
Acta Polytechnica Hungarica Vol. 15, No. 6, 2018 

 – 79 – 

Performance Analysis of Smart Grid Solutions 

in Distribution Power Systems 

Nenad Katic 

University of Novi Sad, Faculty of Technical Sciences, Trg Dositeja Obradovica 

6, 21000 Novi Sad, Serbia, nenadkatic@uns.ac.rs 

Abstract: Smart grid solutions are considered as a set of automation and 

telecommunication equipment connected to an intelligent master system, with aim to 

provide higher energy efficiency, optimized grid control and data processing. If applied in 

a power distribution network, it would include a wide set of smart applications for efficient 

operation, analysis, fault management, planning and optimization of grid operation. 

Together with field automation, as substation automation, feeder automation, remote 

terminal units and communication links, they constitute distribution automation 

management systems to provide higher efficiency and reduce cost of grid operation. In this 

paper, benefits and costs of a distribution automation management system is investigated 

and evaluated. The performance analysis is conducted considering the lifetime of the 

system, to manifest the profitability of the solution. 
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1 Introduction 

Opening of the electricity market and new regulations caused unbundling of 

vertically organized utilities into different companies, in the competitive market 

(e.g. generation, energy trade) or in further regulated (e.g. power transmission and 

distribution activity). Regulated power transmission and distribution companies 

(RPC) faced significant reduction of revenue (without energy trade) and increase 

of responsibility and penalties by regulation. In the new economic and technical 

environment, RPC are forced to significantly increase efficiency and reduce cost 

of operation, to be able to survive and operate positively. Smart Grid Solutions 

(SGS) provides this affect and are widely applied by RPCs. The challenge is 

quantification of benefits provided by SGS and comparison with related costs, to 

estimate the real profitability of such investments. 

Power companies nowadays, implement different components of SGS with a 

common goal to increase efficiency of grid operation and reduce power losses, 

outage time and maintenance cost [1]–[4]. 
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SGS are considered as set of advanced technologies aimed at improving the 

efficiency of grid operation, significantly improving reliability, quality and 

efficiency of power delivery, as well as reducing costs of power network 

operation. SGS include various technologies, as presented in Figure 1: 

o Smart Grid Control: IT technologies applied in control centres of 

transmission or distribution companies, such as Advanced Distribution 

Management Systems (ADMS) for smart grid control, AMI/MDM for smart 

meter data management, Demand Response for management of consumption, 

GIS and Asset Management for asset data processing, etc. 

o Smart Power Grid: operation technologies (OT) applied in power grid for 

automation of local operations (field automation systems): Substation 

automation systems, Remote Terminal Units (RTU), controllable Ring Main 

Units (RMU), Re-closers, Distributed Generators control, Electrical Vehicles 

management, Energy Storages control, etc, 

o Smart Consumption: local control systems for smart management of energy 

consumption, as Building Management Systems, Industrial Control, Home 

Automation with smart meters, etc. 

 

Figure 1 

Smart Grid Solutions 

Implementation of ADMS and Field automation solutions together can be referred 

as Distribution Automation Management System (DAMS). DAMS should reach 

various objectives, as advanced monitoring and control of distribution network; 

optimization and efficiency of network operation; reduction of power losses; 

reduction of power outage time, reduction of maintenance costs; efficient 

utilization of existing distribution facilities; postponement of investments; 

improvement of power quality, improvement of customer services; reduction of 
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operation costs and increase of revenue. DAMS should provide advanced tools for 

dynamic visualization, monitoring and control of electricity distribution network, 

as well as smart applications for operation analysis, planning and optimization. 

The system should be built on open standards and integrated with other IT systems 

in a Utility, to enable optimal network operation, decision making and design. 

Smart grid efficiency is analysed in many research papers [1-7]. The key 

performance indicators related to smart grid efficiency are presented in [5], using 

the fuzzy analytic hierarchy process for the determination of overall smart grid 

efficiency. The analysis shows that the dominant performances of the optimal 

smart grid project are efficiency, security and quality of supply. Evolutionary 

computation is applied in optimization algorithms [6], used for smart power grid 

control and based on genetic algorithms, neural networks, heuristic algorithms and 

fuzzy methodologies [5, 6, and 7]. 

In this paper, the performance analysis of DAMS solution is presented, based on 

the main benefits in increasing efficiency, security and quality of supply. The 

operation benefits are evaluated in the second section of the paper, based on the 

sample of a real power distribution grid. The typical cost of DAMS 

implementation and operation cost during the lifetime of the system are evaluated 

in the third section. In the fourth section, the performance analysis is conducted 

considering the lifetime of the system, to manifest the profitability of the solution. 

Consequently, conclusion and references are provided. 

2 Benefits of DAMS Implementation 

Distribution Automation Management System (DAMS) is considered as 

implementation of ADMS and Field automation solutions together (Figure 1). In 

this section, DAMS benefits are analyzed and evaluated [4]. A sample of one real 

distribution network system (DNS) is used for the evaluation of benefits and costs. DNS 

is supplied by one Primary Substation (PSS 110/35 kV) and four Distribution Primary 

Substations (DPS 35/10 kV). DNS supplies 25,000 consumers (meters), over 350 km of 

10 kV medium voltage (MV) network, by 40 MV feeders and 360 Secondary 

Substations (DSS 10/0,4 kV), as presented in Figure 2. DNS annual peak load is 50 

MW. The annual injected electrical energy (AIEE) into DNS is approx. 200 GWh/year, 

with a commercial value of approx. 7,500,000 $/year (assuming wholesale price in range 

35–40 $/MWh). The DNS total power losses are 10% (technical and non-technical 

losses). 
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Figure 1 

The example of a real Distribution Network 

Implementation of DAMS should bring benefits in reduction of power losses; 

reduction of operation costs (reduced maintenance, outage time and non-supplied 

energy); reduction of network construction costs (improved utilization of facilities 

and postponement of investment) and in improving power quality. Such benefits are 

analyzed and evaluated in the following sections. 

2.1. Reduction of Power Losses 

Power losses are reported as the difference of the energy measured on entry points 

of the network and energy measured on consumption (customers) points, in one 

considered time period (typically one year). Technical power losses are related to 

energization of the network and power flow, while non-technical losses to 

problems with measurement and energy theft. Power losses are direct commercial 

loss to any RPC, since they have to be compensated by additional purchase of 

energy, as well as they contribute to pollution of environment. Therefore, there is 

always a high interest for reduction of losses and contribution of DAMS is 

presented in this section. 

2.1.1. Optimal Feeder Reconfiguration 

Power flow calculation [8] is based on the real-time state estimation and load 

profiles, providing real-time calculation of network operation state, for all 

transformers, feeders and laterals. Normally, distribution network is operated 

radially without loops, and if a feeder has connection to other feeders, the 
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connecting switch would be normally open. The normally open switches (NOS) 

are providing possibility for restoration of supply in case of incidents. In large 

distribution networks with hundreds of feeders, there are hundreds of NOS, which 

may be subject of optimization to reach certain objective (minimum power losses, 

improved voltages, reduced overloads, etc.). The optimization approach in DAMS 

function “Optimal Feeder Reconfiguration” (OFR) provides such a solution [9 - 

12], based on optimization algorithm where all switches are closed and then 

opened with minimal current deviation, but using network model with only 

resistances for power lines [9]. If results are applied in a real network operation, 

experience is showing up to 20% reduction of technical (peak) power losses in the 

MV network, with insignificant costs of changing NOS locations. Since MV 

losses are approximately 30% of total (peak) power losses (including HV, MV, 

LV network and transformers), and since energy losses are lower due to variation 

of load in time, the reduction of total energy losses would be in the range of 4-5%, 

which is confirmed in field results [13]. The reduction of energy injection in 

distribution network would be in the range of 0,4–0,5 % AIEE, considering typical 

energy losses, and reduction of energy that RPC has to purchase 4–5%. 

2.1.2. Volt/Var Control 

DAMS function “Voltage/Var control” (VVC) provides optimization of voltages 

and reactive power flow in distribution network in a real time state [14-16], keeping 

voltages inside technical constraints, but reaching optimization objective. It calculates 

the “optimal” setting of the voltage regulation devices (on-load tap changers) and 

capacitor banks, according to selected objectives (minimal power losses, voltage 

deviation, power demand, and others). On the basis of areas whose voltages are 

influenced by these control devices and their action speeds, the voltage control 

problem is decomposed in space and time [15]. The space decomposition enables 

a solution of the distribution voltage control problem for the medium voltage 

network of each supply transformer (substation) separately. As well, the time 

decomposition enables a solution in the operation planning mode and the real time 

mode separately. The voltage control is each time stated as a constrained 

optimization problem. The network voltage profile quality is quantified by the 

damage (inconvenience) that electric consumers sustain due to steady state voltage 

deviations. Therefore, this damage is used as the optimization objective. 

In case of minimal power losses objective, test results are showing 10% additional 

reduction of MV network power losses in coordination with OFR. The cumulative 

effect of VVC and OFR is providing reduction of AIEE up to 0,5%. 

2.1.3. Reduction of Non-Technical Losses 

DAMS Energy Audit application enables archiving energy injection (recorded by 

meters) and technical losses (calculated) in MV feeders and MV/LV transformers, 
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so that energy injection on the Low Voltage (LV) side is established, if not 

measured by specific meters. Technical losses in LV network can be calculated by 

DAMS applications, and then using billing data of LV customers “non-technical” 

losses can be allocated (theft, bad meters). Now, distribution transformers areas 

can be ranked according to the level of non-technical losses, and field crews sent 

to critical locations for control [17]. After reducing theft or metering failures, the 

injection of energy will be also reduced. The field results are showing reduction of 

non-technical energy losses minimum 0.5% of AIEE. 

2.1.4. Total Reduction of Losses 

In total, DAMS can contribute to 5–10% reduction of energy losses in distribution 

network, or 0.5 to 1% of AIEE. 

In case of DNS (200 GWh energy injection), saving would be 1 to 2 GWh/year, or 

35,000–75,000 $/year (using average wholesale price of 35–40 $/MWh), and 

divided by 25,000 customers (el.meters), is averaging 1.5-3 $/meter/year. 

2.2. Reduction of Network Operation Costs 

Network automation and DAMS is recently under implementation in many RPCs. 

Fault (outage) management is executed mostly manually with field crews, when a 

procedure may take several hours and customers along the feeder would suffer a 

long outage. The dispatcher has limited information about the network operational 

state. He faces the risk of making wrong decisions and extended outages, relying 

only on his experience, without any smart tools for decision support. 

2.2.1. Direct Cost of Fault Management 

DNS is having up to 150 MV feeder faults/year. In DNS without automation, the 

average duration of fault is approx. 2 hours, affecting 1000 customers or 1 MW of 

load, giving in average of 2 MWh of non-supplied energy per fault, or a total of 

300 MWh energy of non-supplied energy per year (ENS). If the price of 

“distribution service” is approximately 4 c$/kWh (price that RPC is charging for 

services), then the lost revenue would be 12,000 $/year. 

Additionally, due to frequent use of switching equipment in DNS with manual 

fault management, at least one circuit breaker would have to be replaced per year, 

because of the 300 switches on fault current (2–3 switches per fault), which has a 

cost of a minimum of 6,000 $/year. Similarly, at least 4 load switches should be 

replaced, because of 800 switches on load (5–6 switches per fault), which has a 

cost of a minimum of 16,000 $/year. The cost of field crew engagement for 800 

switches in field (25 $/switch) is approx. 20,000 $/year. 
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The total direct cost of fault management in DNS, without DAMS, would be 

approx. 54,000 $/year. 

2.2.2. Outage Compensation Cost 

The liberalization of the electrical sector introduces compensations paid by RPC 

to customers because of outages, or exposure of RPC to penalties defined by the 

regulator. Regulation models are different in countries, but in many cases RPCs 

are exposed to additional cost for compensation of damages to customers, for 

example, RPCs in Holland pay compensation of 35$ to every customer for outages 

longer than 4 h (Netherlands Authority for Consumers and Markets). In some 

countries revenue and tariffs of RPC are exposed to penalties related to operation 

performance, for example, each hour lost cost RPC in UK approx. 20$/customer 

(Ofgem – UK Office of Gas and Electricity Market). 

Exposure to penalties or outage compensation cost can be estimated, as ENS 

multiplied with the average service price and a multiplication factor, which can be 

in the range from 0 (no exposure) to 20 times (full exposure). If ENS in DNS is 

300 MWh/year, then outage compensation costs in case of DNS would be in the 

range from 0 to 240,000 $/year. In most cases, exposure is not high, or outage 

compensation costs are paid rarely, so on average the ENS price should be 

multiplied approx. 5 times, and the average price of ENS can be assumed as 20 

c$/kW. Thus, the average outage compensation cost in case of DNS would be 

60,000 $/year. 

2.2.3. Implementation of DAMS 

Deployment of DAMS (ADMS and field automation) would significantly improve 

the fault management, reduce outage time, and reduce direct and compensation 

costs paid by RPC [4]. DAMS would require remote control of all HV Substation, 

remote control of certain number of MV load-switches (approx. 20%), 

implementation of fault detectors and central smart management system (ADMS). 

The fault would be located analytically, using algorithm for fault location, 

isolation and restoration [18], without need for many switching of equipment. The 

minimal necessary switching will be done remotely, and average outage time 

would be significantly reduced, almost 5 times, down to 15 – 20 minutes. In DNS, 

ENS would reduce to 60 MWh/year. 

The lost revenue would decrease to 2,400 $/year because of ENS reduction. The 

maintenance cost would be significantly reduced: one breaker failure in two years 

(3,000 $/year) instead each year, one switch failure per year (4,000 $/year) instead 

of four failures, less crew engagement (200 switching, or 5,000 $/year). Thus, the 

total direct cost would decrease to 14,400 $/year. Compensation cost would 

decrease to 12,000 $/year (60 MWh x 20 c$/kWh). Therefore, the total saving 

after deployment of DAMS, would be 88,000 $/year, which equals 1.25% AIEE 
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or 3,5 $/meter. However, if exposure to penalties is considered in the higher range, 

then savings would be even higher. 

DAMS can contribute to reduction of maintenance and network operation costs 

and provide savings of 1.25% AIEE, or 3,5 $/meter/year. 

2.3. Reduction of Network Construction and Development 

Costs 

The network study and planning tools enable efficient utilization of existing 

distribution facilities with up to 20% postponement of investments in network 

constructions. 

The normal construction of distribution facilities, due to new customer 

connections or resolving of power overloads, increases the number of distribution 

transformers on average 1% annually, as well as the length of MV power lines by 

0.5%. In DNS, on average 4 new DSS and 2 kilometers of MV power lines should 

be built every year (4 x 30,000 + 2 x 90,000 = 300,000 $/year investments); 

however, with DAMS, investment would be postponed and reduced to 3 DSS and 

1.6 km of MV power lines (234,000 $), giving a savings of approximately $66,000 

annually. 

The more efficient resolution of large outages using DAMS, by more efficient 

utilization of reserves in adjacent MV network, would postpone construction of 

new primary substations. ADMS Large Area Restoration functionality enables the 

efficient resolution of large HV supply transformer outages. In DNS, one DPS 

should be normally built every 10 years (1,000,000 $ investment); however 

investment can be postponed and save 50,000–80,000 $ per year in less 

depreciation or interest. 

In total, reduction of network construction costs in DNS case would be in range 

116,000-146,000 $/year, or 1.5-2.0% of AIEE. Therefore, DAMS can contribute 

to reduction of construction costs and provide savings of 1.5-2% AIEE, or 4,5-6 

$/meter/year. 

2.4. Improved Power Quality 

DAMS Voltage/Var Optimization application provides real-time regulation of on-

load tap-changers on HV/MV transformers (PSS and PDS) and seasonal setting of 

off-load tap-changers on MV/LV transformers in DSS. Voltages are maintained 

within technical limits to provide power quality and minimize damages to 

customers due to voltage deviations. Additionally, voltages are maintained in 

optimal profile in dependence of the network operation state: in regular state 

reducing active and reactive losses; in emergency state reducing peak load; in 

extra energy state increasing demand. Guaranteed power quality can be provided 
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for special sensitive customers, as well as electricity sales can be impacted by 

changes of voltage level according to electricity market prices. 

Testing results are showing savings of 0.5-1 % of AIEE, or 1,5–3 $/meter/year. 

2.5. Total Benefits 

The total benefits of DAMS implementation, as well as DAMS benefits per type, 

are presented in the Table 1. 

Table 1 

DAMS total annual benefits 

Benefit type DAMS tool Saving/year 

(% of AIEE*) 

Saving/year 

($/meter/year) 

Reduction of 

energy losses 

Optimal Feeder 

Reconfiguration, 

Volt/Var Control 

0.5 - 1% 1.5 - 3 

Reduction of 

network operation 

costs 

Fault 

Management 

automation 

1.25% 3.5 

Reduction of 

network 

construction costs 

Network 

construction 

planning and 

load forecast 

1.5 - 2% 4.5 - 6 

Improved power 

quality 

Volt/Var 

Optimization 
0.5 - 1% 1.5 - 3 

Total Benefit  3.75 – 5.25% 11 – 15.5 

Average Benefit  4.6 % 14 

* Saving in % of the Annual Injected Electrical Energy (AIEE) into the 

distribution network 

The total benefits of DAMS implementation, as discussed in this section, should 

provide aggregated annual savings of 4.6% of AIEE, or 14 $/meter/year. 

3 Cost of DAMS Implementation 

The costs of DAMS implementation encompass three areas [4]: 

o DAMS Software and IT hardware, deployed in Main and Back-up data 

centres and Control Rooms (Dispatching Centres) of RPC, including costs of 

software licenses, engineering (design, configuration, data migration), 

delivery, testing, training, commissioning, support and maintenance. 
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o Substation and Feeder automation, including intelligent local master systems 

or remote terminal units (RTU) for local signal acquisition, processing and 

conversion, implemented in substations and overhead lines (pole mounted 

switches), with costs of equipment, delivery, commissioning, testing and 

maintenance. 

o Communication system (radio links, fibre optic, public providers), including 

costs of system design, licenses for radio frequencies, delivery of equipment, 

testing commissioning, maintenance, or cost of subscription on 

communication providers. 

Distribution automation principles recommend remote control of all NOS, as well 

as a certain number of MV load switches (e.g. on a third or half of the feeder) and 

fault detectors, to be able to execute a fast supply restoration and reduce outage 

time. Additionally, all supplying primary HV Substations and larger MV 

switching points should be under remote control. More RTUs in network would 

bring better results, but would rapidly increase investment cost. Some of the 

DAMS functions may be used for deeper analysis and design of the optimal level 

of automation, keeping investment inside a limited budget. The minimum level of 

investment in case of DNS is presented in Table 2. 

Some old power equipment should be replaced to be controlled by automation 

systems (e.g. replacement of old air-insulated load-breakers with gas insulated 

Ring Main Units or Pole Mounted Switches), but power equipment is typically 

another line of investments. Since automation cost is considered from scratch 

However, many RPCs has already invested in certain automation equipment, it is 

assumed that the value of the existing automation equipment equals investment 

cost in replacement of old power equipment. 

According to results of DNS investment analysis (Table 2), it can be generalized 

that DAMS investment costs typically consist of: 

o DAMS SW/IT investment costs, which are in the range 5-8 $/customer 

(meter), depending on the network size and functionalities included. 

Typically, average price per meter is higher for smaller projects and lower for 

large projects, making 20% of the total DAMS investment, 

o Communication systems are in the range of 4-8 $/meter, making 20% of the 

total DAMS investment. 

o Cost of automation equipment with installation costs, this is the largest part, 

making 60% of the total DAMS investment, and it is in the range of 20-25 

$/customer (meter), 

The total investment costs in DAMS, as discussed in this section, are in the range 

of 29–41 $/meter, and for further analysis the average value of 35 $/meter will be 

used. It equals 12% of AIEE value. 
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Table 2 

DNS automation investment cost 

DNS automation cost  

(25,000 customers/meters) 

Unit price 

($) 

No 

of 
units 

Price for 

DNS ($) 

Price per 

customer 

($/meter) 

DAMS Software and IT hardware 
125,000 - 

200,000 
1 

125,000 – 

200,000 
5 - 8 

PDS automation, RTU, cabling and 

interfaces 

40,000 - 

50,000 
4 

160,000 – 

200,000 

20 - 25 

DSS, RTU, cabling and interfaces 
4,000 - 

5,000 
25 

100,000 – 

125,000 

PMS, pole mounted switches, RTU 

and interfaces 

3,000 - 

4,000 
70 

210,000 – 

280,000 

Distribution switching yard, RTU and 

interfaces 
10,000 3 30,000 

Communication system: Fibre Optic 

interfaces, or radio equipment, 
interfaces, antennas, etc. 

1,000 – 

2,000 
100 

100,000 – 

200,000 
4 - 8 

Total DAMS automation cost of DNS   
725,000 – 

1,035,000 
29 - 41 

Average DAMS cost ($/meter)    35 

4 Cost Benefit Analysis 

The cost–benefit economic analysis will be made comparing average annual costs 

and benefits of DAMS project, as well as comparing the total cost of ownership 

and total benefits over the lifetime of DAMS system [19] – [20]. 

4.1  The Method of Annual Costs 

Profitability and attractiveness of an investment can be evaluated with the method 

of annual cost. In this method, cost and benefits in one year of operation are 

compared, assuming that they are not changing over the lifetime of the system. 

This is not fully correct because the value of money is changing over time, but for 

quick and simplified analysis this method can be used, mostly to show 

approximate profitability. 

The annual cost of DAMS system operation can be evaluated taking into account 

annual investment cost (depreciation), operating cost and financial cost: 

o Depreciation (d %) is calculated in economics as inverse value of the system 

lifetime, where the system lifetime is presented in years and depreciation in 

percentages. Depreciation is percentage of initial investment cost (I0), which 

RPC should spend each year on “renewal” of the assets, so that assets never 
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lose value. If we assume the lifetime of DAMS as 10 years, then depreciation 

cost would be 10% of I0. 

o The operating and maintenance cost for using of the system (m %) are 

approximately 5% of I0. Such cost typically include engagement of RPC’s 

personnel, hardware and equipment maintenance, license subscriptions, etc. 

o Financial cost (int %) includes average cost of capital, or interest in case of 

loan, taxes, etc., and they are in the range of 3-5% of I0. 

Thus, the annual cost of operating DAMS system (Ca,i) in year “i” can be 

expressed as in equations (1) and (2): 

0, %)int%%( ImdC ia 
 (1) 

00, %20%)5%5%10( IIC ia 
 (2) 

If initial investment cost for DAMS implementation (I0) is 35 $/meter, according 

to section 3, then the annual cost of using DAMS is approx. 7 $/meter/year. 

The total annual benefit of DAMS operation (Ba,i) is calculated in chapter 2.5, 

resulting in 14 $/meter/year. 

Now, the annual profitability (Pa,i) of DAMS project is calculated as ratio of 

annual benefits (Ba,i) and costs (Ca,i), as expressed in equation (3): 

2
/$7

/$14

,

,

, 
meter

meter

C

B
P

ia

ia

ia
 (3) 

Therefore, the method of annual cost is showing that DAMS projects have a very 

good profitability, because benefits will be twice higher then cost during each year 

of operation. 

4.2  Discounting Method 

The most accurate is the discounting method, which is considering the total cost 

over the lifetime of the system, or the total cost of ownership (TCO), comparing 

with the total benefits that system will provide over the lifetime or the total 

benefits of ownership (TBO). 

Since the capital has to bring return over time, as discounting parameter is used 

“weighted average cost of capital” (wacc%). TCO can be expressed, as in 

equation (4): 


 




T

i
i

i
T

wacc

Imd
TCOC

1

0
0,

%)1(

%)int%%(

 (4) 
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If we consider that annual costs are constant over time, then TCO can be 

expressed as in equation (5): 


 


T

i
iT

wacc
ImdTCOC

1

00,
%)1(

1
%)int%%(

 (5) 

If discounting factor (DF) is introduced, and wacc% assumed 5%, then DF can be 

expressed as in equation (6): 

72,7
%)51(

1
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11



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 
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T
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T

i
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TCO can be expressed as in equation (7): 

00,0, 54,172,7%20 IIDFCTCOC iaT 
 (7) 

TCO of DAMS project, with the lifetime of 10 years, will be 1.54 times of initial 

investment, or 7,72 times of annual cost. 

If I0 is estimated on 35 $/meter (Table 2), then TCO of DAMS project during 10 

years will be 54 $/meter. 

On the other side, TBO can be easily calculated in a similar way, equation (8): 

72,7,,0,  iaiaT BDFBTBOB
 (8) 

If annual benefit (Ba,i) is 14 $/meter/year (Table 1), then TBO of DAMS project, 

during lifetime of 10 years, will be 108 $/meter. 

The economic evaluation with discounting method is made using four typical 

economic parameters: 

a) Profitability (P) – this economic factor describes the profitability of the 

project, using ratio of total benefits and costs during the project lifetime, as in 

equation (9): 

2
10//$54

10//$108

0, 
yearsmeter

yearsmeter

T
TCO

TBO
P

 (9) 

DAMS projects are showing a high profitability, because benefits provided will be 

twice higher then all costs during the lifetime of the project. 

b) Payback – this economic factor describes the time necessary for the return of 

investment, and the year when project starts to provide profit, as expressed in 

equation (10): 

years
P

T
Payback

years

T

5
2

10

0,


 (10) 
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DAMS projects are showing a good payback time of 5 years, and providing the 

profit in the following 5 years. 

c) Return on Investment (ROI) – this economic factor describes the added value 

over invested amount, that project will bring during the lifetime, as expressed 

in equation (11): 

%100100
54

54108
100 







TCO

TCOTBO
ROI

 (11) 

DAMS will create added value of 100%, which means that on each dollar spent, 

over two dollars will return. 

d) Internal Rate of Return (IRR) – this economic factor describes how much the 

investment is attractive compared with the average cost of the capital. It is 

calculated as the discounting factor by which the Net Present Value (NPV) 

would equal to zero, or investment wouldn’t bring any profit over lifetime, as 

expressed in equation (12): 
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NPV is the total profit over the lifetime discounted on the present date and then 

reduced by initial investment. If IRR is higher than average cost of capital, then 

the investment is attractive. In DAMS case, IRR is 15%, which is three times 

higher than average cost of capital (5%), showing high attractiveness of DAMS 

investment. 

Economic analysis of DAMS projects is showing a high business attractiveness in 

any of four economic parameters: they are more than two times profitable, 

payback is half of the lifetime, return on investment is two times, and internal rate 

of return is very high. 

4.3  Sensitivity Analysis 

Sensitivity analysis was made to explore the impact of existing distribution 

automation levels on profitability of DAMS projects. Three scenarios were 

created: 

a) Scenario A – Typical state (TS): This is a typical situation in RPCs nowadays 

with small level of distribution automation (10-20% of the full automation 

level). This situation was considered in analysis of benefits in section 2 and 

costs in section 3. DAMS investment cost (I0,TS ) to reach full automation 

would be 35 $/meter, while annual benefits 14 $/meter/year (4,6% AIEE). 

b) Scenario B – Advanced state (AS): There are some advanced RPCs which 

recently invested more in automation, and already reached 30-40% of the full 
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automation level (e.g. North America, North Europe). In this case, investment 

cost I0 would be lower than in Scenario A. If assumed that 2/3 of the full I0 

would be necessary, then (I0,AS) in this case would be 22 $/meter. Also, 

benefits would be slightly lower, since certain benefits of outage reduction 

would already have been reached. If half of outage reduction benefits is 

already reached, then annual benefits would be in a range of 13 $/meter/year 

(4.3% AIEE). 

c)  Scenario C – Full automation (FA): There are a few very advanced RPCs 

which already reached the full automation (e.g. Japan, Singapore, Hong 

Kong, New York, etc.). In this case, further investment in automation is not 

necessary anymore, but it is necessary in DAMS system deployment 

(software and computer equipment). According to Table 2, only DAMS 

investment (I0,FA ) would be 8 $/meter. Benefits would also be lower, since 

fault management automation was already reached, but other benefit (e.g. 

power losses reduction, etc.) would produce at least 12 $/meter/year (4% 

AIEE). 

The economic evaluation (discounting method) was made with scenarios A, B and 

C, using equations for TCO (7) and TBO (8), and DNS with 25,000 meters. The 

four typical economic parameters are calculated using equations 9–12, and results 

are presented in the Table 3. 

Table 3 

DAMS profitability with different automation levels 

Scenario 

(autom.level) 

TCO ($) TBO  ($) P ROI IRR PbT 

(years) 

A – Typical state 1,347,500 2,702,000 2.00 100% 15% 5 

B – Advanced state 847,000 2,509,000 2.96 196% 37% 3.38 

C – Full automation 308,000 2,316,000 7.52 652% 130% 1.33 

The sensitivity of four economic parameters on automation levels is presented 

graphically in Figures 3-6. 
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Figure 3 

DAMS Profitability in different automation levels 

 

Figure 4 

DAMS Payback time in different automation levels 

The sensitivity analysis is clearly showing significant impact of automation level 

on profitability of DAMS projects. If existing automation level of the distribution 

network is higher, DAMS costs and TCO will be significantly lower because 

automation cost are highest. However, since most benefits are coming from 

software optimization features (reduction of power losses, postponement of 

constructions, power quality) TBO will keep high values. Consequently, all 

economic parameters will be much better. Profitability would increase by 3 times 

in case of advanced RPCs and up to 7 times in case of the full automation. 

Payback time would reduce over 3 years in case of advanced RPCs and down to 1 

year in the full automation case. IRR and ROI would show much higher values 

creating high attractiveness of investments into DAMS. 
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Figure 5 

DAMS IRR in different automation levels 

 

Figure 6 

DAMS ROI in different automation levels 

Conclusions 

Investments in DAMS projects should be very profitable. The results of economic 

evaluation and sensitivity analysis are showing very good economic performance: 

o Good Profitability: in most of regulated power distribution companies (RPCs) 

with small automation level nowadays, benefits would be two times higher 

than costs over the lifetime of a project. In RPCs with advanced automation 

level, profitability would be over three times. In case of the full automation, 

when investment is only in DAMS software and computer equipment, 

profitability would be even as much as seven times. 
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o Short Payback time: investment would return in 5 years in the low automation 

case, but in 3 years in the advanced case, or even in 1 year in the full 

automation case, showing a longer time for providing the profit. 

o High Return on Investment: even in RPCs with small automation return on 

investment would be 100%, which means that on each dollar invested, two 

dollars will return. In advanced and fully automated RPCs, return would be 

even much higher, showing a high attractiveness of investment. 

o Attractive Internal Rate of Return: in RPCs with small automation IRR (15%) 

is three times higher than average cost of capital, showing a very good 

attractiveness of investment. In advanced and full automated RPCs IRR is 

much higher, showing even higher attractiveness of investments in DAMS. 

Finally, since not all DAMS benefits could be financially evaluated (e.g. 

improving safety on work, reducing damages, improving customer satisfaction, 

etc.), attractiveness of DAMS investment may be even higher. 
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