives 

cannot be satisfied simultaneously by employing normal routing algorithms proposed in past years. In this paper, 

different energy based routing protocols have studied to design efficient energy based routing scheme. The main 

contribution of this paper is to provide an exhaustive survey on the energy-efficient routing protocols for MANETs 

as well as their classification based on its energy efficiency metrics. 
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1.  Introduction 

 Mobile ad hoc mobile network [1] [2] is an 

autonomous system consisting of mobile hosts that do not 

rely on the presence of any fixed network infrastructure. 

Depending on the nodes’ geographical positions, their 

transceiver coverage patterns, transmission power levels, 

and co-channel interference levels, a network can be formed 

and unformed on the fly. This ad hoc network topology 

changes as mobile hosts migrate, “disappear” (failure or 

depletion of battery capacity), or adjust their transmission 

and reception characteristics. The main characteristics of 

mobile ad hoc networks are: 

 Dynamic topology: Nodes are free to move about 

arbitrarily. In addition, radio propagation conditions 

change rapidly over time. Thus, the network topology 

may change randomly and rapidly over unpredictable 

times. 

 Bandwidth constraints and variable link capacity: 

Wireless links have significantly lower capacity than 

wired links. Due to the effects of multiple access, 

multipath fading, noise, and signal interference, the 

capacity of a wireless link can be degraded over time 

and the effective throughput may be less than the radio’s 

maximum transmission capacity. 

 Energy constrained nodes: Mobile nodes rely on 

batteries for proper operation. Since an ad hoc network 

consists of several nodes, depletion of batteries in these 

 nodes will have a great influence on overall 

network performance. Therefore, one of  the most 

important protocol design factors is related to device 

energy conservation. 

 Multi-hop communications: Due to signal propagation 

characteristics of wireless transceivers, ad hoc networks 

require the support of multi hop communications; that is, 

mobile nodes that cannot reach the destination node 

directly will need to relay their messages through other 

nodes. 

 From the above mentioned characteristics a major 

concern in MANET is energy conservation due to the 

limited lifetime of mobile devices. Energy is a precious 

resource in MANET. For many multi-hop scenarios, nodes 

are battery-operated, thus requiring efficient energy 

management to ensure connectivity across the network. 

Numerous energy aware routing protocols have been 

proposed using various techniques such as transmission 

power adjustment, adaptive sleeping, topology control, 

multipath routing and directional antennas etc. But most of 

the methods take into account routing metrics such as delay 

or hop count. They don’t consider about transmission 

energy cost and remaining battery energy. So energy 

efficiency is directly connected to network lifetime or 

network capacity. 

 The main contribution of this paper is to provide an 

exhaustive survey on the energy-efficient routing protocols 

for MANETs as well as their classification based on its 

energy efficiency into three main categories: Power control 

metrics, Remaining battery power and multipath routing 

with reliability. We focus on the techniques these protocols 

use in order to route messages, taking into consideration the 

energy they consume and how they achieve to minimize this 

consumption and extend the lifetime of the network. 

 Moreover, we discuss the strengths and 

weaknesses of each protocol providing a comparison among 

them including some metrics (scalability, mobility, power 

usage, route metric, periodic message type, robustness) in 

order for researchers and practitioners to understand the 

various techniques and thus helping them to select the most 

appropriate one based on their needs. 

 

2.  Energy Efficient Route Selection Policies 
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 Energy efficiency is a critical issue in MANETs 

[3] [4] [5]. The existing energy-efficient routing protocols 

often use residual energy, transmission power or link 

distance as metrics to select an optimal path. In this section, 

the focus is on energy efficiency in MANETs and the route 

selection policies with novel metrics in order to increase 

path survivability of MANETs. The novel metrics result in 

stable network connectivity and less additional route 

discovery operations. 

 The nodes used in a MANET are resource 

constrained, they have a low processing speed, a low 

storage capacity and a limited communication bandwidth. 

Moreover, the network has to operate for long periods of 

time, but the nodes are battery powered, so the available 

energy resources limit their overall operation. To minimize 

energy consumption, most of the device components should 

be switched off most of the time. Another important 

characteristic is that nodes have significant processing 

capabilities in the ensemble, but not individually. Nodes 

have to organize themselves, administering and managing 

the network all together, and this is much harder than 

controlling individual devices. 

 Furthermore, changes in the physical environment, 

where a network is deployed, make also nodes experience 

wide variations in connectivity and thus influencing the 

networking protocols. The main design goal of MANETs is 

not only to transmit data from a source to a destination, but 

also to increase the lifetime of the network. This can be 

achieved by employing energy efficient routing protocols. 

Depending on the applications used, different architectures 

and designs have been applied in MANETs. The 

performance of a routing protocol depends on the 

architecture and design of the network, and this is a very 

important feature of MANETs. However, the operation of 

the protocol can affect the energy spent for the transmission 

of the data. There are some terms related to the energy 

efficiency on MANETs [6] that are used to evaluate the 

performance of the routing protocols are as follows:   

 Energy per Packet: This term is referred to the amount 

of the energy that is spent while sending a packet from a 

source to a destination. 

 Energy and Reliability: It refers to the way that a trade 

off between different application requirements is 

achieved. In some applications, emergency events may 

justify an increased energy cost to speed up the reporting 

of such events to increase the redundancy of the 

transmission by using several paths. 

 Network Lifetime: In MANETs, it is important to 

maximize the network lifetime, which means to increase 

the network survivability or to prolong the battery 

lifetime of nodes. Moreover, the lifetime of a node is 

effectively determined by its battery life. The main 

drainage of battery is due to transmitting and receiving 

data among nodes and the processing elements. 

 Average Energy Dissipate: This metric is related to the 

network lifetime and shows the average dissipation of 

energy per node over time in the network as it performs 

various functions such as transmitting, receiving, 

sensing and aggregation of data. 

 Low Energy Consumption: A low energy protocol has 

to consume less energy than traditional protocols. This 

means that a protocol that takes into consideration the 

remaining energy level of the nodes and selects routes 

that maximize the  network’s lifetime is considered 

as low energy protocol. 

 Distance: The distance between the transmitter and 

receiver can affect the power that is required to send and 

receive packets. 

 The selection of the energy efficient protocols in 

MANETs is a really critical issue and should be considered 

in all networks. The main objective of current research in 

MANET is to design energy-efficient routing  protocols that 

could support various aspects of network operations. So, 

techniques and protocols that would consider energy 

efficiency and transmit packets through energy-efficient 

routing protocols and thus prolonging the lifetime of the 

network, are required. The potential task of the protocols is 

not only to find the lowest energy path from a source to a 

destination, but also to find the most efficient way to extend 

the network’s lifetime. The continuous use of a low energy 

path frequently leads to energy depletion of the nodes along 

this path and in the worst it case may lead to network 

partition.  

 

3. Challenging Factors Affecting the Energy-Efficient 

Routing Protocols Design Issues: 

 MANETs, despite their innumerable applications, 

suffer from several restrictions concerning, mainly limited 

energy deposits, limited processing power, and limited 

bandwidth of the wireless links connecting mobile nodes. 

One of the most significant design goals of MANETs is to 

go through data communication while trying, at the same 

time, to contribute to the longevity of the network and to 

preclude connectivity a basement through the use of 

aggressive energy management techniques.  

 The design of energy-efficient routing protocols in 

MANETs [7] is influenced by many factors. These factors 

must get over before efficient communication can be 

achieved in MANETs. Here is a list of the most common 

factors affecting the routing protocols design: 

  

 • Node Deployment 

 • Node/Link Heterogeneity 

 • Energy Consumption Without Losing 

 Accuracy 

 • Scalability 

 • Network Dynamics 

 • Fault Tolerance 

 • Connectivity 

 • Transmission Media 

 • Quality of Service 

 

 Because of all these disparities, several new 

routing mechanisms have been developed and proposed to 

solve the routing problem in MANETs. These routing 

mechanisms have taken into account the inherent features of 

MANETs along with the application and architecture 

requirements. A high efficient routing scheme will offer 

significant power cost reductions and will improve network 
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longevity. Finding and maintaining routes in MANETs is a 

major issue since energy constraints and unexpected 

changes in node status (e.g., inefficiency or failure) give rise 

to frequent and unforeseen topological alterations. Routing 

techniques proposed in the literature for MANETs employ 

some well-known routing tactics, suitable for MANETs, to 

minimize energy consumption. 

 

4.  Energy efficient routing protocols: 

 In this section the literature survey of energy 

efficient routing techniques are discussed to extend the 

lifetime of the network.  

 MTPR (Minimum Total Transmission Power 

Routing) [8] finds the path with the minimum power 

consumption. MTPR considers the SNR (signal to noise 

ratio) and sets a threshold (BER, Bit Error Rate) in order to 

select a path in which each link in the selected path satisfies, 

where SNR is the signal-to-noise ratio; i and j are the 

sending and the receiving nodes, respectively; Pi is the 

transmitting power of the sending node; Gi,j is the 

enhancement of the link between nodes i and j; µj is the 

noise detected by the receiving node; k is a neighbouring 

node of the receiving node; and βj is the threshold BER. A 

sending node can determine the minimum power necessary 

to transmit packets in order to minimize power 

consumption. To find the path with the minimum power 

consumption, MTPR collects all the paths in which each 

link in a path satisfies SNR and Pl, where Pl is a path in 

which each link satisfies SNR. Accordingly, MTPR selects 

from all paths the one path that consumes the minimum 

power, as shown in P(𝑟0) 

 

 SNRj = 
𝑃𝑖 𝐺𝑖𝑗

∑ 𝑃𝑘𝐺𝑘𝑗+µ𝑗𝑘≠𝑖
>  𝛽j (BER)                        

 

Pl =∑ 𝑃(𝑛𝑖, 𝑛𝑖+1)𝑑−1
𝑖=0  𝑓𝑜𝑟 𝑎𝑙𝑙 𝑛𝑜𝑑𝑒 𝑛𝑖 𝜖 𝑟𝑜𝑢𝑡𝑒 𝑙        

  

  P(𝑟0) = min
𝑙∈𝑟∗

𝑃𝑙   

 MTPR causes the nodes in the routing path to use 

less transmission power in order to reduce power 

consumption. However, the decreased transmission power is 

significantly related to the threshold;  that is, if the threshold 

is too high, a path in which the links satisfy SNR may not 

be found. If the threshold is too low, the decreased 

transmission power may result in poor transmission 

bandwidth, resulting in increased transmission delay and 

power. With power control, a receiving node can easily 

move out of the communication range of a sending node, 

leading to path breakage because of the mobility of the 

nodes.  

 The Minimum Battery Cost Routing (MBCR) [9] 

takes into account the remaining power of nodes to prolong 

network lifetime by selecting one path with the maximum 

remaining power from all available paths. To find the path 

with the maximum remaining power, MBCR calculates the 

sum of the remaining power of each node in a path, using 

Eq. (4) and (5) 

𝑓𝑖 (𝑡) =  
1

𝐶𝑖(𝑡)
 

𝐵 (𝑟𝑑 ) =  ∑ 𝑓𝑖  

𝑑

𝑖=0

(𝑡) 

B(r0)= min
𝑟𝑑∈𝑟∗

(𝐵(𝑟𝑑)) 

 

 where Ci(t) is the remaining power of node i at 

time t and B(rd) is the sum of the inverse of the remaining 

power of nodes in path d. MBCR uses Eq.(6) to select from 

set r* of all paths the path B(ro) with the maximum 

remaining power. Although MBCR uses the inverse of the 

remaining power of the nodes in a path to select the desired 

path, the selected path may have a node with low remaining 

power. This may cause path breakage during data 

transmission. 

 Vergados et al. proposed xMBCR [10], which is an 

improved version of MBCR and MMBCR, to have higher 

network lifetime than MBCR and MMBCR. xMBCR 

modifies the battery cost function of MBCR, as shown in  

𝑓𝑖 (𝑡) =  (
1

𝐶𝑖(𝑡)
)

𝑝

 

 where Ci(t) is the remaining power of node i at 

time t and p is a constant. When p is 1, the battery cost 

function of xMBCR is equal to the one of MBCR. In 

addition, when p is equal to zero, xMBCR can find the 

shortest routing path. When p grows, the behaviour of 

xMBCR is more and more similar to MMBCR. When p is 

approaching to an infinite quantity, xMBCR is almost equal 

to MMBCR. Therefore, with the adjustment of the p value, 

xMBCR has higher network lifetime than MBCR and 

MMBCR. 

 The Min–Max Battery Capacity Routing 

(MMBCR) [11] selects the path in which the minimum 

remaining power of nodes in this path is greater than the 

maximum remaining power in other paths, using 

    

𝑃𝑀𝑀𝐵𝐶𝑅 =  min
𝑅 ∈ 𝑆

[max
𝑛∈𝑅 

1

𝐵𝐶𝑛

] 

 

 where S is the set of all paths, R is a path, and BCn 

is the remaining power of node n. In MMBCR, a routing 

path that contains a node with low remaining power can be 

avoided. However, MMBCR does not take transmission 

power into account. 

 To solve this problem, Condition Min–Max 

Battery Capacity Routing (CMMBCR) [12] which considers 

both the power consumption during data transmission and 

the remaining power of nodes, was proposed. Taking into 

account the transmission power and the remaining power, 

CMMBCR combines MBCR and MMBCR. CMMBCR has 

a pre-defined threshold for the remaining power of nodes. 

When the remaining power of a node is greater than the 

threshold, the MTPR protocol is used to reduce power 

consumption. However, when the remaining power of nodes 

is less than the threshold, the MMBCR protocol is used to 

prevent nodes with low remaining power from becoming a 

part of the routing path.  

 The Minimizing the Maximum used Power 

Routing (MMPR) [13] selects the path that has minimum 

power consumption for data transmission by finding all the 
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routing paths from a source node to a destination node and 

calculating the power consumed by each path. In addition, 

MMPR also takes into account the power consumption of 

each node to balance the total power consumption, so the 

result is network lifetime is increased. In the path discovery 

phase, MMPR computes the power consumption of each 

node for data transmission to obtain the total power 

consumption of a routing path using 

B(r0)= min
𝑟𝑑∈𝑟∗

(𝐵(𝑟𝑑)) 

  where B(rd) is the power consumption of path rd 

and r is the set of all paths. With regard to the balance of 

power consumption of the nodes, MMPR computes the 

“loading value” of a node by taking into account the 

remaining power, transmission power, receiving power, 

overhearing power, and threshold value. If the loading value 

of a node is larger than that of another node, then the node 

consumes more power. To balance the power consumption 

of nodes in a network, a node with a high loading value has 

a low probability of being a part of the routing path. In 

MMPR, although the power consumption for data 

transmission and the balance of power consumption among 

nodes are taken into account, the result depends on the 

threshold value. If the threshold is too high, the routing path 

may be difficult to construct. By contrast, if the threshold is 

too low, the effect of balancing the power consumption may 

not be obvious. Channel contentions and transmission 

bandwidth are not considered in MMPR. 

 Gomez et al. Proposed [14] the PARO protocol 

which evaluates the distance between two nodes to 

determine the transmission power needed to reduce power 

consumption. In PARO, it is assumed that each node can 

directly communicate with all the other nodes in the 

network (a one-hop network). A sending node uses the 

maximum power to transmit the first packet to the 

destination node. After the source node transmits the first 

packet to the destination node and receives the ACK packet 

successfully, the source node can use d4 and Tmin to 

determine the distance from itself to the destination node, as 

well as the minimum power needed for data transmission to 

the destination node. Here d is the distance between the 

source node i and the destination node j; Ti,j is the power 

consumed to send a packet from node i to node j; Ri,j is the 

signal strength of packets that are received by node j and 

that are sent by node i; Gt and Gr are the antenna gains of 

the sender and the receiver, respectively; and ht and hr are 

the antenna heights of the sender and the receiver, 

respectively. In addition, in Tmin, for node i, Rmin i is the 

minimum received power strength of the received packets 

sent by receiving node j and Tmin i,j is the minimum power 

needed for transmitting packets from node i to node j. 

d4 =  
 𝑇𝑖,𝑗𝐺𝑡𝐺𝑟ℎ𝑡

2ℎ𝑟
2

𝑅𝑗,𝑖
 

𝑇𝑖,𝑗
𝑚𝑖𝑛 =

𝑅𝑖
𝑚𝑖𝑛𝑑4

𝐺𝑡𝐺𝑟ℎ𝑡
2ℎ𝑟

2
 

 In addition, because the network is fully connected, 

other nodes in the network also receive the data packet sent 

by the sending node and the ACK packet issued by the 

receiving node. Therefore, using the above equations a node 

can determine whether less power is consumed when a 

source node transmits a data packet through it to the 

destination node or when a source node transmits a data 

packet to the destination node directly. If the source node 

transmitting data via that node consumes less power, the 

node broadcasts a message to the source and the destination 

nodes to help with data transmission. After the source and 

the destination nodes receive the message from the node, 

the source and the destination nodes can modify the data 

transmission with the help of the mobile node. 

  

 Wang et al., proposes ES-AODV [15] to reduce 

power consumption, it uses the relationship between the 

distance and signal strength to determine the minimum 

power for data transmission. To prevent transmission failure 

due to signal decay, ES-AODV takes the desired received 

power strength P0 and divides it by the signal decay ratio to 

obtain the minimum data transmission power Pmin. 

Accordingly, to transmit data, ES-AODV selects from all 

available paths the one path that consumes minimum power, 

as shown in Eq., where P(i,j) is the power consumed in 

transmitting data from node i to node j, n is the number of 

nodes in path l, and P(l,n) is the power consumed in 

transmitting a packet along path l. When the signal decay 

ratio (SAR) is taken into account, the power P_ (l,n) 

consumed in transmitting a packet along a routing path is as 

shown in Eq. 

 

P(l,n) = ∑ 𝑃(𝑖,𝑖+1)
𝑛−1
𝑖=1  

P`(l,n) = ∑ 𝑃𝑚𝑖𝑛
𝑛−1
𝑖=1  = ∑

𝑃(𝑖,𝑖+1)

𝑆𝐴𝑅(𝑖,𝑖+1)

𝑛−1
𝑖=1  

 In ES-AODV, the power control method is used 

and the signal decay problem is taken into account to reduce 

power consumption. However, because of the mobility of 

the nodes, the transmission path can be easily broken during 

data transmission. 

 PAMP (Power-Aware Multi-Path routing protocol) 

[16] assumes that the source node knows the amount of 

power consumed in transmitting a unit of data. In the path 

discovery phase, the remaining power of nodes is recorded 

in the RREQ packet. The minimum remaining power of 

nodes in a path is the amount of power available for the path 

for data transmission. After the destination node receives 

the first RREQ, it records the amount of power available for 

a path and computes the amount of data transmitted to 

determine whether the available amount of power can 

complete the data transmission. If the available amount of 

power for the path is not adequate to complete data 

transmission, the destination node waits for the later RREQs 

until the amount of power is available for a path that 

satisfies the data transmission or until all RREQs arrive at 

the destination. The destination node also records all paths 

which the received RREQs have taken. After finding the 

desired path or after receiving all RREQs, the destination 

node replies by sending the RREPs for all recorded paths to 

the source node in order to construct multiple paths. During 

data transmission, if path breakage occurs, PAMP uses 

another path to continue the data transmission. PAMP 

constructs multiple paths so that data transmission can 

continue if path breakage occurs. However, the transmission 

bandwidth of the alternative paths may decrease, causing 
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more power to be consumed because of the mobility of the 

nodes. 

 REAR (Reliable Energy Aware Routing protocol) 

[17] finds a stable path in order to reduce the number of 

path breakages. In the path discovery phase, REAR 

excludes the nodes with low remaining power so that nodes 

in the found path have enough power to complete data 

transmission. In addition, REAR also finds another backup 

path that can continue data transmission if path breakage 

occurs. With the backup path, the rerouting overhead due to 

path breakage can be reduced. However, the backup path 

may be broken or have low transmission bandwidth if it is 

used to transmit data. 

 LAMOR (Lifetime-Aware Multipath Optimized 

Routing) [18] takes into account multimedia data for 

transmission. To prolong network lifetime, LAMOR uses 

multiple disjoint paths to transmit data simultaneously in 

order to prevent the nodes in a routing path from consuming 

too much power. In LAMOR, the threshold value of the 

remaining power is used to exclude the nodes with low 

remaining power from being a part of the path. When the 

remaining power of a node is less than the threshold, the 

node goes into sleep mode in order to save power. During 

the path discovery phase in LAMOR, each node helps to 

transmit a RREQ once to reduce the overhead for 

discovering multiple paths. After the destination node 

receives multiple RREQs, multiple disjoint paths are 

discovered. LAMOR uses the rate allocation algorithm to 

distribute mass data flow in multimedia data transmission. 

Meng Li, et.al. proposed a protocol Energy-aware 

Multipath routing Protocol (EMPR) [19] for MANET. In 

this scheme by sharing information among physical layer, 

MAC sub-layer and network layer, EMPR efficiently 

utilized network resources. EMRP calculates weight (w) of 

each node along the path to makes a decision to select that 

path.  

 

W= ∑ (𝛼 × 𝑊𝑒𝑛𝑒𝑟𝑔𝑦
𝑖𝑛

𝑖=1 +  𝛽 ×  𝑊𝑞𝑢𝑒𝑢𝑒
𝑖 ) 

EMPR sorts all available routes in an ascending 

order of W and takes the top N sets of routes as primary 

paths to transmit data and take next N sets of routes as 

backup paths. Simultaneously transmitting packets along 

these routes need extend the lifetime of node and whole 

network.  

Multipath Energy-Efficient Routing Protocol  

(MEERP)  is proposed in [20]. The protocol selects energy-

efficient and node disjoint paths based on the residual 

energy and successful transmission rate. In this protocol 

only a single path is used at data transmission from the 

multiple paths. Simulation result of the protocol shown that 

the protocol increases network lifetime but packet delivery 

ratio is less. 

 Omar Smail et al. [21], propose a new algorithm 

called Ad Hoc On-Demand Multipath Routing with 

Lifetime Maximization (AOMR-LM), which preserves the 

residual energy of nodes and balances the consumed energy 

to increase network lifetime. To define the node energy and 

average energy path as shown below 

 

𝑒𝑎𝑣𝑒𝑟𝑎𝑔𝑒𝑁𝑒𝑡(𝑃(𝑢0, 𝑢𝑛)) =  
𝑒𝑠𝑢𝑚 (𝑃𝑖(𝑢𝑜 ,𝑢𝑛))

∑ 𝑃𝑙(𝑢0, 𝑢𝑛)̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅
 

 

𝑒𝑙𝑒𝑣𝑒𝑙
𝑢0,𝑢𝑛(𝑢𝑗) =

𝑤(𝑢𝑗)

𝑒𝑎𝑣𝑒𝑟𝑎𝑔𝑒𝑁𝑒𝑡(𝑃(𝑢0, 𝑢𝑛))
 

 

Based on the individual nodes energy level the 

average energy path level is defined to select best path to 

transfer the data during communication .The authors 

introduce threshold and co-efficient factors for selecting 

homogenous paths in terms of energy. However, reliability 

of the link and transmission energy cost are taken into 

account for path selection, they minimizes to network 

partitioning and re-route discovery.  

 Minimum Transmission Power Consumption 

Routing protocol (MTPCR) [22], takes into account high 

transmission bandwidth as a path selection parameter. 

MTPCR considers power consumption, distance and 

transmission bandwidth for discovers the desired routing 

path that has reduced power consumption during data 

transmission. Also path maintenance mechanism to 

maintain good path bandwidth and efficiently reduces 

number of path breakages. Thus, little additional overhead 

is required for the computation of the transmission 

bandwidth in the route discovery process. 

 Localized Energy-Aware Restricted 

Neighbourhood routing (LEARN) [23], consider critical 

transmission radius and energy mileage to guarantee 

energy- efficiency in route selection. This protocol is based 

on geographical localized routing, so the routing decision 

only uses local information of distance and energy 

consumption. Thus, mobility and link cost is taken into 

account for optimal path selection, this avoids path failures 

and congestion. 

 Sungoh kwon et al. [24] presented a novel Energy-

efficient Unified Routing (EURo) algorithm that adapts to 

varying wireless environments. This algorithm takes into 

account four key wireless system elements such as 

transmission power, interference, residual energy and 

energy replenishment in great manner. Based on the above 

key factors the algorithm calculates weight vector for 

energy replenishment and link scheduling. The interference 

level also considered as main factor for classifying the 

nodes on the path, Hence, this algorithm is capable for large 

scale networks in terms of topology changes and energy 

conservation. 

 Chi Ma and Yuanyuan Yang introduce Battery-

Aware Routing Scheme  

(BAR) [25] and prioritized BAR for wireless ad hoc 

networks. This scheme implements battery awareness in 

routing protocols. By dynamically choosing the devices 

with well-recovered batteries as routes and leaving the 

fatigue batteries for recover. The BAR scheme can 

effectively recover the device’s battery capacity to achieve 

higher efficiency. This BAR & PBAR scheme increases 

network lifetime and data throughput up to 28% and 24% 

by considering energy consumption and distance, but it 

could fail to support link reliability and mobility. 

 Javad Vazifehdan et al. [26] propose two novel 

energy aware routing algorithms called Reliable Minimum 
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Energy Cost Routing (RMECR) and Reliable Minimum 

Energy Routing (RMER). RMECR select paths based on its 

remaining battery energy, energy consumption and quality 

of links. RMER finds routes minimizing the total energy 

required for end-to-end packet traversal. Both schemes 

considers minute details such as energy consumption of 

processing elements, Limited number of retransmissions, 

packet sizes, Link weight , expected energy cost into detail. 

This reduces delay in finding path and support bandwidth 

constraints. 

 Young-Min Kim presented Ant Colony 

Optimization based Energy Saving Routing (A-ESR) [27] to 

overcome the energy-consumption minimized network 

(EMN) problem. The A-ESR scheme introduces the traffic 

centrality concept to measure traffic volumes along the 

nodes on the route. Based on the above factor every node on 

the path determines delay information and chooses lightly-

loaded links for transmission. It balances the traffic load 

efficiency, but fails to support minimizing energy 

consumption and remaining battery energy. 

 

5.  Comparisons of energy efficient routing protocol 

schemes 

 This section provides a qualitative and theoretical 

comparison of above mention energy efficient routing 

protocols to extend the lifetime of the node in MANETs. 

The key differences among the routing protocols lie in the 

method of energy factor estimation and the decision on 

route selection based on energy cost for transmission, 

residual battery energy, link reliability and number paths 

selected for transmission, routing overheads and scalability. 
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Table-1 : Energy efficient routing protocol comparison: 

 

Routing Protocol 

Scheme 

Route metric Route 

Discovered 

Scalability Routing 

Overhead 

MTPR Signal to noise ratio & Bit error rate is 

considered 

Single Low High 

MBCR Nodes with high remaining power is 

considered 

Single Low High 

xMBCR Nodes with high remaining power and 

transmission cost is considered 

Single Low High 

MMBCR Paths with high remaining battery energy 

is selected 

Single Limited High 

CMMBCR Combines MTPR and MMBCR Single Limited High 

MMPR Based on the Load value of the node 

power consumption is taking into account 

Single Limited High 

PARO Distance and minimum power strength is 

considered 

Single Good High 

ES-AODV Distance and signal strength are 

considered to determine the minimum 

power for data transmission 

Single Low Optimum 

PAMP Transmission energy cost and minimum 

remaining battery energy cost is 

considered 

Multiple Limited High 

REAR Low energy nodes are excluded and 

provide backup path with less routing 

overhead 

Multiple Limited Low 

LAMOR Remaining battery energy with modes of 

the nodes is considered 

Multiple Good Low 

EMPR Cross layer optimization and node weight 

is considered 

Multiple Limited Optimum 

MEERP Node disjoint paths with residual energy is 

considered 

Multiple Good Low 

AOMR-LM Homogenous path selection is made based 

on link reliability and transmission cost 

Multiple Good Very Low 

MTPCR Based on distance, high transmission 

bandwidth with low overhead is taking 

into account 

Multiple Good Low 

LEARN Consider critical transmission radius and 

energy mileage 

Multiple Good Low 

EURo Transmission power, interference, residual 

energy and energy replenishment is 

considered 

Multiple Good Optimum 

BAR Battery capacity and various mode are 

considered 

Multiple Good Low 

RMECR Energy cost, Residual energy and link cost 

is taken into consideration 

Multiple Good Low 

EMN Transmission cost is calculated based on 

traffic load and remaining battery energy 

Multiple Good Low 
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6.  Conclusion 

 In our days the MANETs have greatly expanded 

playing an important role for the efficient data 

communication selection and their delivery. The energy 

efficiency is a very important issue for the networks 

especially for MANETs which are characterized by limited 

battery capabilities. The complexity and reliance of 

corporate operations on MANETs require the use of energy-

efficient  

 

routing techniques and protocols, which will guarantee the 

network connectivity and routing of information with the 

less required energy. Therefore, the application of the 

proper routing protocol will increase the network lifetime 

and at the same time it will ensure the network connectivity 

and efficient data delivery. This survey addresses the 

important key factors to selecting energy efficient routing 

schemes to prolong the lifetime of the node and network. 
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