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ABSTRACT 

The paper reports on the technical, economical and 

electricity generation capacity assessment of two installed 

and grid connected renewable Distributed Generation 

(DG) systems in Mashhad; one landfill gas system and 

one wind farm. Theoretical models for electricity 

generation potential that are developed in Homer package 

are compared with real world measured data collected 

after implementation and working for two years. The 

results of assessment are used to determine the viability of 

such DGs in Mashhad electricity distribution network.   

INTRODUCTION  

According to significant upward trend of energy demand 

in city of Mashhad and the scattered loads especially in 

rural and industrial area, using Distribution Generation 

(DG) was considered as a solution and after the primary 

study phase, a wind farm and a landfill biomass generator 

implemented. Wind is one of the first renewable resources 

of energy that is used for producing electricity. The first 

electricity generating wind turbine was a battery charging 

machine installed in July 1887 by Scottish academic, 

James Blyth to light his holiday home in Marykirk, 

Scotland  [1] 

The application of wind energy in Iran goes back to 200 

years B.C. The Persian windmills with wind-catching 

surfaces as long as 5 m and as high as 10 m were used for 

grinding grain in the area known as Nehbandan in the 

western part of Iran up to a few years ago[2]. 

The first wind farm in Iran was installed in Manjil and 

Roodbar in northern part of Iran in 1994 with 100MW 

electricity generation capacity. The next large wind farm 

which is considered in this paper, was installed in the 

Dyzbad at the Binalood mountain which is located in the 

north eastern part of Iran in 2004. More details about this 

site will be explained in next part. 

Landfill Gas (LFG) is a by-product of the anaerobic 

decomposition of biodegradable Municipal Solid Waste 

(MSW) residues. [3]  

Biogas is a fuel gas mixture, typically contains 60% of 

methane (CH4), 35% of carbon dioxide and 5% of other 

gases like nitrogen, hydrogen, ammonia, hydro sulphuric 

acid, carbon monoxide and volatile amines., with a high 

energy content of 36 mega joules (MJ) per cubic meter 

(m3) of CH4. [4] 

LFG production rate varies from one place to another, 

depending on so many parameters such as temperature in 

the landfill, moisture content of the waste, waste  

 

 

composition, waste age, waste structure and landfill cover. 

Because LFG has 50 percent methane content it has half of 

the power of natural gas. There are several technologies 

for utilizing this energy. The most common is to use LFG 

gas as fuel in a gas engine/generator unit to produce 

electricity. Other methods are to use the heat from the 

cooling system in a combined heat and power (CHP) plant 

for heating and to utilize the gas in a gas boiler to produce 

hot water or steam for space heating or process heat or 

direct use, as fuel for vehicles, and in fuel cells, or directly 

for leachate evaporation [3]. Mashhad landfill is the first 

project in Iran for producing electricity from biomass gas 

that is implemented and connected to Mashhad Electric 

Energy Distribution network in 2009. 

BINALOOD WIND FARM  

Specification 

The ñBinaloodò wind farm has been connected to 20KV 

network of Mashhad Electric Energy Distribution 

Company in 2004. It currently uses 43 turbines (Vestas 

V47) with generating capacity of 660 KW to produce 28.3 

MW of electricity. It is a wind tunnel of 50 kilometers in 

length and 5 kilometers in width through which wind 

steadily flows at a mild velocity of 8.9 m/s. Turbins are 

manufactured by a domestic company in Iran under the 

license of a Danish company to reduce the installation 

cost. Figure 1shows the V47 power curve. 

 
Figure 1.V47 power curve 

Homer model 

Homer (Hybrid Optimisation Model for Electric 

Renewables) is software used for comparing and 

evaluating small scale energy generation technologies in 

order to find the option that gives the least life-cycle cost 

[5]. 
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Economic assessment of these two DGs in this paper has 

been done on the basis of Net Present Cost (NPC) and 

levelized Cost of Electricity (COE). Schematic diagram of 

Homer model for wind farm is shown in Figure 2. 

 
Figure 2.Binalood Homer model 

According to the information from SANA the cost of this 

project is entered to Homer that is depicted in Figure 3. 

The project life time for this project is 20 years and Hub 

height is 45 m. 

 
Figure 3.Cost of Binalood wind farm 

Wind resource information is shown in Figure 4 . Based 

on meteorological and measured data from the Binalood 

site, the annual average wind speeds is 8.9 m/s and the 

maximum wind speed is in August and July. Because of 

region topography and roughness the spring and summer 

have the best potential for generating electricity. 

According to government persuasion policy for using 

renewable resource of energy all Binalood wind farm 

electricity is bought by national electricity network with 

constant power price of 0.01$ in peak or off-peak hours.  

 
Figure 4.Binalood wind resource 

Result of calculation 

After entering all parameters and inputs, Homer simulated 

and calculated the system from different aspect that cab be 

categorised into economic, electric and emissions or 

environmental effects. In this paper economic and electric 

result is considered.  

 
Figure 5. Wind farm cash flow 

The economic results shows that the annual profit is 

4,214,476$ and the investment cost will be return in about 

6 years. Also it is observed that NPC (the present value of 

all the costs that it incurs over its lifetime, minus the 

present value of all the revenue that it earns over its 

lifetime) is -23,339,708$ and Levelized COE (average 

cost per kWh of useful electrical energy produced by the 

system.) is -0.044$/KWh.  

 
Figure 6. Binalood wind farm electricity production  

As it is shown in Figure 6  the production diagram follows 

the average wind speed diagram, the maximum production 

rate is in august that has the highest wind speed. 

Real world data 

All data about electricity generation and selling to 

Mashhad electricity network are collected during 

verification phase. Base on this information, avarege 

electricity production per month is illustrated in Figure 7. 

The maximum production rate is in summer and specially 

in August and the worth case is happened in autumn, even 

though there is small fluctuation but the real world data 

verify the trend of simulation result.  
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Figure 7. Average electricity production 

 
Figure 8. Electricity production categorized by season 

The amount of electricity that is sold to the grid by wind 

farm during time period between 2006 and 2010 was about 

198190 MWh with 0.1$/KWh. It means that annual 

income of electricity selling to grid is about 4,954,772$ 

and by considering the annual O&M cost (400,000$), the 

annual profit it about 4,555,000$. So the initial capital 

investment return rate is about 5.5 Years that is close to 

simulation result (6 years). 

MASHHAD LANDFILL  

Specification 

The second DG Installed in Mashhad is used landfill 

biomass gas for generating electricity from municipal solid 

waste. Johannessen reported in 1999 that for every ton of 

waste disposed in landfills an average of 200 3m  biogas 

are generated during its useful life. According to the result 

of study phase that was done in 2004, it is observed that 

about 1700 tons of waste is produced daily in Mashhad 

that about %70.42 of it is solid waste which can be used 

for generating electricity[6]. 

For calculating the power of electricity production, the 

flux density gas, volume percent of methane and the 

temperature and pressure of the produced gas measured 

and the effective lifetime of the system that is related to 

the motor-generator effective lifetime and also the 

downward trend of flux density of methane gas estimated 

using simulation model. The capturing of biomass from 

the landfill cells which situated in a land with 0.22 
2km areas is done by drilling 28 horizontal and 12 vertical 

wells into the waste and extracting gas as it is formed and 

transports it through a network of pipes connected to the 

biomass plant. Mashhad landfill has the capacity of 

producing 300
hour

m3

of biomass gas and consequently 

electricity generating capacity of 660 KW using two 

330KW motor-generator sets. The cell has been connected 

to 20KV network of MEEDC in 2009. 

 
 

Homer model 

Schematic diagram of Homer model for Mashhad landfill 

electricity generator cell is shown in Figure 10. This cell 

includes two generators that consume biomass fuel and 

connected to grid and also a primary load about 50KW. 

 
Figure 10. Mashhad landfill model in Homer 

Capital investment and other cost of project is entered to 

Homer model and it is assumed that the project life is 

100000 hours which is motor/generator lifetime. 

According to information from Mashhad municipality and 

study phase, available biomass resource in Mashhad 

landfill entered that is depicted in Figure 11. 

Figure 9. Mashhad landfill motor/generator 
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Figure 11. Mashhad landfill Biomass resource 

Result of calculation 

Economic results shows that the annual profit for Mashhad 

landfill is 439,132$ and the investment cost will be return 

in about 2.28 years. Also it is observed that NPC for this 

landfill project in 15 years is -3,155,463$ and Levelized 

COE is -0.061$/KWh.  

Electricity production is illustrated in Figure 12. Since the 

amount of extracted biogas is more than biogas needed for 

full load operation of the generators; the average 

production rates are the same as the nominal power of 

generators (330KW) and it is somehow independent from 

the weather conditions or other environmental factors.  

 
Figure 12. Monthly average electric production 

Real world data 

Real measurement from Oct 2009 until Sep 2011 shows 

that there is not any significant difference between 

electricity production rate according to the season and 

climate changes.  

 
Figure 13. Landfill electricity production categorized 

by season 

The annual profit measured for this project is about 

338767$ and with initial capital investement about 

1000000$, investement return rate is about 3 years. 

CONCLUSION  

Result assessment of these two grid-connected DG shows 

that with an acceptable accuracy the results of simulation 

are verified by real data which are collected during 

operation phase but sometimes because of existence of 

some level of uncertainty such as wind speed or biomass 

resource there is a small difference. Also it is observed 

that the electricity production rate of landfill cell is close 

to installed capacity of generators and is more predictable 

than wind farm rate. For this case study, the landfill 

investment return rate was better than wind farm and also 

has better COE. It should be mentioned that in landfill 

project the profit that can be achieved by selling the 

carbon emission reduction (CER) credits is not considered 

due to lack of contract. 
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