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Abstract 
With the increasing integration of intermittent power sources (IPSs) into the 
power system, the uncertainty of IPSs requires solution and current dispatch 
system needs improvement. This paper aims to generate the optimal dispatch 
plan for day-ahead scheduling and real-time dispatch using the proposed 
model of characteristic optimal power flow (COPF). The integral time period 
represented by the median load point and the heavy and light load point with 
simplicity and accuracy. Simulation case studies on a 30-bus system are pre-
sented, which shows that COPF is an effective model to generate the optimal 
dispatch plan for power systems with high penetration of IPSs. 
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1. Introduction 

Due to the energy crisis, intermittent power sources (IPSs), such as wind and 
solar power sources, are considered as the primary and promising renewable 
energy sources. Compared with traditional power sources, IPSs are more envi-
ronmentally friendly [1]. Therefore, IPSs have been widely integrated and grow-
ing into the power systems. More specifically, the first few countries in terms of 
wind power proportion since 2016 are respectively given by [2]: 1) Denmark: 
40%, 2) Uruguay: 23.5%, 3) Spain: 20%.  

Despite the rapid development in IPS power generations, IPS has its own 
drawbacks. Due to the IPS power uncertainty, the power balancing process and 
the system’s security (e.g. voltage quality) may be jeopardized [3]. Hence, to 
solve the IPSs uncertainty problem, there are 3 main ways to go. First, to en-
hance different forecasting methods reduces the forecasting error [4]. Second is 
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accommodation, which means to allocate the accommodation reserves from 
controllable power sources to deal with uncertainties [5]. Third is adjustment, 
which means to adjust the current dispatch control systems from power ba-
lancing perspective [6]. In power systems with high penetrations of IPSs, from 
the power balancing perspective, the dispatch control system is divided into 
the following 3 levels: day-ahead scheduling, real-time dispatch, and automatic 
generation control (AGC) [7]. Day-ahead scheduling adjusts the controllable 
power sources to balance day-ahead forecast value and arrange accommoda-
tion and AGC reserves [8]. Real-time dispatch corrects the “vague” day-ahead 
forecasting with the “clear” real time forecasting value, and balances the real 
time forecasting value with the accommodation reserve [9]. AGC corrects the 
“clear” real time forecasting value with the accurate actual value, and balances 
the actual value with the AGC reserve [10]. 

The optimal power flow (OPF) tool that was first proposed by Carpentier [11] 
has been widely applied to generate the optimal generation schedules under each 
level of dispatch control system. There are many OPF algorithms such as New-
ton method and the Interior-point method to deal with the inequality con-
straints. Traditional optimal power flow (TOPF) aims to find the optimal solu-
tion in power systems with the following general formula:  

( )
( )
( )

min ,

s.t. , 0

, 0

f x u

g x u

h x u

=

≤

                      (1) 

where ( )f x  is the objective function that represents the total cost of fuel or the 
power loss, ( )g x  is the equality constraint set that represents the power flow 
equation, and ( )h x  is the inequality constraint set that typically includes the 
node voltage constraints, generator constraints and branch capacity constraints, 
u is controllable variable set that normally represents the active power output of 
generators, and x is the state variable set that includes the each voltage magni-
tude and phase angle under the polar coordinates. 

To generate the optimal generation schedules in each dispatch level, including 
day-ahead scheduling and real-time dispatch, TOPF calculates value at a partic-
ular single point and then applies its results to a time period. However, since 
power system conditions are towards temporal constraints, thus a particular sin-
gle point cannot represent the whole time period. More specifically, power flow 
distributions are not identical at all points within a given time period, con-
straints satisfied at the particular single point do not guarantee the same con-
straints to be satisfied at any other points, especially considering the binding 
constraints within a time period. Therefore, our COPF model takes the median 
load point, heavy and light load points into consideration, improves on the basis 
of the TOPF model, and proposes the COPF model. 

This paper aims to use characteristic optimal power flow (COPF) [12] to gen-
erate the optimal generation scheduling plans, including the day-ahead schedul-
ing and real time dispatch, for power systems with high penetrations of IPSs. 
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The remainder of the paper is as follows. Systems modelling about power sys-
tems with high penetrations of IPSs is given in Section 2. Simulation results on 
IEEE 30-bus system are tested and recorded in Section 3. Conclusions are finally 
given in Section 4. 

2. Systems Modeling 
2.1. Net Load 

The IPS uncertainties of power generation output depends on from different en-
vironmental conditions. Since the traditional loads have uncertainties, the IPSs 
can be also considered as negative loads. Thus, we define net load as the combi-
nation of traditional loads and IPSs (negative loads), and is further given by: 

net l ipsP P P= +                          (2) 

where netP  represents the power generation from net/equivalent loads; lP  is 
the traditional load and ipsP  is the negative loads from IPSs (wind/solar power). 

2.2. Nodal Power Flow Equation 

The total power generation, including both active and reactive power, needs to 
be balanced by the total power loss and the total loads in the power networks. 
Let GQ , GQ  denote the generation power of bus i, i

netP , i
netQ  denote the net 

power of load bus i, and i
lossP , i

lossQ  denote the power loss on a branch. 

1 1 1

1 1 1
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i i i
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∑ ∑ ∑
                    (3) 

where n is the number of buses in the network.  

2.3. Median Load Point 

According to COPF model, we take the median load point as the objective func-
tion of OPF, and according to the mean-value theorem, the rigorous integral 
OPF that is orient to the time period can be represented as the following equa-
tion which is focused on the median load point:  

( )( ) ( ) ( )1

0
1 0, d ,

t
m mt

f x t u t f x u t t= × −∫               (4) 

where 0t  and 1t  represent the beginning point and ending point of a given 
time period, respectively; mx  and mu  represent the state variables and control 
variables at median point, respectively. 

2.4. Heavy and Light Load Points 

In the COPF model, the two extreme loading conditions of a given period are 
characterized as the heavy and light load points, respectively. Thus, the two cor-
responding loading points are applied to check the inequality constraints. COPF 
guarantees that, as long as the constraints on heavy and light load points are sa-
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tisfied, the constraints on any other load points within a given time period are 
also satisfied. In other words, no constraints violations will occur on the given 
time period.  

2.5. Characteristic Optimal Power Flow Model 

Based on our previous analysis, the complete COPF that characterizes three dif-
ferent load points within a time period is presented as follows.  

1) The objective function is calculated at the median load point as follows, 
which generally aims to obtain the minimum generation cost in traditional ge-
nerators:  

( )min ,m mf x u T×∆                      (5) 

where T∆  represents the time length of the given time period, for example 30 
mins or 1 h. 

2) The nodal equality constraints need to be satisfied at three characterized 
points: the median load point, the heavy load point and the light load point: 

( )
( )
( )
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                      (6) 

where max  and mau  represent the state variables and control variables on the 
heavy load point, mix  and miu  represent the state variables and control va-
riables on the light load point. 

3) The inequality constraints are evaluated at the heavy and light load points 
as follows: 

( )
( )

ma ma

mi mi

, 0

, 0

x u

x u

≤

≤

h

h
                      (7) 

More specifically, the inequality constraints normally include voltage inequa-
lity constraints, the controllable power inequality constraints and the line power 
inequality constraints:  
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3. Simulation Results 
3.1. Simulation System 

In this section, IEEE 30-bus system with IPSs is tested to verify the proposed 

https://doi.org/10.4236/cweee.2020.94008


L. Peng 
 

 

DOI: 10.4236/cweee.2020.94008 105 Computational Water, Energy, and Environmental Engineering 

 

COPF. Wherein, bus 4 is added by a wind farm with power generation is 400 
MW, bus 7 is added by a solar site with power generation is 1000 MW, and for 
bus 21, both a wind farm and a solar site are added with a combined power gen-
eration is 300 MW. More specifically, the wind power generation is 200 MW and 
the solar power generation is 100 MW. 

The total power generation is 4980 MW. Therefore, the proportion of IPSs, 
including the wind and solar power sources with the total power generation is: 

1700 34.1%
4980

= .                      (11) 

3.2. COPF Simulation Results under Real-Time Dispatch 

Both TOPE and the proposed COPF models are applied under real-time dis-
patch. Real-time dispatch timescale is chosen to be 1 hour in this simulation. We 
recorded respectively: the actual power loss, power violation amount and num-
ber of buses, and voltage violation amount and number of buses. Simulation re-
sults are as follows in Table 1. 

3.3. Discussion 

The results above indicate that TOPF leads to greater power losses and more 
over-limits when the load trend is descending. TOPF’s performance in compar-
ison with COPF varies with the different load trends, with the best one when the 
load first ascends and then descends, where the over-limits are least. The pro-
posed COPF, on the contrary, generates less over-limits, and performed consis-
tently regardless of the load trend. The COPF alleviates these problems by eva-
luating the objective function at a more representative point, and taking into 
consideration the two extreme load points. The COPF is more desirable for its 
effectiveness. 
 
Table 1. Simulation results of COPF and TOPF models in modified IEEE-30 bus system 
under real-time dispatch for three load patterns. 

Load Trend Parameters TOPF COPF 

Ascend 

Power Violated Amount (MW) ? ? 

Voltage Violated Number 8 0 

Voltage Violated Amount (pu) 0.105 0 

Power Loss (MW) 159.08 181.19 

Descend 

Power Violated Amount (MW) ? ? 

Voltage Violated Number 10 0 

Voltage Violated Amount (pu) 0.107 0 

Power Loss (MW) 124.55 86.48 

Ascend then Descend 

Power Violated Amount (MW) ? ? 

Voltage Violated Number 1 0 

Voltage Violated Amount (pu) 0.016 0 

Power Loss (MW) 115.49 112.79 
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4. Conclusion 

This paper focuses on optimal dispatch plan that minimizes the total power loss 
for the power system with high penetration of IPSs. To address security concerns 
brought by the uncertainties of the IPSs, this paper proposes COPF, which 
represents the whole time periods better and produces fewer constraint viola-
tions. The simulation case studies of the IEEE 30 bus system have shown that 
COPF is an effective model to generate the optimal dispatch plan for power sys-
tems with high penetration of IPSs. While the objective function is minimized, 
the system security is well satisfied.  
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