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Abstract—Increasing power demand urged countries to seek 

out energy sources with higher efficiency and lower cost than 

the existing ones. Solar energy is an effective alternative source 

to the traditional energy sources. The photovoltaic distributed 

generation is an effective energy source since it combines the 

advantages of smart grid and solar energy. Depending on the 

season, photovoltaic generation connected to the distribution 

network shows different penetration that affects the network 

load distribution, which can lead to excessive loading at lines, 

cables and transformers in distribution systems. As the life 

expectancy of transformers and cables in the distribution 

system depends on the operating conditions, overloading caused 

by penetration of distributed photovoltaic systems speeds up the 

aging of the components. Therefore, investigating the effects of 

photovoltaic systems on the aging is important for providing 

insight on the efficient use of components in the distribution 

transformers. In this study, the impact of loss of life on the 

distribution transformer photovoltaic production is examined 

by taking the seasonal influences into account from the point of 

view of a consumer. 

 

Index Terms—Distribution transformer, aging and 

photovoltaic generation. 

 

I. INTRODUCTION 

Globally, there is an increases in load demand and an 

exhaustion of traditional energy sources. Environmental 

sensitivity, such as restrictions on carbon dioxide emissions 

has led to an increase in energy production that uses 

renewable energy sources [1]-[3]. One of the renewable 

energy sources is the photovoltaic production, and the 

interest in it has increased significantly in recent years, in 

parallel with the development of photovoltaic technology. In 

a report released in 2010, it was announced that solar energy 

production target of the Europe for 2020 is 84.4 GW.  When 

Germany has 20,7 GW solar power capacity in 2012, planned 

solar power is 51.8GW in 2020 [4]. 

Increasing the number of photovoltaic production units 

connected to the network has led to a need for examining the 

effects of the distribution system [1]-[3]. Photovoltaic 

systems can cause voltage fluctuations due to the changes on 

the solar energy. It also causes power factor problems due to 

active power changes in the system. In addition, as the 

photovoltaic systems were designed as unidirectional, 

protection plans are affected when the network operates in 
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bidirectional power flow mode. Single-phase photovoltaic 

production due to unbalanced distribution system is a voltage 

imbalance between the phases [1], [5]. 

Transformers are important element in electrical power 

grids, in terms of both reliability and costs. Although they are 

extremely energy efficient, heat dissipation is a limiting 

factor for the maximum loading of transformers. The reliable 

operation of distribution systems is critically dependent on 

detailed understanding of load impacts on distribution 

transformer insulation systems. When transformers are 

operated in an overloaded mode, it speeds up aging and 

causes an increase in the probability of major failures. 

In this study, the effects of the rooftop photovoltaic 

production in summer and in winter seasons on the useful life 

of distribution transformer have been studied. Variation in 

loss of life of distribution transformer was examined by 

taking the seasonal influence of PV penetration into account. 

Daily load profiles are used to determine the transformer’s 

loss of life. 

 

II. REDUCTION IN THE USEFUL LIFE OF TRANSFORMERS 

The dielectric insulating properties of the insulation 

material may weaken if transformers are exposed to the 

temperatures above the limiting values. The insulation ages 

more rapidly, reducing its normal life. According to the IEEE 

C57.91-1995 guide, the life of the insulation is equal to the 

overall life of a transformer [6]. The guide leads the 

calculation of the winding hottest-spot temperature, which is 

the driving factor for limiting temperature overloads. Ratings 

such as the loss of life and the winding hottest-spot 

temperature can be used by system operators during 

contingency conditions, which will allow them to overload 

transformers for a definite time. 

The most important parameters that influence the 

transformer useful life is the hottest-spot temperature (ѲH). 

The relationship between the hottest spot temperature and the 

transformer useful life is obtained by using the experimental 

results and the Arrhenius reaction theory given in an IEEE 

standard, which is shown below: 

 

Per unit life =
273

.exp H

B

Q
A

 
 

                       (1) 

 

where, QH is hot-spot temperature (°C), A and B are the 

constants. While hot-spot temperature is below 110°C, 

transformer life is calculated as 1pu [6]. As a result of 

conducted experiments, constant A and B in standards are 

found as 9.8×10
-18

 and 15000 respectively. Fig. 1 shows the 

change of the life with respect to hottest spot temperature. 
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Fig. 1. Variation of the per unit life with the hottest spot temperature. 

 

Aging acceleration factor is used to compare aging speed 

of transformer at 110°C. Relative aging rate of the 

transformer insulation for given load and temperature values, 

can be determined as follows; 
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Aging acceleration factor is equal to 1 at 110°C. Aging rate 

is greater than 1 for higher temperatures and less than 1 for 

lower temperatures. The given graph in Fig. 2 shows change 

of the aging acceleration factor with respect to hottest spot 

temperature. For calculation of the loss of life of transformer, 

hottest-spot temperatures must be defined. Hottest-spot 

temperature could be calculated with high accuracy by using 

the results of the experimental methods. 

 

 
Fig. 2. Variation of aging acceleration factor with the hottest-spot 

temperature. 

 

Hottest-spot temperature could be predicted by using 

thermal models from standards with top layer’s temperature, 

load status and ambient temperature. If top layer’s 

temperature is not available, hottest-spot temperature could 

be predicted with top-layer temperature, load status and 

ambient temperature.  

IEEE C57.91-1995 standard is modeling change of 

temperature with respect to the change of load. Calculation of 

top-oil temperature, which is created by change of loads, and 

hottest-spot temperature is simplified. Changes of 

temperature could cause change of oil viscosity. To take 

account of load loss and change of oil viscosity, m and n 

constant are included to equations. Depending on the type of 

cooling, value is between 0 and 1.  

Hottest-spot temperature (ѲH) is the sum of ambient 

temperature (ѲA), top layer oil temperature change compared 

to the ambient temperature (ΔѲTO) and winding temperature 

change compared to the oil temperature (ΔѲH). 

 

ѲH = ѲA + ∆ѲTO + ∆ѲH                            (3) 

 

ѲTO= ѲA +∆ѲTO                                 (4) 

 

Change of top oil temperature depending on change of 

loads can be obtained as given in Eq. 5. 
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The increase in the hottest-spot temperature depends on 

load and time and can be defined as follows; 

 

∆ѲH = (∆ѲH, u - ∆ѲH, i)(1- exp W
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First and last value of the change of top oil temperature: 
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III. PHOTOVOLTAIC PRODUCTION 

The active power and power flow of a grid with 

photovoltaic production (PV) and domestic house consumers 

are shown in Fig. 3. 

 

 
Fig. 3. Domestic house type grid with PV energy production. 
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Net value of the power drawn from the transformer can be 

calculated as: 

 

  FV

tr,net con, loss, PV,1 1 1

t gn n n

i i ii i i
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  
        (11) 

 

where, Pcon,i  is consumption of the domestic house consumer, 

Ploss,i  is loss of energy on the line component, PPV,i is PV unit 

production, 𝑃tr,net value is effect on the loading of the 

transformer. 

 

IV. CASE STUDY 

To study the aging effects of the photovoltaic systems on 

the distribution transformer , the loss of life is examined by 

taking into account the effects of seasonal changes by using a 

sample grid. In this study, the data from the photovoltaic 

panels in Istanbul Technical University in year 2009 are used. 

Taking these data into account, a system of 1000 consumers 

with 5m
2
 500W roof type panels, supplied through a 

distribution transformer is designed [7]. 

The change of the load profile and the power consumption 

from the transformer in July and January nin a span of 24 

hours and the PV production are given in Fig. 4 and Fig. 5. 

While the PV production in the summer supplies a 

considerable portion of the demand, in January this ratio is 

very low. The power consumption is normalized according to 

a 2MVA transformer’s power. The effect of photovoltaic 

participation of transformer life in July 2009 to investigate 

the air temperature were obtained from the Meteorological 

Service. 

 

 
Fig. 4. The demand, photovoltaic production and power consumption from 

the transformer on 1st of July. 

 

 
Fig. 5. Demand of January 20th , and the change of power drawn from the 

transformer photovoltaic production. 

 

Demand scenarios were created in July, the power drawn 

from the transformer value and PV production values are 

given in the graph in Fig. 6. The positive contribution of PV 

production tothe transformer load is observed in July. 

 
Fig. 6. Demand trends, PV production and transformer power values in July. 

 

 
Fig. 7. The trend of aging transformers in July. 

 

The aging rate for 2000kVA distribution transformers and 

their impact on the total aging rate is calculated. Having 

photovoltaic production, the trend of aging transformers in 

July is presented graphically in Fig. 7. Depending on aging 

rate is seen as falling PV production. Changes in the total 

expected life time is given in Fig. 8 and Fig. 9 for the cases 

with and withoutPV production. PV output transformer 

appears to have a positive effect on the total aging rate. 

 

 
Fig. 8. Variation in the cumulative age hours in July. 

 

 
Fig. 9. Variation of cumulative age hours in January. 
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V. CONCLUSION 

Power transformers are an important element and the 

photovoltaic generation is one of the useful source choices in 

electrical power grids. Common sense and good planning is 

required to keep the economic gains in balance with the risks 

of failure in grid systems. The reliable operation of 

distribution transformers is critically dependent on detailed 

understanding of load impacts on distribution transformer 

insulation systems. In this study, the effects of the rooftop 

photovoltaic production on distribution transformer useful 

life have been studied taking the seasonal influences into 

account. It has been shown that PV is an important effect in 

grid system and it can significantly extend the transformer 

life. The use of a solar PV power system will be even more 

beneficial. Under load demand, production of distributed 

generation systems based upon renewable energy sources has 

a positive effect on the ageing of transformer aging. However, 

over the load demand local production causes reverse 

direction power flow These have a negative effect on 

transformer aging that must be investigated. 
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