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Older plants 
consume a high 
percentage of 
power produced 
for its own 
operation

Source: Authors’ 
analysis based on 
compilations from 
various generation tariff 
orders

Descriptive results and corollaries
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Improving the efficiency of the coal 
fleet by 6%, would reduce the CO2 
emissions by ~ 42 MT.
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4. Results of generation 
reassignment and impacts

As illustrated in the previous chapter, there are quite a few distortions in the way the 
power system is structured, giving rise to a thermal generation profile that is inefficient 

(as measured by the SHR), wasteful, and possibly proving to be expensive for the discoms 
and end-consumers. We demonstrate a high-level reassignment of generation across assets 
in a bid to improve efficiency and examine if such a reassignment leads to overall reduction 
in cost of power procurement.

To do this, we determine the SHR for all generation stations in the mix based by assigning 
a graded PLF to plants—highest for newest vintage to lowest for the oldest vintage plants 
(as explained in Chapter 2). The target PLFs are laid out in Table A1 of the Annexure. The 
parametric equation derived earlier to represent SHR is used in estimating SHR across 
plants. Given that they capture the typical operation of the power plant, there is significant 
slack in the PLFs to cater to a higher demand and leave some slack for considerations 
of peak demand or contingencies. The average daily generation requirement (median 
generation is about the same) over the 30-month period is considered for the reassignment. 
For the period September 2017 to February 2020, the average daily generation was 2,722 MU. 
We order the plants based on their evaluated SHR and assign generation to the plants, until 
their target PLFs are met. The generation then spills over to the next plant and then to the 
next iteratively until the entire generation need is met by the stack of plants. The generation 
stack will differ from the actual generation stack, as the dispatch criteria invoked in this 
exercise is generation efficiency and not variable cost or any other criteria.

We assess the individual variable cost of generation for plants by including the appropriate 
parameters into the parametric equation describing the variable costs (Equation 2, Chapter 
2). We then evaluate the total variable cost of generating electricity, by summing up the 
individual generation cost of each dispatched plant in the efficiency stack order.

In our assessment, we have determined that nearly 50 GW of thermal generation capacity 
is surplus to the requirements of daily average generation needs of the system in the 
30-month period and are not called on to generate any electricity. Even while catering to the 
current demand, the requisitioned fleet is operating at an aggregate PLF of 78.9 per cent. 
The PLF of the generating thermal fleet was at 58.5 per cent in the base case, as explained 
already. The vintage profile of the plants retained in the generation stack and rendered 
surplus is as indicated in Table 2.

50 GW of  
coal-based 
capacity is 
potentially 
surplus to our 
needs
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Age group
Total capacity 

(MW)

Surplus capacity 

(MW)
% Rendered surplus

0–5 years 48,365 605 1%

5–10 years 76,983 5168 7%

10–15 years 18,475 8885 48%

15–20 years 7155 3155 44%

20–25 years 7860 5860 75%

25–30 years 10,646 7146 67%

30–35 years 12,561 7561 60%

35–40 years 8501 8501 100%

40–45 years 2335 2335 100%

45+ years 1142.5 1142.5 100%

Total 1,94,024 50,359 (26,686) 26%

The plants that have been identified as surplus to the needs of the system are listed in the 
annexure (Table A7). A discussion on their future prospects is provided later in Section 4.3.

We now focus on the implications of this reassignment on the overall efficiency of the 
generation fleet, coal savings, the overall cost of generation, the need for retrofitting with 
pollution control technologies, the regional and state-wise change in thermal generation 
profile, the ramping up capacity of thermal fleet, and finally, on the ability of the retained 
fleet to support future demand.

4.1 Implications for efficiency, coal consumption, and 
variable cost of generation

On reassignment, we find an overall improvement in efficiency, in relative terms, of about 6 
per cent. The SHR of the fleet as a whole would improve from 2,898 kcal/kWh to 2,719 kcal/
kWh. This translates into an absolute improvement in the efficiency of generation from 29.7 
per cent to 31.6 per cent. This is a logical and expected outcome, as plants are now being 
dispatched based on an efficiency stack order and not a variable cost stack order. Many older 
(by age) plants that are low on efficiency are not requisitioned any more.

This is expected, because of the overall improvement in efficiency and how it bears a linear 
relationship with energy input (expressed in kcal). The total reduction in coal consumption 
stands at 42 MT (6 per cent reduction) of coal. Figure 10 shows that plants that are over 
30 years of age consume over 104 MT of coal annually. As most of these plants are not 
requisitioned in our reassignment, they contribute to a large extent to the savings on coal.

Annual coal consumption (MT)

 0-5 years

5-10 years

25-30 years

30-35 years

35-40 years

40-45 years

45+ years

10-15 years

15-20 years

20-25 years
104 56

33

9

6119

275

71 31
34

45
Figure 10 
In the base case, 
15 per cent of 
total annual coal 
requirement 
comes from plants 
over 30 years of 
age

Source: Authors’ 
analysis based on CEA 
monthly coal statement

Table 2 
Much of the 
older capacity is 
deemed surplus 
to the needs of 
the system in the 
analysis period

Source: Author’s 
analysis 
Note: The ones 
indicated in red are 
older than 25 years, the 
economic life of plants 
as per CERC
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How does savings on coal contribute to variable costs? We further evaluate the variable cost 
savings by computing the difference between total cost of generation in the actual scenario 
and the reassigned scenario. To do this, we use the parametric estimation equations we 
arrived at, as described in Chapters 2 and 3. We rewrite the expression representing variable 
costs (Equation 2, Chapter 2) as follows: 

Variable cost = Constant + B1*SHR+ B2*Delivered coal price+ B3*Age +B4*Unit size+ 
B5* auxiliary consumption …... (2)

Delta_variable cost = Delta_SHR + Delta_Delivered Coal Price + Delta_Age + Delta_Unit 
size + Delta_auxiliary consumption …... (3)

In order to assess the difference in total variable cost of generation in each scenario, and 
the contribution from the various determinant (significant) factors, we rejig Equation 2 to 
the form of Equation 3. In Equation 3, the total quantum of generation from each plant in 
each scenario is already factored in. From this equation, we find that the contribution of 
efficiency as represented by the SHR term is INR 1,968 crore. Other variables like age and unit 
size, which are also the determinants of SHR (as shown in Equation 1, Chapter 2), contribute 
around INR 11,214 crore. 

The impact of delivered coal price is negative, as expected, as the price of coal to new 
plants in the efficient stack is higher than in the base case. The loss as a result of increase 
in the delivered price of coal is INR 5,133 crore. The reassigned fleet also has a significantly 
lower auxiliary consumption, as many of the older plants are not generating as much 
anymore. The savings associated with improved auxiliary consumption performance of the 
fleet amounts to INR 916 crore. As per our assessment, the total variable cost savings were 
evaluated to be INR 8,944 crore. The formulation of the parametric representation of variable 
cost can be rethought by collecting more data and further disaggregation, which might shift 
the balance of contribution of different factors.

4.2 Implications for investment in pollution retrofits

For continued operation of plants, beyond their economic life, they need to comply with 
environmental norms, specifically for pollutant emissions such as sulphur oxides (SOx), 
nitrogen oxides (NOx), and particulate matter (PM). As per the norms laid out for power 
plants in the 2015 notification by the MoEFCC (MoEFCC, 2015), nearly 166 GW worth of 
capacity was identified as needing to install pollution control retrofits, specifically flue 
gas desulphurisation systems (FGD) to control for SOx. This has been an issue of major 
contention, as plants have been slow to comply with the norms. This situation was further 
aggravated by state electricity regulatory commissions (SERCs) showing a lax attitude and 
uncertainty in implementing (in letter and spirit) the ‘change in law’ provision that this 
notification brought in. Even those plants that have desired to be in compliance and began 
the process in earnest were ensnared in process and legal bottlenecks (APTEL, 2020).

At the core of the morass, that is the retrofitting process for compliance, is the unwillingness 
of actors across the board to invest and allow for investments to be recouped from the 
customer. It is deemed to be a burden on a consumer base that is already unwilling to pay for 
electricity service provision (PFC, 2020; Aggarwal & Ganesan, 2020; Banga, 2018). The most 
recent notification from MoEFCC (MoEFCC, 2021), allowing for a further delay in retrofits 
till 2025 is a further indication of the unwillingness of policymakers to push the plants for 
compliance and the lax implementation regime. However, given the implications for human 
health, of continued emissions from power plants, it is imperative that a middle ground will 
have to be found for ways to efficiently and expeditiously install retrofits.

Results of generation reassignment and impacts

In catering to 
our current 
level of demand, 
42 MT of coal 
can be saved 
by improving 
efficiency of 
generation

The delivered 
coal price of 
the reassigned 
fleet is higher 
than the base 
case, as the coal 
transportation 
distance 
increases
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In a 2019 study, we found that 39 GW of capacity, which was indicated for retirement by 
2027, would cost the system INR 14,300 crore in retrofits for reining in SOx emissions (Garg et 
al. 2019). An assessment of the plants that were deemed surplus to the needs, in this study, 
suggested that nearly 35 GW of capacity of the identified surplus 50 GW was part of the CEA 
notification to meet the new emissions standards. Of this 35 GW, only 1.5 GW complies with 
the emissions norms and has installed flue gas desulphuriser (FGD) systems. The remaining 
plants are at various stages of the process (of compliance) while a bulk of the plants (more 
than 60 per cent) are yet to issue any formal tender to a potential contractor. Details of the 
various stages at which plants are in the process of installing retrofits is indicated in Table 
A9 in the Annexure.

We find that if this 33.5 GW worth of plants are deemed surplus, the costs involved in 
retrofitting these plants can be considered as a saving, though it is a one-off saving. The 
total cost of retrofitting these plants was estimated to be INR 10,250 crore, based on the same 
methodology used in Garg et. al (2019). The savings are primarily from avoiding retrofits for 
FGD in these non-operational plants.

4.3  Overall implications of reassigning the generation mix

Our assessment finds that the reassigned generation mix provides for the same demand as 
in the base/actual scenario, with INR 8,944 crore lower variable cost. A significant portion 
of this savings is attributable to the savings from avoided coal consumption, on account 
of higher energy efficiency of the system. The reassignment prevents nearly 42 MT of coal 
from being unnecessarily consumed annually and also proportionately reduces the GHG 
and criteria pollutant emissions and generation of fly ash.  Additionally, we find that one-
time savings of INR 10,250 crore in avoided pollution retrofit costs can also be made. This 
of course does not capture the recurring benefits of avoided variable costs in pollution 
abatement from these plants that are deemed surplus.

In earlier sections (and indeed throughout the report) we refer to the reassigned scenario 
(based on an efficient stack) and to plants that are deemed surplus to the requirements of the 
reassigned scenario. However, we have stopped short of commenting on what happens to 
these plants that are deemed surplus. The plants that are not dispatching in the reassigned 
scenario will continue to service the debt obligations, have fixed operation and maintenance 
(O&M) expenditure of plants (including salaries for staff), and general up-keep of the 
facility. These costs will remain the same in the actual and reassigned scenario. The CEA, 
in the National Electricity Plan (2018), has specified a clear timeline for decommissioning 
coal-based assets to the extent of 42 GW by 2027. We find that 30 GW of capacity that has 
been identified as surplus in our analysis also finds place in the CEA’s assessment for 
decommissioning by 2027. This 30 GW of capacity must necessarily be considered 
for accelerated decommissioning, possibly before the CEA timelines to realise savings 
explained before. Additional savings could be realised from decommissioning these plants, 
through sound financial engineering, which captures the value of reducing risks from future 
cash-flow challenges for these assets if they are decommissioned now than later.

A further 20 GW of capacity that we have identified as surplus in our analysis primarily 
consists of plants that are younger than 25 years (as of February 2020). There is clearly a 
use case for these plants, though they were deemed surplus to the needs of the system 
based on efficiency considerations. For these plants, a temporary moth-balling could be 
considered and they would not be requisitioned or considered in the MoD stack by load 
dispatch centres, unless and until there is a clear need for this capacity to come online. 
Again, given that fixed cost payments will continue to be made to these facilities, we expect 
that the general up-keep of the facility will be possible and the plants will be able to come 
online, with sufficient notice and preparations. 

More than INR 
10,000 crore 
in savings 
from avoided 
pollution control 
retrofits, in 
favour of early 
decommissioning


