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Energy Optimization Steps Toward Net Zero
India’s refineries are setting the pace for decarbonization

Jagadesh Donepudi, Mayur Talati, Chris Bealing

Abstract
As much as energy transitions to renewables, green hydrogen, fuel cells etc are work in progress, energy 
efficiencies and improvements will always remain practical pathways not only to improve profitability of a 
plant’s operations but also to reduce green house gas emissions. In this article a comprehensive energy op-
timization program is laid out, how to go about it and how digitalization enables and expedites it scientifically 
and in measurable manner.

Introduction

India’s announcement of ambitious plans to tackle cli-
mate change is a watershed moment for the interna-
tional fight against global warming. This initiative is in 

response to the 21st annual Conference of Parties (COP21) 
held in 2015. During this conference, delegates agreed to 
limit global warming to 2°C and work towards zero net 
carbon emissions. Therefore, India’s oil and gas refineries 
are on a transformation path to reach net zero by 2070, with 
most planning to meet this target between 2035 and 2050. 
This ambitious target will be achieved through a combina-
tion of both operating performance improvement activities 
and capital investments that lower capital expenditures 
and carbon emissions. 

To reach this goal, industry leaders are taking steps to 
transition the energy sector to a clean energy economy. 
According to the leading GHG Protocol corporate stan-
dard, industrial emissions can be either direct or indirect 
and are categorized into three different scopes as shown 
in Figure 1. While Scope 1 and 2 emissions require manda-
tory reporting, Scope 3 is not only voluntary but also diffi-
cult to monitor and has the greatest negative impact on so-
ciety. Scope 1 emissions are mainly derived from heating, 
which typically uses hydrocarbon combustion. However, 
as renewable resources become more widespread, this re-
lationship will break down, making process heating more 
economically feasible. Scope 2 and 3 emissions are caused 
by power generation and transportation fuel, respective-
ly. Currently, renewable electricity is displacing fossil fuels 
while low cost battery storage is threatening to replace liq-
uid fuels. Overall, energy improvements could contribute 
to reducing emissions by 20-30% from total green house 
gas emissions. 
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Situation
Currently, Indian refineries are concerned about 

energy efficiency while maintaining or increasing pro-
duction volumes. Most Indian refineries have con-
ducted benchmarking and energy optimization stud-
ies where each refinery maintains a forward-looking 
list of energy saving improvements. Although they 
have various starting points, maturity, and constraints, 
the common denominator includes being first-quartile 
performers in line with the corporate vision. However, 
few refineries have developed comprehensive, inte-
grated roadmaps for energy-saving improvements. 
To reduce capital expenditures, the refinery needs 
to schedule projects according to its plan, decarbon-
ization strategy, and budget. This strategic roadmap 
should be tracked digitally to ensure sufficient atten-
tion is given to the implementation of the energy im-
provement program. 

Proven Approach
A comprehensive energy program starts with an as-

sessment and ends with sustainable results. Launching 
an energy improvement program begins a strategic en-
ergy review with the refinery’s management. This re-
view helps identify challenges on the ground and align 
both the current and future initiatives with the vision 
for each asset. By analyzing yield, energy and reliabil-
ity tradeoffs, the discussion contributes significant val-
ue, thereby increasing energy effi-
ciency on the demand-side. 

 A holistic energy program is a 
fully integrated system that is able 
to steward the whole lifecycle pro-
cess of energy improvement iden-
tification, evaluation, implemen-
tation, and sustainment. The full 
energy program consists of a hy-
brid of consulting and technol-
ogy transfer using process digi-
tal twins, capital project tracking, 

and artificial intelligence as well as ma-
chine learning that supports strategy and 
organizational alignment. As shown in 
Figure 2, the five (5) core components of 
the comprehensive energy program in-
clude: (i) Opportunity Identification, (ii) 
Opportunity Evaluation (iii) Roadmap 
Development, (iv) Implementation 
Support, and (v) Digital Energy 
Management. These individual elements 
are described below.

Opportunity Identification 
Opportunity identification starts by using best tech-

nology methods to quantify and compare the process 
unit’s or refinery/petrochemical plant’s energy con-
sumption to establish energy benchmarks and analyze 
gaps. This assessment helps align expectations and set 
realistic targets in subsequent phases of the process.  

For refineries and petrochemical plants, fundamen-
tal analysis and design studies of individual processes 
lead to best technology methods. Research has shown 

that a newly built grass roots 
plant can achieve 100% best tech-
nology energy performance. Such 
a plant has an economically jus-
tifiable level of energy efficiency 
and is supported by a highly effi-
cient steam and power system.

Best technology performance 
is based on the following high ef-
ficiency features:	
•	 Fired heater efficiency of up to 

 Figure 1. Three Types of Carbon Emissions

Figure 2. Comprehensive Energy Program Components

>> A holistic energy program is a fully inte-
grated system that is able to steward the 

whole lifecycle process of energy improve-
ment identification, evaluation, implementa-
tion, and sustainment. The full energy program 
consists of a hybrid of consulting and technol-
ogy transfer using process digital twins, capi-
tal project tracking, and artificial intelligence 
as well as machine learning that supports 
strategy and organizational alignment.
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94% 
•	 R-curve analysis determines all 

power generated internally at 
an optimum fuel-to-power effi-
ciency 

•	 Highly efficient steam/pow-
er system with 100 bar (1,500 
psig) high-pressure boilers and 
steam let down to lower pres-
sures through turbines

•	 All rotating equipment operat-
ing at high efficiency

•	 Heat exchanger networks de-
signed using pinch technology 
with optimum approach temperatures 

•	 Optimised, energy-efficient process configurations
•	 Yield efficiency
Benchmarking

Benchmarking is an effective tool to identify areas 
to immediately improve energy performance. Since 
best technology calculation accounts for site-specific 
energy pricing structures and limitations, it is direct-
ly indicative of the energy improvement potential and 
emission reductions.

Benchmarking begins by establishing an ener-
gy baseline for the refinery’s energy optimization 
study. The site operating data from the previous three 
months is screened to identify a time (typically 2 – 5 
days) when consistent operations were achieved. This 
time period, and the resulting site energy consump-
tion, is considered the energy benchmark for the re-
mainder of the study.

Site utility models are constructed using simula-
tion software and based on the energy benchmark and 
pinch analysis. Any changes made to the plant after 
the deadline are considered separately and excluded 
from the energy benchmark. Likewise, all identified 
energy-saving opportunities are compared and valued 
based on the energy benchmark.
Gap Analysis

The best technology analysis forms the basis 
of a gap analysis that identifies four areas for im-
provement, specifically 1) Fired Heater Efficiency, 2) 
Heat Integration Effectiveness, 3) Power Generation 
Efficiency, and 4) Process Configuration. Each of these 
four areas is described below.
m	 Fired Heater Efficiency - A proprietary fired heat-

er model is used to compare actual performance 
against best practices for all furnaces and boilers. 

Based on the results of this analy-
sis, recommendations are made to 
improve operations and, where ap-
propriate, investment projects to 
enhance the energy efficiency of 
fired heaters.
m 	 Heat Integration Effectiveness 
- The existing pinch analysis mod-
els are reviewed or developed as 
needed based on a cold-eyes re-
view of the current level of heat 
integration in the various process 
units at the site. 
m 	 Power Generation Efficiency - 

An analysis of the utility system’s efficiency is con-
ducted using simulator software. The model exam-
ines the steam, fuel and power system where the 
heat balances serve as inputs for each process unit. 
Results are evaluated to identify the potential for 
additional power generation and to optimize steam 
supply. 

m 	 Process Configuration - Process flow diagram 
(PFD) reviews are conducted during review meet-
ings. The PFD reviews note anticipated changes 
to process units, such as unit revamps. These im-
provement opportunities range from operation-
al adjustments to short-term and long-term retrofit 
projects that require capital expenditures. This list 
is based on the findings gathered from the PFD re-
views, benchmarking and gap analysis tasks, simu-
lation and pinch analysis of the CDU / VDU / SGU 
units, and the energy audit of the equipment.

Opportunity Evaluation
Each opportunity requires a detailed analysis to 

evaluate key metrics related to the costs, benefits, and 
associated risks. This evaluation includes the follow-
ing:
●	 Impacts on equipment and systems within the pro-

cess unit 
●	 Calculated economics based on the site energy bal-

ance
●	 Estimated capital costs
●	 Condition of operations (complexity, interactions 

between systems, control, reliability)
●	 State of implementation issues (e.g. plant shut-

downs)
Roadmap Development 

A successful energy management program requires 
several decisions that affect the payback period and re-
turn on investment. Figure 3 illustrates the develop-

>> Opportunity identification starts by 
using best technology methods to 

quantify and compare the process unit’s or 
refinery/petrochemical plant’s energy con-
sumption to establish energy benchmarks 
and analyze gaps. This assessment helps 
align expectations and set realistic targets 
in subsequent phases of the process.  
For refineries and petrochemical plants, 
fundamental analysis and design studies 
of individual processes lead to best tech-
nology methods.
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ment of a strategic energy road-map that sequences all 
future projects according to their attractiveness, in har-
mony with the site’s power and steam balances.
Implementation Support

The energy roadmap tracks all of the project activi-
ties from kickoff to completion to: 
●	 Support onsite test runs to verify recommended op-

erational and quick win improvements
●	 Provide inputs for taking the capital projects to the 

basic engineering stage
Overall, the project’s success hinges on the ability 

to convert ideas into benefits during the implementa-
tion stage. 
Digital Energy Management

To sustain value, a comprehensive digital energy 
management system needs to be implemented using 
next generation gas combustion measurement, modern 
control technologies, and furnace optimization to de-
tail combustion and improve fired heater performance. 

A digital energy management system is designed 
to support all levels of the organization, from opera-
tors to top management, with the necessary informa-
tion, analytical tools, and implementation processes. 
This approach enables key stakeholders to focus their 
efforts on achieving decarbonization and energy re-
duction goals while saving money. These systems lead 
to automated idea generation, achievement, and sus-
tainability.

Combining real-time data with 
a single asset-wide digital twin 
and analytic capabilities provide 
automatic identification of oppor-
tunities and performance gap clo-
sures. This analysis applies to the 
whole utility system and process-
ing equipment. With accurate pro-
jections, operators can track the ef-
ficacy of planned capital projects 
to make faster informed decisions 
about capital allocation through-

out the implementation cycle.
The digital energy management 

system has three basic high-lev-
el needs: Visualize, Analyze and 
Realize as depicted in Figure 4. 
The effectiveness of the system is a 
function of the data and technolo-
gies that work in the background to 
actualize it.

	 Visualize Monitor energy performance of the pro-
cess units and refinery infrastructure to identify ar-
eas for improvement.

	 Analyse Calculate lost opportunities in the process 
plant and site utility systems. This sub-system us-
es monetary values to prioritize improvement op-
portunities and reveal the optimum path(s) to reach 
targets.

	 Realize Tack capital projects, create roadmaps, in-
stall advanced process control systems and other 
closed-loop systems as necessary to implement im-
provement initiatives and sustain the best energy 
efficiency.  

Value Proposition
Asset owners often know where the improvement 

opportunities can be found but lack a comprehensive 
solution to track and continually evaluate them. Thus, 
the value of a digital energy management system lies in 
its ability to drive better and faster decisions via accel-

erated benefit realization, consistent 
year-over-year improvement and 
greater human productivity. 

Typically, a site conducts energy 
studies sequentially. First, a base-
line is established. Then, screening 
options are reviewed. Next, selec-
tions are evaluated. Finally, the sys-
tem is designed. A key component 
of a digital energy management 
system is the ability to track energy 
improvement opportunities in re-
al time, both for operational chang-

                                                        Figure 3. Roadmap Example

Figure 4. Digital Energy Management System

>> A digital energy management sys-
tem is designed to support all levels 

of the organization, from operators to top 
management, with the necessary infor-
mation, analytical tools, and implementa-
tion processes. This approach enables 
key stakeholders to focus their efforts on 
achieving decarbonization and energy re-
duction goals while saving money. These 
systems lead to automated idea genera-
tion, achievement, and sustainability.
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es and capital investment items. This is just as impor-
tant for individual projects as it is for entire energy re-
duction roadmaps where project interactions are con-
sidered. As a result, key data can then be presented to 
the organization, such as rolling average payback pe-
riods and determining how project paybacks vary for 
each opportunity. 

Often the way energy is supplied to process units is 
complex with many levels and variables in the overall 
utility system. Changes in utility pricing is also a key 
factor that requires constant changes in the operating 
strategy. The benefits depend on the degree of flexibil-
ity in the system, but typically over 4% of the energy 
cost can be sustainably achieved. In the best performing 
averaged-sized complex refinery, the expected realized 
benefit is $10 million per year. Other improvement ar-
eas and the associated value can be seen in Table 1. 

Real-time energy management solutions integrate 
data, analytics, and business intelligence 
to help drive and execute energy effi-
ciency, energy management, and energy 
cost reduction initiatives. To sustain per-
formance levels, energy systems must be 
constantly monitored and managed to as-
sure energy availability and minimize en-
ergy loss. The key to achieving this goal is 
to continuously adjust the operations and 
equipment to remain within a predefined 
range based on real-time data. 

Case Study
Recently, an energy improvement pro-

gram was implemented in an internation-
al oil company that has multiple refining 
assets across the globe. The central energy team needed 
to drive a consistent approach to energy improvements 
and be able to sustain their energy performance with 

a reduced effort. They also needed an energy manage-
ment system to help them facilitate effective capital de-
ployment from the corporate budget. 

The first phase of the project focused on the digital 
energy management system visualizing and analyzing 
areas with two of their process units at two different re-
fineries. A digital twin of the two process units was con-
structed and connected to the data, allowing visibility 
of the performance to both the corporate teams and the 
site teams. As a result, the company has real-time ac-
cess to current energy gap breakdowns at the unit, sys-
tem and equipment level. To make sound decisions, the 
team identified and prioritized opportunities to deter-
mine capital expenditures and automatically calculate 
benefits in real time. The realization of the project is an-
ticipated to provide benefits of US$100m per year sus-
tained cost reduction, and savings of 1.0 MM ton per 
year of CO2 as shown in Figure 5. 

Conclusion
The energy industry is undergoing a major evolu-

tion as it steps toward net zero. To achieve this change, 
a comprehensive digital energy management solution 
was implemented that sustains performance based on 
real-time data. The energy system blends reconciled da-
ta with decarbonization opportunities and advanced 
process control systems. In addition, it provides an 
end-to-end solution with aspects of benchmarking, gap 
analysis, opportunity identification, roadmap develop-
ment, implementation support and digital energy man-
agement tools such as digital twins and energy monitor-
ing software. With integrated solutions in data collec-
tion, data processing, data analysis, data reconciliation 
and optimization, organizations can effectively manage 
their energy and environmental impacts while deliver-
ing value to stakeholders.

						      m

Table 1. Value Realizations
Improvement Areas Typical Delivered Value

Minimize energy demands while 
meeting process requirements

3% to 5% of site energy 
cost

Eliminate production constraints 
due to energy systems 

2% to 3% increase in pro-
duction on key units

Drive energy capital investments 
through implementation 

10% to 15% of site energy 
cost

Reduce the cost of power and 
steam in real time

2% to 5% of site energy 
cost

Optimize cleaning costs and 
minimize energy loss due to 
fouling 

1% to 2% of site energy 
cost

Reduce carbon emissions overall 
and save carbon tax

10% to 15% of CO2 
reduction

Figure 5. Real Time Benefit Tracking: Example of a Medium Complexity Refinery


