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ABSTRACT 

This paper presents a novel method called Transformer 

Auto Stop-Start (TASS) that will automatically energise 

and de-energise one of a pair of transformers at a 

HV/MV substation, therefore reducing overall substation 

electrical losses and related carbon emissions. The paper 

also presents the TASS performance benefits (assessed 

against a variety of substation existing and future load 

and generation scenarios) and associated challenges in 

its implementation in ‘real world’ distribution networks.  

INTRODUCTION 

Electrical losses represent about 6% of the total energy 

transmitted in the UK distribution system [1]; these losses 

currently cost around £1 billion a year and account for 

1.5% of all greenhouse gas emissions in the UK [2]. 

DNOs in the UK are obliged to design and operate their 

networks efficiently [3][4] and participate in reducing the 

carbon footprint of their operations, helping reduce cost 

to customers and the UK reach its carbon reduction 

targets by 2020. 
 
Traditionally, DNOs have reduced losses through long-

term asset management, replacing end of life assets with 

energy efficient models; with the introduction of EU’s 

Ecodesign Directive 2009/125/EC [4], this has become 

mandatory for utilities. The UK’s gas and electricity 

regulator ‘Ofgem’, recognising the importance of 

network loss minimisation, has imposed an obligation on 

DNOs to reduce losses to “as low as reasonably 

practical”, effective from April 2015. 

 

The EU’s Renewable Energy Directive 2009/28/EC [5] 

set a target for the UK to achieve 15% of its energy 

consumption from renewable sources by 2020. As a 

result, more and more Distributed Generation (DG) is 

being connected directly to the distribution network, 

Meanwhile, the UK Government’s Carbon Plan [6] 

acknowledges that in GB “With the potential 

electrification of heating, transport and industrial 

processes, average electricity demand may rise by 

between 30% and 60%”. Forecasts have also shown that 

the transition to a low carbon economy may lead to 

significant increases in electricity demand and a 

corresponding rise in electric network losses. The impact 

of these developments on the distribution network is 

likely to be significant with demand becoming 

increasingly diverse and unpredictable with early signs of 

lower substation annual load-demand factors (a load-

demand factor is defined here as a ratio of ‘average load’ 

to substation ‘firm capacity’). As a consequence, the 

distribution networks may need additional capacity to 

cope with higher peaks, while being under-utilized at 

times of low loads and/or high levels of DG. Each of 

these scenarios may lead to higher losses; the variable 

losses will increase during periods of high loads, while 

the fixed losses may become increasingly apparent during 

times of low asset utilization. 

 

Distribution networks for relatively short periods of peak 

demand with low overall load-demand factors, may be 

wasteful. The TASS concept addresses this by de-

energising one of a pair of HV/MV transformers at a 

primary substation when demand falls below a calculated 

crossover value so as to optimise overall transformer 

losses. TASS re-energises the transformer when load 

increases above the crossover value.  

THE TASS CONCEPT 

Transformer electrical losses consist of fixed losses (also 

called no-load or iron losses) and variable losses (also 

called load or copper losses). Variable losses in a 

transformer are proportional to the square of applied 

electrical load. When low or no electrical demand exists, 

fixed losses can be significant compared to variable 

losses. 

 

a. Substation Losses-Load Curves for single and 

two substation transformer operated separately 
b. TASS Substation 

Implementation 

Fig. 1 – Substation Arrangement, Switching Logic, and Loss Savings 

For the purpose of security of supply in distribution 

network based on ENA’s ER P2/6 “Security of Supply”, 

most primary substations in the UK typically employ a 

level of redundancy via a pair of transformers (usually of 

the same MVA rating) that are energised and at any given 
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time loaded up to a maximum of half their rated MVA 

capacity. A substation with a single transformer has low 

fixed losses at low substation loads and has high variable 

losses at high substation loads, and conversely, a 

substation with two transformers will have high fixed 

losses at low substation loads and low variable losses at 

high substation loads; this behaviour, is illustrated in Fig. 

1a. The point at which the load-losses curves for these 

different operating regimes intersect is defined here as the 

‘Crossover Point’. 

 

A high level hardware implementation of TASS scheme 

at a 33/11kV substation is outlined in Fig. 1b: an 

additional breaker installed on the HV side of the 

transformer selected for switching (typically the one with 

highest overall losses among the substation pair), and an 

additional breaker between substation transformers’ HV 

terminals if the existing system does not already have a 

HV busbar and/or related bus-tie breaker. During normal 

operation, the bus-tie breaker and HV breaker on the 

transformer to be switched may be interlocked, such that 

at given time if a breaker among the two is opened then 

the other is closed, and vice-versa. During transition of 

transformer energisation state a small delay may be 

applied on the sequence of change in bus tie breaker and 

transformer HV side breaker statuses; this will allow for 

reduced impact on the HV network during this process. 

 

As part of TASS, one of a transformer pair is de-

energised when the applied substation electrical load falls 

below the Crossover Point value and vice-versa when the 

substation’s load exceeds the Crossover Point (plus a 

dead band value to avoid any ‘hunting’).  

TASS PERFORMANCE EVALUATION TOOL 

A Spreadsheet tool (as outlined in Fig. 2) was developed 

to evaluate the performance of TASS system; the 

principal features of this tool are described in the below 

subsections. 

 

 
Fig. 2 – TASS Spreadsheet Evaluation Tool Logic Diagram 

TASS Transformer Model 

The TASS model takes substation transformers’ name 

plate and test certificate information (i.e. transformer ID, 

rated power (SRating in MVA) and voltage, impedance 

voltage, full load (LossVariable) losses, and no-load 

(LossFixed) losses and calculates their respective HV side 

rated current, winding resistances, and load sharing 

(when both are energised, LoadShare in p.u) parameters. 

The transformer to be switched as part of TASS is 

assumed to the one with the highest overall losses among 

the pair; for identical transformers, the Crossover Point 

(SCrossover in MVA) according to [7] can be calculated 

using equation (1), while equation (2) for non-identical 

transformers with transformer T2 assumed as having the 

highest losses among the pair and therefore selected for 

switching. 
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To avoid excessive switching due to hunting 

phenomenon, a level of hysteresis is applied (HysON and 

HysOFF in %) as a percentage of the Crossover Point; the 

high end value of the hysteresis band is defined here the 

ON Threshold (ONTshd in MVA) value and the low end is 

called the OFF Threshold (OFFTshd in MVA) value. 
 

  CrossoverONTshd SHysON  )100(1                  (3) 

  CrossoverOFFTshd SHysOFF  )100(1                  (4) 

 

For the purpose of TASS method evaluation described 

here, a 33/11 kV substation with two identical 15 MVA 

transformers (T1 and T2) was selected, each transformer 

with the following data: 8% impedance voltage, 9.65 kW 

no-load (fixed) losses, and 87 kW load (variable) losses. 

Substation Load Model 

The substation’s existing load at its LV side was 

represented as an aggregate normalised load varying at 

each half hour of year; the total load at each half hour, 

depending on the load type scenario being considered, 

comprised of combination of Elexon’s typical UK 

seasonal half-hour load profiles (Classes 1 to 8), data for 

which was obtained from [8]. Profile classes are based on 

large populations of similar customers; Class 1 and 2 are 

for domestic premises and Class 3 to 8 are for non-

domestic premises [9]. 

 

To account for optional future Electrical Vehicle (EV) 

load at the substation, the total existing load was scaled 

down to represent remaining load to 100% as EV load. In 

addition, when EV load was considered, consumer driven 

EV ‘uncontrolled charging’ and network driven EV 

optimal ‘controlled charging’ mechanisms were 

considered. EV charging profiles (based on [10]) were 

selected and applied for the entire year. The EV charging 

profile with controlled battery charging load profile was 
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assumed to be the same as uncontrolled battery charging 

load profile, but time shifted by six hours from start of 

the former load profile. 

 

Two types of DG, Photovoltaic (PV) and wind, were 

considered, which will reduce the total load (combination 

of existing and prospective EV load) seen at the 

substation at each half hour. The normalised PV 

generation data used in the tool was based on an actual 

UK PV site; and the normalised wind generation output 

data was based on a wind farm site in the UK. 

Substation Load-DG Scenarios 

A set of five different substation load-DG scenarios 

(domestic, industrial, balanced, high PV, and high wind) 

were considered; each scenario accounted for existing 

load types (Elexon’s UK typical seasonal loads), new 

load types (Electrical Vehicles (EV)), and level of new 

distributed generation (Photovoltaic and wind) 

penetration (as detailed in Table 1 and Table 2) applied 

incrementally. The data presented in these tables and that 

is used in the study does not correspond to any of the 

existing or future load or DG forecasts; instead the values 

were chosen arbitrarily to evaluate TASS performance 

against a specific load-DG and type combination. 

 
Table 1 – Elexon Load Class Share Considered for Each Scenario 

Scenario 
Existing Load Elexon Class Share (%) 

1 2 3 4 5 6 7 8 

Domestic 80 0 0 20 0 0 0 0 

Industrial 20 0 0 0 0 10 30 40 

Balanced 50 0 0 10 10 10 10 10 

High PV 70 0 0 10 20 0 0 0 

High Wind 30 0 0 10 20 20 10 10 

 
Table 2 – EV Load and DG Share Considered for Each Scenario 

Scenario 

EV Load Share DG Share 

EV Share of 

Existing Load 

EV Uncontrolled to 

Controlled Charging 

Load Ratio (%) 

PV Wind 

Domestic 20 80 0 0 

Industrial 30 90 10 10 

Balanced 20 90 20 30 

High PV 20 90 50 10 

High Wind 20 90 20 50 

TASS Performance Evaluation Methodology 

For each substation load scenario and at each half-hour, 

the Spreadsheet undertakes the following steps:  

 Substation load is calculated by aggregating demand 

and DG.  

 The calculated substation load is then compared 

against ON and OFF threshold values in MVA, 

derived from equations (3) and (4).  

 When the substation load is greater than ‘ON 

Threshold,’ it is assumed that both substations 

transformers will be in operation, and when below 

‘OFF Threshold’ value, it is assumed that only one 

among the pair of transformers is energised.  

 Fixed and variable losses are calculated. 

 

Upon execution of TASS model for the entire year’s half-

hours, the following annualised values were calculated: 

MWh losses with and without TASS implementation, 

number of TASS switching operations, load-demand 

factors, etc. In addition, load-duration distribution plots 

were also obtained, which were then marked against 

TASS ON/OFF threshold values.  

Evaluation Tool Assumptions and Limitations 

Although, the method of TASS performance evaluation 

via Spreadsheet may produce similar results to those 

performed in commercially available power system 

analysis software with an error level of <5%, it has the 

following limitations: 

 The evaluation tool described here only assesses the 

level of substation losses reduction that will be 

achieved using the TASS method; it does not 

account for TASS implementation and operational 

risks, such as impact on voltage quality, existing 

protection, transformer asset health and life. 

 Any On-Load Tap Change (OLTC) control on the 

transformers is excluded from modelling in the 

evaluation tool, and its impact on losses was 

assumed to be minimal.  

RESULTS, DISCUSSION, AND FINDINGS 

The results obtained from TASS evaluation studies are 

summarised below. 

Substation Load-demand Factors 

Advances in technology, market structures, and 

regulatory incentives may result in further proliferation of 

low carbon electrical loads (e.g. electric vehicles) and 

generation (e.g. small and medium scale wind turbines, 

photovoltaic, etc.) in to the GB distribution systems [10]. 

The impact of these technologies on a typical UK 

substation’s annual load-demand factors are summarised 

in Fig. 3; these results show that annual substation load-

demand factors reduce with increased penetration of EV 

load and PV/wind generation. 

 

The effect of additional EV, PV, and wind generation on 

substation’s daily load profiles and their shapes for a 

typical UK summer and winter weekday are given in Fig. 

4, along with annual load-duration distribution curves. 

These results show that the EV load and DG (PV, wind, 

etc.) are likely to give rise to lower annual load-demand 

factors. 

 

Fig. 4 also shows the summer and winter day load 

profiles and substation annual load-duration curves 

marked against TASS ON and OFF threshold values; 
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these results show that substation daily load profiles and 

overall load-duration curves, with increased penetration 

of EV and DG, are more likely to involve single-

transformer operation for long periods when the TASS 

method is employed; this suggests that future substation 

load profiles, with increased penetration of EV load and 

DG are more likely to benefit from TASS.  

 

 
Fig. 3 – Annual Substation Load-Demand factors for Various Load-DG 

Scenarios 

 
Fig. 4 – Typical Summer (top row) and Winter (middle row) Load 
Profiles and Annual Substation Load Distribution (bottom row) Curves 

with Incremental Addition of Existing Load, EV Load, and DG 

Penetration Share to Each Scenario (from left to right columns) for 
Various Load-DG Scenarios 

TASS Losses and Loss Savings 

With increase in penetration of EV load and DG, the 

overall substation load-demand factors are expected to 

reduce, therefore reducing overall substation transformer 

losses. In addition the proliferation of EV load and DG, is 

expected to further reduce substation transformer losses; 

with long periods of single-transformer operation in each 

year where TASS is deployed (outlined in Fig. 5) 

 

 
Fig. 5 – Annual Substation Load Losses without TASS (solid bars), 

Loss Savings with TASS (checked bars), and Percentage Loss Savings 

with TASS (% numbers in bars) for Various Load-DG Scenarios 

 
Fig. 6 – Annual Substation TASS Switching Operations for Various 

Load-DG Scenarios and Selected TASS Switching Hysteresis Bands 

(Solid bars for ±2.5%, Checked for ±5%, and Horizontal for ±7.5%) 

 
Fig. 7 – Annual Substation Load Losses with TASS for Various Load-

DG Scenarios and Selected TASS Switching Hysteresis Bands (Solid 

bars for ±2.5%, Checked for ±5%, and Horizontal for ±7.5%) 

TASS Switching Operations 

The frequency of transformer switching operations and 

corresponding HV bus tie breaker operations, as a result 
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of TASS operation, depends on the frequency of net load 

profiles crossing the TASS ON and OFF threshold values 

that are calculated from selected hysteresis band (default 

±5%). The impact of a 50% variation in the selected 

default hysteresis band value of 5%, i.e. ±2.5% and 

±7.5%, on annual switching operations and 

corresponding annual loss saving achieved using TASS 

method are shown Fig. 6 and Fig. 7. 

 

These results suggest that although the variation in the 

amount of loss savings achieved with variation in TASS 

ON and OFF threshold values is minimal, their related 

switching operations may be significant, with 

consequential impact on the overall lifetime and 

maintenance cost of associated switchgear. 

TASS RISK MITIGATION MEASURES 

Transformer energisation may result in inrush currents; 

these currents, according to [11], may cause “…adverse 

impacts on transformer itself (loss-of-life, mechanical 

damage to transformer winding) and power system 

operation (reduced power quality, mis-operation of 

protection devices and temporary overvoltages),” and the 

severity of the inrush currents “…largely depends on a 

number of parameters, including circuit breaker closing 

time, transformer core residual flux and core saturation 

characteristic, and network conditions.” As a 

consequence of the risks identified, different energisation 

techniques have been identified and will be trialled in a 

forthcoming practical TASS project. 

CONCLUSIONS 

The paper presented the TASS concept and evaluated its 

performance against various substation existing and 

future load and distribution generation levels. The results 

presented in the paper show the substation loss savings 

achieved via implementation of TASS can be significant 

with existing load, and the benefits could be further 

increased with increases in new EV load and distributed 

generation mix. 

 

Although, the TASS concept is relatively simple, its 

implementation and operational risks need to be 

thoroughly understood, evaluated, and mitigated where 

possible accounting for related cost-benefits. Currently, 

Southern Electric Power Distribution plc (SEPD) has 

received an Ofgem LCNF Tier 2 grant to evaluate TASS 

performance, assess its implementation and operational 

risks, and identify potential mitigation solutions using 

both desktop analysis and hardware demonstration via 

Low Energy Automated Networks (LEAN) project. The 

paper here currently presents TASS performance benefits 

assessed using high level (or preliminary) studies. 

Detailed TASS performance evaluation studies and 

practical trails will follow, and results from these studies 

will be reported in the future. 
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