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1. About	the	Research		
The	high	monetary	value	of	a	transformer	has	placed	the	transformer	life-time	optimization	into	the	
focus	 of	 asset	management.	Distribution	Transformer	 (DT)	 is	 one	 of	 the	 critical	 and	high	CAPEX	
assets	for	DISCOMs.	For	overall	DISCOM	viability,	it	is	important	that	each	DT	must	turn	into	a	profit	
centre.	It	is	estimated	that	of	24%	national	average	AT&C	losses,	at	least	3-4%1	comes	from	Technical	
losses	in	DTs,	and	it	can	be	brought	down	to	0.5%	and	below.	Restructuring	reforms	like	RAPDRP	
has	envisaged	utilities	to	carry	out	an	energy	audit	of	a	DT	for	monitoring	inherent	losses	(at	least	on	
a	sampling	basis).	However,	unfortunately,	 this	keeps	missing	the	attention,	to	the	extent	that	DT	
technical	losses	are	not	even	measured	till	it	breaks	down	and	only	broken-down	DTs	are	sent	for	
repair.	There	is	minimum	to	none	pro-active	approach	to	DT	repair	and	O&M.		

DT	failure	rate	is	one	of	the	important	KPI	for	Indian	DISCOMs.	The	losses	associated	with	DT	failure	
are	relatively	higher	in	the	Indian	context	compared	to	the	global	benchmark.	In	India,	12-15%	DTs	
fail	every	year	and	average	rate	of	failure	of	aluminium	wound	DTs	is	more	than	copper	wound	DTs.	
Overloading	is	one	of	the	root	causes	of	DT	failure.	DTs	are	~30-40%	frequently	overloaded	than	
their	actual	capacity	resulting	in	deterioration	of	their	operating	efficiency	and	eventually	its	lifespan.	
Any	failure	of	the	DT	before	the	expiration	of	its	designed	lifespan	results	in	an	unplanned	outage,	
production	 loss,	unavailability	of	critical	services	and	 in	most	cases	substantial	 financial	 losses	to	
both	utilities	and	customers.	Overall,	it	affects	the	reliability	of	the	network.		

Considering	 the	 current	 financial	 state	 of	 DISCOMs,	 performance	 improvement	 in	DT	 becomes	 a	
crucial	factor	in	protecting	DISCOMs	from	further	losses.	Currently,	due	to	lack	of	funds	to	procure	
new	DTs,	utility	operates	the	DTs	beyond	their	useful	life	by	inefficiently	repairing	it	several	times,	
resulting	in	lower	efficiency	of	operation.	All	this	result	in	reduced	efficacy	of	DTs	and	high	technical	
losses	 in	 the	 distribution	 system.	 Therefore,	 DISCOMs	 need	 to	 utilize	 their	 existing	 DTs	 cost-
effectively	to	get	the	best	out	of	it.	There	is	a	need	to	save	the	DISCOMs	from	the	financial	burden	of	
investing	in	the	procurement	of	new	DTs	to	meet	the	current	energy	demand.		

Realizing	the	need	to	improve	reliability	of	DTs,	one	opportunity	to	be	explored	is	by	improving	the	
performance	of	DTs	through	better-quality	repair	practice.	The	proposed	performance	improvement	
repair	 practice	 will	 give	 new	 life	 to	 the	 DT	 and	 enhance	 its	 performance	 equivalent	 to	 Energy	
Efficiency	 Levels	 specified	 by	 BIS.	 In	 this	 context,	 a	 Proof	 of	 Concept	 (PoC)	 was	 carried	 out	 at	
MPPKVVCL	at	Major	Transformer	Repairing	Unit	(MTRU),	Indore	on	three	DTs	with	two	different	
performance	improvement	repair	options.	

2. About	the	pilot	
The	pilot	focuses	on	developing	a	mass	replicable	approach	to	undertaking	repairs	of	DTs	in	service	
and	bring	down	the	technical	 losses	and	enhance	reliability.	With	mass	replicability	objective,	the	
core	was	decided	to	be	kept	unchanged	and	all	correction	to	be	affected	through	windings	redesign	
and/or	change	of	material.	The	core	was	restacked	tightly	to	reduce	air	gaps	between	laminations.		

The	proposed	repair	practice	for	performance	improvement	of	legacy	DTs	used	two	different	options	
to	carry	out	repairs.	

 
1	Based	on	multiple	primary	interactions	with	industry	experts				
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• Option-1:	Improvement	for	Best	Performance		
• Option-2:	Improvement	for	Cost	effective	capacity	enhancement	

Under	this	PoC,	pre-repair	testing,	repair	execution	&	post-repair	testing	activities	were	conducted	
at	MTRU.	The	Repair	involved	correcting	loss	levels	of	the	DT	&	bringing	it	closer	to	the	ideal	values	
as	specified	by	Indian	Standards.	After	conducting	baseline	measurement,	different	design	solutions	
were	worked	out,	post	which	Repair	was	undertaken.	

Various	 tests	 like	 Open	 Circuit	 &	 Short	 Circuit	 test	 were	 carried	 out	 under	 the	 supervision	 of	
MPPKVVCL	representative	at	MTRU	and	technical	loss	reduction	was	validated	by	ERDA.	Experts	&	
team	recorded	data	for	analysis	of	No-load	loss	&	Full	load	loss	post	repair	and	some	key	conclusions	
were	made	as	mentioned:	

• Reduces	technical	losses,	thereby	saving	power	procurement	costs	
• Improves	efficiency	of	transformers	as	mandated	by	BEE	in	PAT-2	cycle	
• Improves	transformer	reliability,	thereby	reducing	downtime	
• Increases	kVA	capacity	of	the	transformer	that	helps	DT	sustain	overloading	condition	
• Cost-benefit	analysis	suggests	payback	period	of	less	than	2-3.5	years	
• Incremental	repair	cost	is	lower	by	30-60%	than	its	equivalent	new	DT	procurement	cost	with	

almost	same	performance		
• Creates	an	opportunity	for	the	DT	OEM	or	repairer	to	become	a	stakeholder	in	network	O&M	
• Reduces	O&M	expenses,	thereby	improving	financial	health	of	DISCOMs	

Thus,	 proposed	 Repair	 concept	 has	 the	 potential	 for	 improving	 the	 Energy	 Efficiency	 and	
performance	of	Distribution	Transformer.		

3. Background	
MPPKVVCL	has	total	2,48,6112	DTs	in	service	in	two	regions	-	Indore	and	Ujjain.	Annually,	~20k	DTs	
are	procured	across	different	capacities	based	on	the	field	demands	

During	the	year	2019-20	up	to	31st	September	2019,	total	6,9052	DTs	failed	across	different	capacities	
(average	failure	rate	of	DTs	is	15-17%).	The	prominent	reason	for	winding	failure	is	reported	to	be	
prolonged	overloading	of	the	DTs.	It	has	been	observed	that	no	factual	data	is	collected	on	loading	of	
the	 transformers.	 Overloading	 of	 the	 transformer	 goes	 unnoticed	 till	 the	 DT	 fails.	 As	 per	 DT	
assessment	study,	bursting	of	LV	and/or	HV	winding	is	reported	to	be	one	of	the	major	types	of	failure	
occurring	in	DTs	as	compared	core	damage	(~2%	DTs).		

The	high	DT	failure	rate	and	losses	in	DTs	usually	originates	from	weak	practices	in	asset	life-cycle	
management.	These	include	procurement,	regular	O&M	and	repairs.	Some	of	the	practices	observed	
are	as	mentioned	below:	

• The	DT	procurement	often	ignores	 life-cycle	cost	or	the	total	cost	of	ownership	as	against	
meticulously	observed	in	case	of	power	transformers.		

 
2 Report	of	failure	/	replacement	of	distribution	transformers	during	the	year	2019-20	upto	31/8/2019	(This	document	gets	updated	
periodically).	During	the	year	2017-18	up	to	31st	March	2018,	total	26,3322	DTs	failed	across	different	capacities. 
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• Tendering	process	 is	more	 on	 standard	bidding	philosophy	 (accepting	 lowest	 bid)	 rather	
than	performance-based	contract.		

• DTs	normally	fail	much	before	completion	of	its	service	life	(20-25	years)	impacting	the	cost	
of	 capital	 deployed	 to	 service	 customers.	 Part	 of	 the	 reason	 for	 such	 high	 failure	 rate	 is	
overloading,	 absence	 of	 Condition	 based/Preventive	 monitoring,	 protection	 and	
Routine/Periodic	maintenance	

• The	repair	practice	follows	a	passive	approach	to	attend	the	DT	when	it	 fails.	The	focus	is	
merely	to	get	the	DT	back	into	the	service,	rather	than	availing	the	opportunity	to	completely	
renovate	with	eye	for	preventing	energy	loss	and	improving	asset	health.		

• Current	practice	is	to	measure	the	no-load	and	load	losses	in	the	DT	post	repair	only,	leaving	
no	scope	for	further	improvement.	Also,	the	current	repair	contract	and	defined	Service	Level	
Agreements	(SLAs)	do	not	encourage	technical	loss	reduction.	

• The	 DT	 repairer’s	 staff	 is	 adept	 in	 routine	 repair	 practices	 and	 do	 not	 consider	 design	
optimization	for	loss	reduction	or	enhancing	reliability.	This	at	times	lead	to	adoption	of	sub	
optimal	practices.	

• The	equipment	used	for	losses	measurement	or	estimation	are	not	well	kept	as	needed	to	be	
maintained	in	laboratory	environment,	calibrated	and	updated	for	accuracy.	

Further,	as	per	the	studied	post	repair	reports,	the	DT	technical	losses	were	observed	to	be	fairly	
deviated	(No-load	loss	and	Full	load	loss	was	observed	to	be	3%	and	11%	deviated	respectively)	from	
the	ideal	values.	Few	DTs	were	observed	to	be	deviated	even	to	a	level	against	norms	in	practice.	

With	above	realities	and	challenges,	using	the	breakdown	repair	window	opportunity	for	old	DTs,	
(considering	 the	 fact	 that	 there	 are	 many	 old	 DTs	 with	 highly	 deviated	 technical	 losses).	 Repair	
approach	can	be	adopted	for	old	DTs	to	modernize	them.	This	can	yield	attractive	payback	and	reduce	
total	cost	of	ownership.	It	can	also	be	applied	to	selective	functional	DTs	based	on	loss	data	if	tracked	
well	from	previous	conventional	repairs.	Additional	benefits	of	repair	come	in	form	of	increased	kVA	
capacity,	higher	reliability	(i.e.	reduced	failure	rate)	and	increased	asset	life.	The	performance-based	
contract	can	be	designed	to	encourage	the	OEM/repairer	to	improve	performance	of	the	DTs.	The	
contract	will	incentivize	OEM/repairer	on	overachievement	while	underachievement	will	be	liable	
for	penalty.	
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4. Methodology	
A	step-by-step	approach	was	adopted	during	the	Repair	execution	to	ensure	checks	&	validation	at	each	level	(See	below	methodology)		

	

	

	

DT	selection Pre	Repair	
testing

Design	Options	
&	Finalization

Repair	
Execution

Post	Repair	
Testing Reporting	

§ Requisitioned	
failed	DTs	from	
Repair	Centre	
for	PoC	

§ Loss	levels	were	
measured	at	
MTRU	in	presence	
of	MPPKVVCL	
representatives	

§ Multiple	design	
options	were	
prepared	

§ Final	Design	
Option	was	
reviewed	&	
approved	with	
MPPKVVCL	team	

§ Undertook	repair	
based	on	
finalized	design	
based	on	
performance	
improvement	
repair	options	

§ Loss	levels	was	
measured	at	
MTRU	in	
presence	of	
MPPKVVCL	
representatives	

§ The	results	were	
also	validated	by	
ERDA	by	
conduction	loss	
and	impedance	
measurement	test	
and	temperature	
rise	test	
	

§ Test	results	
were	recorded	
&	reported	to	
MPPKVVCL	
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5. Timelines	
	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

Sep/Oct 2019 
Commissioning of 
3rd DT back in the 
network (with I/P 
plus O/P 
metering) 

Dec 2017 
Approval from 
Technical 
Committee 

Feb 2018 
Pre-repair 
testing of 2 DTs 

Apr 2018 
 Repair 
Execution at 
MTRU 

Jun 2018 
Post repair 
testing at ERDA 

Aug 2018 
Interim results 
reporting 

Jan 2019 
Receipt of 3rd 
200 kVA DT for 
Repair (HV-
Cu;LV-Al) 

Feb 2019 
 Repair design 
finalization and 
execution at MTRU 

Sep 2018 
Commissioning of 
2 DTs back in the 
network (with I/P 
plus O/P 
metering) 

Jul 2018 
Validation of results 
at ERDA 

May 2018 
Post Repair 
testing of DTs 
at MTRU 

Mar 2018 
 Repair Design 
solution 
finalization in 
consultation 
with MTRU 

Feb 2018 
Receipt of 2 old 
DTs (100kVA 
and 200kVA) 

Jul 2019 
Post repair 
testing at ERDA 

Aug 2019 
Reporting results 
to MPPKVVCL 
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6. Repair	Options	
Repair	options	explored	for	performance	improvement	of	DTs	are	discussed	in	detailed.	

6.1. Option-1(A):	Improvement	for	Best	Performance	–	100	KVA	

This	option	envisages	to	achieve	lowest	losses	and	kVA	capacity	enhancement	of	existing	failed	DT.	
The	focus	is	on	reduction	of	full	load	losses	&	thereby	getting	maximum	possible	efficiency,	as	well	
as	the	capability	to	perform	under	overloading	conditions.	Design	of	existing	LV	&	HV	both	have	been	
altered	along	with	use	of	copper	in	place	of	existing	aluminum,	as	winding	material.								

6.1.1. ‘As-Is’	measurement	

The	below	table	summarizes	key	baseline	parameters	of	acquired	failed	100kVA	DT	and	its	related	
details:	

Parameters	 Units	 Value	 %	Deviation	from	ideal	values*	
Capacity	(kVA)	 KVA	 100	 -	
Make		 	 Swastik	Copper	 -	
Year	of	Mfg.	 	 2013	 -	
Sr.	No.		 	 SC/119243	 -	
Flux	Density		 Tesla	 1.55	 -	
LV	winding	material	 	 DPC	Al	 -	
No.	of	turns	(LV	winding)	 #	 76	 -	
HV	winding	material	 	 DPC	Al	 -	
No.	of	turns	(HV	winding)	 #	 3344	 -	
Total	Winding	Weight		 kg	 46.62	 -	
Impedance	 %	 3.84	 -	
Total	loss	 Watts	 2616	 30%	higher*	

Table	1.	Key	Baseline	Parameters	of	Distribution	Transformer-100kVA	

*1-star	as	per	old	BIS	standard:	Total	Loss	2020	Watts	

6.1.2. Solution	Design	

Based	 upon	 the	 baseline	 measurements,	 design	 options	 for	 repairs	 was	 worked	 out	 initially.	
Thereafter,	 in	 consultation	with	MPPKVVCL	 team	&	design	 experts	 they	were	 finalized	 as	 below	
(detailed	design	solution	is	mentioned	in	Annexure-A):	

Rating	 Solution	Design	 Core	
unchanged	

Designed	LV	
winding	
(Material,	#	of	
turns,	ID,	OD,	
Height)	

Designed	HV	
winding	
(Material,	#	of	
turns,	ID,	OD,	
Height)	

Estimated	
Total	Loss	as	
per	design	
(Watts)	

100	
kVA	
	

LV	&	HV	Copper	with	same	
no.	of	turns	&	optimally	
using	window	space	
(Reduced	losses;	increased	
kVA)	

Yes	 DPC	Copper,	76,	
122,	
163,	
432	

DPC	Copper,	
3344,	
181,	
241,	
95.5	

1469	

Table	2.		Design	Solutions	for	Repair-100kVA	
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6.1.3. Repair	Execution		
6.1.3.1. Pre-repair	testing	

The	execution	process	was	undertaken	with	pre-repair	testing	of	failed	DT	at	MTRU.	No	load	loss	
value	and	full	load	loss	value	were	measured.	The	testing	was	undertaken	in	presence	of	MPPKVVCL	
representative	as	per	IS	2026.		Some	images	are	shown	below:	

	
Figure	1.	Acquired	failed	DT	

	
Figure	2.	Setting	up	connections	for	testing	

	
Figure	3.	Pre-repair	Test	Measurements	

	
Figure	4.	MPPKVVCL	representative	&	team	recording	the	

data	

6.1.3.2. Repair	

After	 pre-repair	 testing,	 the	 Repair	was	 undertaken	 as	 per	 finalized	 designs.	 Sequence	 of	 repair	
activities	which	was	undertaken	is	as	follows:	

• Unstacking	 of	 core	 laminations	 and	 restacking	 them	 tightly	 to	 reduce	 air	 gap	 between	
laminations	

• Procuring	right	kind	of	material	(electrolytic	grade	copper	in	this	case)	for	winding	
• Placing	LV	and	HV	winding	as	per	design	spec	and	assembling	
• Assembled	transformer	was	moved	for	oven	drying	to	remove	moisture	
• Eventually,	oven	dried	transformer	was	placed	in	tank	as	final	assembly	
• Completing	painting	process	following	norms	
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Some	images	during	the	process	are	shown	below:	

	
Figure	5.	LV	winding	

	
Figure	6.	HV	winding		

	
Figure	7.	Tank	Placement	on	assembled	DT	

	
Figure	8.	Final	repaired	DT	

	

6.1.3.3. Post	Repair	Testing	

After	repair,	post	repair	testing	was	undertaken	in	presence	of	MPPKVVCL	representative	as	per	IS	
2026.	Some	images	are	shown	below:		
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Figure	9.	Setting	up	connections	for	testing	

	

Figure	10.	Testing	Connections	

	

Figure	11.	Post	Repair	Test	Measurements	

	

Figure	12.	MPPKVVCL	representative	&	team	recording	the	
data	

After	conducting	all	tests,	results	were	obtained	for	various	parameters	in	reference	to	the	baseline	
measurements.	Following	are	the	results	obtained:		
	

Key	Design	
Parameters	

Unit	 Specification	 Baseline	
(As-Is)	

Actual	Post	repair	
results	(measured	

at	MTRU)	

Actual	Post	repair	
results	(measured	

at	ERDA)	
Capacity	 kVA	 100.00	 86.41*	 100	 109**	
Year	of	
Manufacturing	

	 -	 2013	 -	 -	

Flux	Density	 Tesla	 1.55	 -	 -	 -	
LV	Winding	Material	 	 -	 DPC	Al	 DPC	Cu	 DPC	Cu	
#	of	LV	Turns	 #	 -	 76	 76	 76	
HV	Winding	
Material	

	 -	 DPC	Al	 DPC	Cu	 DPC	Cu	

#	of	HV	Turns	 #	 -	 3344	 3344	 3344	
Total	Loss	 Watt	 2020	 2616	 1461	 1463	
Impedance	 %	 4.5	 3.84	 4.12	 4.21	
Total	Winding	
Weight	

kg	 -	 46.62	 192.36	 192.36	

Table	3.	Baseline	v/s	Actual	results	as	per	design	specifications	for	100kVA	
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Post-repair	 enhanced	 efficiency	 levels	 were	 also	 validated	 by	 ERDA	 by	 conducting	 loss	 and	
impedance	measurement	tests.		

	

6.1.4. Cost-Benefit	Analysis	

For	cost-benefit	analysis,	ERDA	results	are	preferred	over	MTRU	results.			

6.1.4.1. Top	Results	

Summary	of	Cost	Benefit	Analysis	(CBA)	is	indicated	below.	The	detailed	CBA	and	assumptions	are	
attached	separately.		

Rating	of	
Transformer	

Yearly	units	saved	
over	baseline	
(kWh/year)	

Money	saved	in	
10	years	
(INR)	

Incremental	repair	costs	
over	normal	repairs	

(INR)	

Payback	
(years)	

100	KVA		
(Name	Plate)	

4779.3	 4,76,063	 86,789	 3.18	

86	KVA		
(Actual	observed	
Pre-repair)	

4779.3	 4,76,063	 86,789	 1.66	

	

Some	key	assumptions	made	for	payback	calculations:	

1. DT	loading	–	70%	
2. Average	Cost	of	Supply	(ACoS)	of	6.25	Rs.	/kWh	
3. 10%	CAGR	assumed	for	Average	Cost	of	Supply	
4. Normal	As-Is	repair	cost	for	100	KVA	DT	is	INR	11,520	and	for	200	KVA	is	INR	20,183	

*86kVA	rating	was	detected	based	on	pre-repair	test	results	and	when	calculated	with	reference	to	specified	

losses	by	below	formula:	

2358	Watt	(Measured)	=	1760	Watt	(Required)	x	Square	of	(100kVA	/	86.41kVA)	

**kVA	enhancement	inferred	and	estimated	from	ERDA	results	of	Temperature	rise	test	as	per	limits	of	IS	

2026	Part-2	

Calculation	of	enhanced	kVA	based	on	ERDA	test	results,	as	per	IS	2026	Part-2	

Check	of	temperature	rise	at	approx.	10%	enhanced	continuous	KVA	
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5. Incremental	repair	cost	over	and	above	normal	repair	is	used	for	payback	calculation.	(The	labor	
rates	for	repair	remains	similar	to	that	of	Normal	repair)	

6. 70%	term	loan	assumed	with	9.93%	rate	of	interest	

6.1.4.2. Scenario	Analysis	(considering	actual	86kVA)	

	
Sensitivity	to	CAGR	of	Avg.	Cost	of	Supply	
	
														Solution	

Payback	period	(years)	
For	0%	CAGR	 For	5%	CAGR	 For	10%	CAGR	
1.73	 1.69	 1.66	

	
Sensitivity	to	DTR	Loading	
As	case	for	increasing	DTR	load,	payback	period	will	further	reduce.	

	
								Solution	

Payback	period	(years)	
70%	DTR	Load	 80%	DTR	Load	 90%	DTR	Load	 100%	DTR	Load	
1.66	 1.28	 0.96	 0.85	

	
 

	
	

Sensitivity	to	increased	kVA	capacity	
If	an	additional	benefit	of	increased	kVA	capacity	(109kVA	from	86kVA)	is	considered,	then	
payback	will	reduce	further.			

	
								Solution	

Payback	period	(years)	
Increase	in	kVA	capacity	not	
considered	

Considering	Increase	in	kVA	
capacity			

3.18	 	1.66	
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6.1.4.3. Scenario	Analysis	(100kVA	as	per	base	nameplate)	

	
Sensitivity	to	CAGR	of	Avg.	Cost	of	Supply	
	
														Solution	

Payback	period	(years)	
For	0%	CAGR	 For	5%	CAGR	 For	10%	CAGR	
2.75	 2.64	 2.54	

	
Sensitivity	to	DTR	Loading	
As	case	for	increasing	DTR	load,	payback	period	will	further	reduce.	

	
								Solution	

Payback	period	(years)	
70%	DTR	Load	 80%	DTR	Load	 90%	DTR	Load	 100%	DTR	Load	
2.54	 1.87	 1.48	 1.21	

	

	
	

Sensitivity	to	increased	kVA	capacity	
If	an	additional	benefit	of	increased	kVA	capacity	(109kVA	from	100kVA)	is	considered,	then	
payback	will	reduce	further.			

	
								Solution	

Payback	period	(years)	
Increase	in	kVA	capacity	not	
considered	

Considering	Increase	in	kVA	
capacity			

3.18	 	2.54	

	
Sensitivity	to	Salvage	value	of	Cu	at	the	end	of	service	Life	
The	salvage	value	of	Cu	does	not	impact	the	payback	but	improves	the	Project	IRR	(Internal	Rate	of	
Return)	
	

Project	IRR	(%)	with	Cu	Salvage	value	
@ACoS	6.25	Rs.	/kWh	
86kVA	 60.85	
100kVA	 49.66	
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6.2. Option-1(B):	Improvement	for	Best	Performance	–	200	KVA	
	

This	option	envisages	to	achieve	lowest	losses	and	kVA	capacity	enhancement	of	existing	failed	DT.	
The	focus	is	on	reduction	of	full	load	losses	&	thereby	getting	maximum	possible	efficiency,	as	well	
as	the	capability	to	perform	under	overloading	conditions.	Design	of	existing	LV	&	HV	both	have	
been	altered	along	with	use	of	copper	in	place	of	existing	aluminum,	as	winding	material		
	
6.2.1. ‘As-Is’	measurement	
The	failed	transformer	was	allotted	from	old	purchase	orders	before	the	enforcement	of	IS:1180	P-
1-2014	where	50%	and	100%	load	losses	were	mentioned.	Hence,	the	‘As-Is’	losses	were	assumed	
as	per	the	GTP	of	the	failed	transformers,	as	per	the	relevant	PO's	where	No	Load	Loss	were	500W	
(for	200	KVA)	and	full	load	loss	value	is	assumed	to	be	the	maximum	expected	values	after	repairs.	

Parameters	 Unit	 ‘As-Is’	Value	 %	Deviation	from	ideal	values*	
Capacity		 KVA	 200	 -	
Make		 	 Electron	Indore	 -	
Year	of	Mfg.	 	 NA	 -	
Sr.	No.		 	 99651	 -	

Flux	Density		 Tesla	 1.55	 -	
LV	winding	material	 	 DPC	Al	 -	
No.	of	turns	(LV	winding)	 #	 42	 -	
HV	winding	material	 	 DPC	Al	 -	
No.	of	turns	(HV	winding)	 #	 1848	 -	
Total	loss	 Watts	 3850	 -	
Impedance		 %	 4.5	 -	
Total	Winding	Weight		 kg	 86.19	 -	

Table	4.	Key	Baseline	Parameters	of	Distribution	Transformer-200kVA	

*1-star	as	per	old	BIS	standard:	Total	Loss	3500	Watts	

	

6.2.2. Solution	Design	

Based	 upon	 the	 baseline	 measurements,	 design	 options	 for	 repairs	 was	 worked	 out	 initially.	
Thereafter,	in	consultation	with	MPPKVVCL	team	&	design	experts	they	were	finalized	as	below:	

Rating	 Solution	Design	 Core	
unchanged	

Designed	LV	
winding	
(Material,	#	of	
turns,	ID,	OD,	
Height)	

Designed	HV	
winding	
(Material,	#	
of	turns,	ID,	
OD,	Height)	

Estimated	
Total	Loss	
as	per	
design	
(Watts)	

200	
kVA	

LV	&	HV	Copper	with	same	
no.	of	turns	(Reduced	Full-
Load;	increased	kVA)	

Yes	 DPC	Copper,	
42,		
165,		
220,		
405	

DPC	Copper,	
1848,		
240,		
311,		
56	

2261	

																																																																																Table	5	Design	Solution	for	Repair-200kVA	
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6.2.3. Repair	Execution	

After	conducting	all	tests,	results	were	obtained	for	various	parameters	in	reference	to	the	baseline	
measurements.	Post-repair	technical	loss	reduction	was	validated	by	ERDA	by	conducting	loss	and	
impedance	measurement	tests.	Following	are	the	results	obtained:	

	

Key	Design	
Parameters	

Unit	 Specification	 Baseline	
(As-Is)	

Actual	Post	repair	
results	(measured	

at	MTRU)	

Actual	Post	repair	
results	(measured	

at	ERDA)	
Capacity	 kVA	 200	 200	 200	 200	
Year	of	
Manufacturing	

	 -	 2004	 -	 -	

Flux	Density	 Tesla	 1.55	 -	 -	 -	
LV	Winding	
Material	

	 -	 DPC	Al	 DPC	Cu	 DPC	Cu	

#	of	LV	Turns	 #	 -	 42	 42	 42	
HV	Winding	
Material	

	 -	 DPC	Al	 DPC	Cu	 DPC	Cu	

#	of	HV	Turns	 #	 -	 1848	 1848	 1848	
Total	Loss	 Watt	 3000	 3850	 2319	 2297	
Impedance	 %	 4.5	 -	 4.36	 4.42	
Total	Winding	
Weight	

Kg	 -	 86.19	 297.45	 297.45	

Table	6	Baseline	v/s	Actual	results	as	per	design	specifications	for	200kVA	

	

6.2.4. Cost	Benefit	Analysis	

Summary	of	Cost	Benefit	Analysis	(CBA)	is	indicated	below.		

6.2.4.1. Top	Results	
	

200	KVA	
Yearly	units	saved	over	
baseline	
(kWh/year)	

Money	saved	in	10	
years		
(INR)	

Incremental	repair	
costs	over	normal	
repairs	(INR)	

Payback		
(years)	

4858.84	 3,03,677.5	 1,31,529.25	 3.55	

Calculation	of	enhanced	kVA	based	on	ERDA	test	results,	as	per	IS	2026	Part-2	

Check	of	temperature	rise	at	approx.	10%	enhanced	continuous	KVA	
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6.2.5. Scenario	Analysis	

Sensitivity	to	CAGR	of	Avg.	Cost	of	Supply	
	
						Solution	

Payback	period	(years)	
For	0%	CAGR	 For	5%	CAGR	 For	10%	CAGR	
4.21	 3.77	 3.55	

	

Sensitivity	to	DTR	Loading	
	
						Solution	

Payback	period	(years)	
70%	DTR	Load	 80%	DTR	Load	 90%	DTR	Load	 100%	DTR	Load	
3.55	 2.83	 1.99	 1.61	

	
	

	
	
Sensitivity	to	increased	kVA	capacity	
If	an	additional	benefit	of	increased	kVA	capacity	(219kVA)	is	considered,	then	payback	will	reduce	
further.			

	
						Solution	

Payback	period	(years)	
Increase	in	kVA	capacity	not	considered	 Considering	Increase	in	kVA	capacity			
4.56	 3.55	

 

Sensitivity	to	Salvage	value	of	Cu	at	the	end	of	life	
The	salvage	value	of	Cu	does	not	impact	the	payback	but	improves	the	Project	IRR	(Internal	Rate	of	
Return)	
	

Project	IRR	(%)	with	Cu	Salvage	value	
@ACoS	6.25	Rs.	/kWh	
200kVA	 37.13	
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6.3. Option-2:	Improvement	for	Cost-effective	Capacity	Enhancement	

This	option	envisages	cost-effective	efficiency	improvement	along	with	KVA	enhancement.	With	an	
optimum	initial	cost,	The	focus	is	on	capability	to	perform	under	overloading	conditions,	reduction	
of	full	load	losses	&	thereby	getting	improved	efficiency,	Design	of	existing	LV	&	HV	both	have	been	
altered	along	with	use	of	copper	for	HV		&	Aluminum	for	LV,		in	place	of	existing	aluminum	in	both	,	
as	winding	material	

6.3.1. ‘As-Is’	Measurement	

The	below	table	summarizes	key	baseline	parameters	of	acquired	failed	100kVA	DT	and	its	related	
details:	

Parameters	 Unit	 ‘As-Is’	Value	 %	Deviation	from	ideal	values*	
Capacity		 KVA	 200	 -	
Make		 	 -	 -	
Year	of	Mfg.	 	 -	 -	
Sr.	No.		 	 -	 -	

Flux	Density		 Tesla	 -	 -	
LV	winding	material	 	 DPC	Al	 -	
No.	of	turns	(LV	winding)	 #	 42	 -	
HV	winding	material	 	 DPC	Al	 -	
No.	of	turns	(HV	winding)	 #	 1848	 -	
Total	Winding	Weight		 kg	 100.3	 -	
Impedance		 %	 4.5	 -	
Total	Loss		 Watts	 3865*	 -	
*Could	not	measure	total	loss	hence	assumed	spec	+	allowed	total	loss	deviation	(10%)	for	a	200kVA	1-star	DT	

6.3.2. Solution	Design	

Based	 upon	 the	 baseline	 measurements,	 design	 options	 for	 repairs	 was	 worked	 out	 initially.	
Thereafter,	in	consultation	with	MPPKVVCL	team	&	design	experts	they	were	finalized	as	below:	

Rating	 Solution	Design	 Core	
unchanged	

Designed	LV	
winding	
(Material,	#	of	
turns,	ID,	OD,	
Height)	

Designed	HV	
winding	
(Material,	#	
of	turns,	ID,	
OD,	Height)	

Estimated	
Total	Loss	
as	per	
design	
(Watts)	

200	
kVA	

LV	Aluminum	&	HV	Copper	
with	same	no.	of	turns	

Yes	 DPC	
Aluminum,	42,		
167,		
221,		
400	

DPC	Copper,	
1848,		
243,		
310,		
55	

2418	
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6.3.3. Repair	Execution	

After	conducting	all	tests,	results	were	obtained	for	various	parameters	in	reference	to	the	baseline	
measurements.	Post-repair	technical	loss	reduction	was	validated	by	ERDA.	Following	are	the	results	
obtained:	

Key	Design	Parameters	 Unit	 Specification	 Baseline		
(As-Is)	

Actual	Post	repair	results	
(measured	at	ERDA)	

Capacity	 kVA	 200	 200	 200	
Year	of	Manufacturing	 	 -	 -	 -	
Flux	Density	 Tesla	 1.55	 -	 -	
LV	Winding	Material	 	 -	 DPC	Al	 DPC	Al	
#	of	LV	Turns	 #	 -	 42	 42	

HV	Winding	Material	 	 -	 DPC	Al	 DPC	Cu	

#	of	HV	Turns	 #	 -	 1848	 1848	
Total	Loss	 Watt	 3500	 3850	 3029	
Impedance	 %	 4.5	 -	 4.2	
Total	Winding	Weight	 kg	 -	 100.50	 178	

Table	7.	Baseline	v/s	Actual	results	as	per	design	specifications	for	200kVA	(HV-Cu;	LV-Al)	

Some	images	of	repair	execution	

	

 
Figure 13. Acquired failed DT 

 
Figure 14. Pre-repair testing 
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Figure	15.	Acquired	failed	DT	core	

	
Figure	16.	DT	Nameplate	

	

6.3.4. Cost	Benefit	Analysis	

Summary	of	Cost	Benefit	Analysis	(CBA)	is	indicated	below.		

6.3.4.1. Top	Results	
	

200	KVA	
Yearly	units	saved	over	
baseline	
(kWh/year)	

Money	saved	in	10	
years		
(INR)	

Incremental	repair	
costs	over	normal	
repairs	(INR)	

Payback		
(years)	

8,927	 8,89,240	 77,917	 1.13	
	

6.3.5. Scenario	Analysis	
Sensitivity	to	CAGR	of	Avg.	Cost	of	Supply	
	
						Solution	

Payback	period	(years)	
For	0%	CAGR	 For	5%	CAGR	 For	10%	CAGR	
1.14	 1.13	 1.13	

	

Sensitivity	to	DTR	Loading	
	
						Solution	

Payback	period	(years)	
70%	DTR	Load	 80%	DTR	Load	 90%	DTR	Load	 100%	DTR	Load	
1.13	 0.78	 0.60	 0.48	
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Sensitivity	to	increased	kVA	capacity	
If	an	additional	benefit	of	increased	kVA	capacity	(228	kVA)	is	considered,	then	payback	will	
reduce	further.			

	
						Solution	

Payback	period	(years)	
Increase	in	kVA	capacity	not	considered	 Considering	Increase	in	kVA	capacity			
1.52	 1.13	

Sensitivity	to	Salvage	value	of	Cu	at	end	of	life	
The	salvage	value	of	Cu	does	not	impact	the	payback	but	improves	the	Project	IRR	(Internal	Rate	of	
Return)	
	

Project	IRR	(%)	with	Cu	Salvage	value	
@ACoS	6.25	Rs.	/kWh	
200kVA	 86.51%	
	

7. Post	Repair	Monitoring	of	DTs	
Post	Repair	metering	was	done	on	both	sides	of	the	DTs	(both	100	kVA	and	200	kVA)	with	MPPKVVCL	
team.	The	metering	will	help	monitor	the	performance	of	Repaired	DTs.	
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Figure	17.	Metering	on	Repaired	200	kVA	DT	

	
Figure	18.	Metering	on	Repaired	100	kVA	DT	

8. Key	Observations		
Following	are	some	key	observations	drawn	from	tests	and	cost	benefit	analysis:	

1. Old	DT	has	high	technical	losses	with	large	deviation	from	spec	values	
	

	 100	KVA	 200	KVA	 200	KVA		
(HV-Cu;	LV-Al)	

Total	loss	 +30%	 -	 +34%	
	

2. 	Repair	does	help	in	technical	loss	reduction	(compared	to	spec	+	allowed	deviation	values).		
	

	 100	KVA	 200	KVA	 200	KVA		
(HV-Cu;	LV-Al)	

Total	Loss	 -34%	 -40%	 -21%	
	

3. Actual	 Repair	 results	were	 close	 to	 the	 estimations	 (in	 100kVA	 DT	 results	were	 better	 than	
estimations).	
	

	 Assumed	Designed	
values	

Actual	observed	
(at	MTRU)	

Actual	observed		
(at	ERDA)	

For	100	KVA	 	
Total	Loss	(W)	 1469	 1461	 1463	
For	200	KVA	 	
Total	Loss	(W)	 2261	 2319	 2297	
For	200	KVA	(HV-Cu;	LV-Al)	
Total	Loss	(W)	 2418	 Not	Measured	 3029	
	



Repair	for	Performance	Improvement	of	DTs	for	MPPKVVCL	

 
 

22 

4. Cost	Benefit	Analysis	is	as	follows	

Payback	Period	(Yrs.)	 86	KVA	 100	KVA	 200	KVA	 200	KVA	(Cost	
effective	design)	

Without	KVA	
Enhancement	

3.18	 3.18	 4.56	 1.52	

With	KVA	
Enhancement	

1.66	 2.54	 3.55	 1.13	

	

4.1. Additional	substantiated	sensitivity	analysis	brings	2-5	years’	payback	period	for	real	life	
assumptions,	indicating	high	potential	opportunity	and	requiring	deeper	exploration.		
	

5. It	 is	 evident	 from	 the	Post	 repair	 test	 results	 that,	 in	 addition	 to	 the	 increased	 efficiency	 the	
continuous	loading	ability/capacity	of	both	100	&	200	KVA	Transformers	is	increased	to	109	KVA	
&	219	KVA	respectively	without	affecting	the	Temperature	Rise	limits	&	Impedance	Parameters	
of	IS	2026.	The	KVA	benefit	is	even	more	on	comparing	109	KVA	with	86.41	KVA.	The	third	model	
(LV=Al;	HV=Cu)	shows	even	better	results	with	payback	period	in	1.5	year.	
	

6. As	the	design	values	are	fairly	close	to	actual	achieved	loss	reduction,	it	can	be	inferred	that	DTs	
can	have	a	baseline	for	technical	losses	at	on-site	then	the	close	estimation	of	‘To-Be’	loss	levels	
and	associated	CBA	can	be	undertaken.	Further,	business	as	usual	repair	practices	do	not	address	
the	issue	of	higher	losses.	
	

7. Upgradation	of	old	DTs:		Repair	enhances	the	performance	of	the	old	DT	to	a	level	of	Energy	
Efficiency	stipulated	as	per	IS	1180	specially	at	higher	loading	conditions	

	

	

	

	

	

	

	

	

*Total Losses values are calculated at 70% DTR loading
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9. Key	Recommendations	
1. Modify	existing	in-house	DT	repair	process:	DTs	being	repaired	in-house	must	go	through	a	

process	change	due	to	inefficient	existing	repair	practices	(e.g.	poor	design,	workmanship,	sub-
standard	material	etc.).	Some	suggested	changes	are:	
a. Pre-repair	testing	of	DTs	to	be	done	to	check	the	loss	levels	
b. DTs	to	be	opened	to	check	for	core/	winding	damage	
c. Design	improvement	option	to	be	explored	to	enhance	capacity	and	reliability	of	the	DT	
d. Winding	replacement	to	be	done	by	using	standard	material	(preferably	copper)	
e. Post	repair	testing	to	be	conducted	to	measure	losses	and	at	times	temperature	rise	test	to	be	

conducted	to	check	capacity	enhancement	
f. On	a	sample	basis,	repaired	DTs	to	be	tested	at	accredited	lab	(e.g.	CPRI/ERDA)	

	
2. Introduce	performance-tied	repair	contract:	DTs	being	repaired	by	the	vendors	(outsourced)	

must	be	tied	with	its	performance.	A	performance-tied	repair	contract	needs	to	be	drafted	for	
improvement	in	the	loss	levels/kVA	capacity	of	the	DT.	Under	this	contract,	repairer	will	have	to	
improve	the	DT	performance	(i.e.	losses)	by	certain	percentage,	which	on	achievement	will	gain	
incentives	to	repairer	whereas	underachievement	will	be	liable	to	penalty.	
	

3. Strengthen	Repair	Standard	Operating	Procedure	(SOP):	A	standardized	repair	practice	must	
be	 followed	 for	 efficient	 repair	 of	 DTs.	 Strengthening	 the	 SOP	 shall	 benefit	 the	 DISCOM	 in	
acquiring	good	quality	repaired	DTs,	 thereby	 increasing	 its	operational	 life	 in	 the	network.	 In	
addition,	these	repaired	DTs	shall	perform	equivalent	to	new	procured	DTs	and	help	DISCOM	in	
reducing	procurement	costs.	

	

10. Applicability	to	broader	MPPKVVCL	utility	
1. MPPKVVCL	is	the	large	power	distribution	company	in	India	with	total	DTs	count	2,25,296.	The	

AT&C	losses	is	around	29%	as	per	performance	indicator	of	MPPKVVCL.	
2. The	 above	 concept	 has	 been	 explored	 for	 two	 sample	 DT	 only.	 However,	 depending	 on	 the	

condition	of	DTs,	some	of	them	may	have	to	be	scrapped	while	some	of	them	can	be	repaired	
under	this	concept.	

3. Also,	the	concept	involves	costing	which	may	be	different	for	different	manufacturers	depending	
on	the	design	specifications.		

4. There	can	be	other	business	models	like	incentivizing	vendors	to	reduce	NL	and	FL	losses	below	
ideal	values,	etc.	with	payback	period	ranging	from	2-5	years.	

5. Base	on	the	estimation	of	loss	deviations	of	Discom	data	and	representing	at	MPPKVVCL	level,	it	
is	 observed	 that	 DTs	 contribute	 ~5%	 of	 technical	 losses	 at	 overall	 utility	 level,	 resulting	 in	
~1302.92	MU	loss	(assuming	avg.	cost	of	power	supply	as	6.25	kWh/unit).	
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Scenario	1	(if	DTs	
perform	as	per	

specs)	

Scenario	2	(if	DTs	
are	at	acceptable	
loss	levels)	

Scenario	3	(if	losses	
are	high	deviated	

from	spec)	

Scenario	4	(if	
DTs	Repaired)	

%loading	 50%	 50%	 50%	 50%	

%deviation	of	No-load	loss	 0%	 15%	 15%	 +10%	

%deviation	of	Full	load	loss	 0%	 15%	 30%	 -30%	

Estimated	total	losses	
(MUs/year)	

1,048	 1,206	 1,302	 896	

%	Total	losses	with	respect	to	
energy	input	

4.51%	 5.19%	 5.61%	 3.86%	

Total	DT	technical	losses	(Cr.)	 655.59	 753.93	 814.32	 560.10	

	
Assumptions	
Total	Transformers	 #	 2,25,296	
Avg.	Loading	 %	 50%	
Avg.	Cost	of	power	supply	 kWh/unit	 6.25	
Total	revenue	of	MPPKVVCL	(as	per	ARR	2017-18)	 Cr.	 11,364		

Energy	Input	(as	per	ARR	2017-18)	 MU/year	 23,242		
	
6. If	5%	technical	loss	can	be	brought	down	to	3%	(based	on	best	performing	utility’s	standard)	

through	effective	&	DT	repair	&	maintenance,	it	can	save	nearly	INR	254	Cr.	per	year	(approx.	
3.83%	of	Avg.	revenue)	

6.1. Even	if	71%	of	MVA	capacity	(less	than	200kVA)	is	Repaired	it	can	save	nearly	180	Cr./year	
	
	
	

	
	

	

Ø Old DTs have potentially higher technical losses than being thought (i.e. ~5%) causing loss of 
INR 814 Cr. annually. 

Ø  Repair has the potential to reduce the technical losses and upgrade the DTs performance 
equivalent to Energy Efficiency levels as specified by IS 1180. It can save nearly INR 254 Cr. per 
year (approx. 3.83% of Avg. revenue) 
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Annexures	
Annexure	A:	Snapshot	of	Post	Repair	Reports	for	100kVA	and	200kVA	DT	
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		Annexure	B:	Snapshot	of	Losses	Chart	from	recent	TS-1116				

	

	Annexure	C:	Snapshot	of	ERDA	Test	Result	100kVA	
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Annexure	D:	Snapshot	of	ERDA	Test	Result	200kVA	
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Annexure	E:	Snapshot	of	ERDA	Test	Result	200kVA	(HV-Cu;	LV-Al)	
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