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1. Introduction 

 
       Distributed generation (DG) is an emerging technology used to provide electric power at or near a load site. Interest in DG 
is growing due to transmission congestion and difficulty in siting, financing, and adverse environmental impacts of traditional 
resources. DG includes such technologies as microturbines, gas turbines, fuel cells, and renewable energy sources like 
mini/micro hydro, wind, and photovoltaics. The broader category of distributed energy resources (DER) includes storage 
technologies, such as batteries and flywheels. Most electric distribution systems are designed and developed for a single, central 
source, and therefore, special requirements for connecting DG to the utility system are critical for ensuring its safety and 
reliability. This research paper develops models of distributed generators and the DG interface to the distribution system. 
 
2. Interconnection Barriers and Requirements 
 
       Several barriers are encountered when attempting to interconnect DGs to a grid. Past and present on-site case studies have 
identified some of these including technical, business-practice, institutional, and regulatory barriers [1]. Technical requirements 
are related to performance, operation, testing, safety, and maintenance of the interconnection. The interconnection box should 
be able to handle constraints defined according to established standards and codes, including IEEE 1547, IEEE 519, 
NEC/NFPA, NESC, and UL 1741. 
 
3. DG Impacts and Distribution Systems 
 
       The injection of DG into an existing distribution system significantly affects real-time system operation and control. Most 
distribution feeders are energized centrally and operated in a radial configuration with power flowing away from the substation. 
Inserting a DG may reverse the power flow and cause stability problems in the system. Both positive and negative impacts 
result from interconnecting a DG to a distribution system. 

4. System Modeling 

Feeder Modeling 

       Distribution feeder modeling involves a wide variety of numerical calculations and technical evaluations. The IEEE 13 
node test feeder [2], used in this study, is small and short; hence, the analysis is somewhat different from the longer distribution 
system and completely different from transmission-level analysis. The lumped pi-model is used to model short lines. Carson’s 
equations and Kron reductions are used to obtain the sequence impedances of lines [3]. Loads on a distribution system can be 
modeled in variety of ways. Some of the common models are constant real and reactive power, constant current, constant 
impedance, and combinations of all of these.  

Microturbine Generator and Fuell Cell  Models 
 
       Generally, most microturbine systems use two-pole permanent magnet synchronous machines [4]. As the frequency of the 
power from the generator is very high, in the range of 1.4 to 4 kHz, an ac-ac converter is used to transform to the desired power 
frequency. In the study model, a constant value of angular speed (ω, rad/s) and mechanical torque (Tm, N.m) are assumed.  
 
       The electro-chemical process in a fuel cell produces dc power. A dc-ac converter produces the ac needed by the distribution 
system. In this study, the high-temperature natural gas Solid Oxide Fuel Cell (SOFC) is modeled [5]. 

Interface Model 
       A DER can be operated either in parallel with a grid or on a switched, rollover basis [6]. The proposed universal 
interconnection model may be capable of connecting all types of DERs to the power system as well as to its own load. 
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5. Simulation Cases and Results 
 
       In this study, the technical impact of DG on system voltage regulation and loss reduction are analyzed. Models of 
microturbines and fuel cells are developed using SimPowerSystem in Matlab software, and the impact studies are observed in 
two commercial software environments: WindMil, and PowerWorld Simulator. Selected simulation results are provided in the 
Tables 1 and 2. 

 
Table: 1 WindMil simulation summary of unbalanced voltage drop and loss 

No Generator With Generator 
Nodes PhaseA,V PhaseB, V PhaseC, V Losses PhaseA,V PhaseB, V PhaseC, V Losses 
SubStation 126.1 126.1 126.1 kW kVAr 126.1 126.1 126.1 kW kVAr 
Sec650-632 120. 61 122. 93 122.90 120. 75 123. 07 123.05 
Sec671-680 116.33 123. 28 119.69 127 434 116.66 123. 59 120.05 121 412 

 
Table: 2 PowerWorld simulation summary of generation and loss 

 No Generator With Generator 
 MW MVar MW MVar 
Load 560.0 230.0 560.0 230.0 
Generation 589.6 525.5 570.4 333.7 
Losses 29.55 295.51 10.37 103.67 

 
6. Conclusion 
 
       The key modeling factors and established-industry standards for the integration of distributed energy resources have been 
presented and discussed. Test simulations presented in this study show the impacts of a DG on voltage regulation and loss 
reduction in a power system. The SimPowerSystem library provides various electrical components that can be used to develop 
user-defined modules to obtain the best results. Although PowerWorld and WindMil do not have detailed models available for a 
DG and do not allow a user to develop models of the types developed in this research for fuel cell and microturbine, they are 
more user-friendly and can be applied to understand DG impacts on distribution and transmission systems respectively. 
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