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Abstract: The low-carbon transition is driving closer integration between oil 
and gas development and new energy technologies, extending from renewable 
electricity supply to the coupling of energy inputs with production processes, 
subsurface energy utilization, and carbon management. These developments 
create interdisciplinary engineering problems that require students to connect 
knowledge across disciplinary boundaries and make decisions under integrated 
engineering constraints. However, conventional practical teaching is often or-
ganized around separate technical subjects, providing limited opportunities to 
develop such cross-domain connections. To address this gap, this study proposes 
a four-level progressive practical teaching framework for oil, gas and new en-
ergy integration: Fundamental understanding and data interpretation, Cross-
domain scenario analysis, Integrated system design and decision-making, and 
open-ended innovation and inquiry. Learning tasks progress from interpreting 
multidisciplinary data to analyzing coupling relationships, evaluating technol-
ogy applicability, designing and comparing integrated solutions, and inves-
tigating open-ended questions. Representative contexts include renewable elec-
tricity supply, electricity-assisted oil recovery, geothermal utilization, and 
carbon capture, utilization, and storage, with emerging electric-field and elec-
trochemical processes incorporated as research-oriented extensions. Case- and 
project-based learning, physical experiments and simulation-based learning, 
university–industry collaboration and research integration, and competency-ori-
ented assessment are incorporated as complementary implementation approa-
ches. The framework provides a structured pathway for connecting new energy 
technologies with oil and gas engineering across energy supply, engineering 
processes, and subsurface systems.  

1. Introduction 

The transition toward lower-carbon energy systems is 

reshaping the relationship between oil and gas development 

and new energy technologies. Oil and gas operations remain 

closely associated with wells, reservoirs, production sys-

tems, and subsurface resources, while their energy supply 

and carbon-management requirements increasingly inter-

sect with renewable electricity, energy storage, geothermal 

utilization, and carbon capture, utilization, and storage 

(CCUS). This integration is not limited to adding renewable 
generation to conventional production facilities. Renewable 

electricity can provide energy for surface operations and, 

through electrical or thermal processes, can also participate 

more directly in oil and gas development. Geothermal utili-

zation and CCUS further connect surface energy or carbon-

management objectives with wells and subsurface for-

mations. These developments link energy supply, produc-

tion processes, and subsurface engineering (Pinto Jr. et al., 

2026). 

These changes create corresponding challenges for en-

gineering education. Knowledge relevant to integrated 

energy problems is commonly distributed across different 
courses and disciplinary domains. Students may learn re-

newable electricity generation, energy storage, reservoir 

and well engineering, geothermal utilization, or carbon 

management separately, but solving an integrated engineer-

ing problem requires them to establish relationships among 

these areas. Previous studies in energy-related engineering 

education have identified the importance of interdiscipli-

nary learning, engineering practice, and stronger connec-

tions between technical knowledge and engineering appli-

cations (Van den Beemt et al., 2020; Wang and Guo, 2021; 

Peng, 2022; Babadagli, 2023; Liu et al., 2026; Pinto Jr. et 
al., 2026). Students must therefore learn to identify connec-

tions between energy technologies and oil and gas 
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operations, assess their suitability under specific conditions, 

and justify engineering decisions. 

Practical learning provides an important setting for de-

veloping these cross-domain connections. Recent technical 

studies have documented different pathways for integrating 

renewable energy technologies with oil and gas engineering, 

including the electrification of production operations, re-

newable electricity supply, and the reuse of existing 
subsurface infrastructure for low-carbon energy applica-

tions (Mohammadi et al., 2025; Motta et al., 2026). For 

example, designing a renewable electricity supply system 

for oil and gas operations requires students to relate photo-

voltaic or wind-power generation to production loads, grid 

conditions, and energy-storage requirements. Electricity-as-

sisted heavy-oil recovery introduces a different form of 

integration in which electrical energy participates more di-

rectly in the production process, although its applicability 

depends on reservoir conditions, energy requirements, and 

technical and economic constraints (Bera and Babadagli, 

2015). Geothermal utilization connects subsurface resource 
and well conditions with surface heat demand, including op-

portunities and limitations associated with repurposing 

existing oil and gas wells (Davoodi et al., 2024). CCUS re-

quires consideration of CO₂ sources, transport, injection, 

storage suitability, and operational constraints (Baskaran et 

al., 2024). Emerging electric-field and electrochemical ap-

proaches provide additional research-oriented contexts for 

examining electrically induced fluid transport and interfa-

cial responses, but their mechanisms and engineering 

applicability remain subject to further investigation (Zhang 

et al., 2025a; Zhang. et al., 2025b). Collectively, these sce-
narios represent different levels of technological maturity 

and provide complementary contexts for multidisciplinary 

data interpretation, technology applicability assessment, in-

tegrated engineering design, and evidence-based inquiry 

(Beck and Gale, 2009; Zarrouk, 2017). 

To address these educational needs, this study proposes 

a four-level progressive practical teaching framework for oil, 

gas and new energy integration: Fundamental understand-

ing and data interpretation, Cross-domain scenario analysis, 

Integrated system design and decision-making, and open-

ended innovation and inquiry. The framework organizes 
learning according to increasing task complexity, discipli-

nary integration, and student autonomy, while connecting 

outputs across successive levels. Case- and project-based 

learning, physical experiments and simulation, university-

industry collaboration and research integration, and compe-

tency-oriented assessment are incorporated as comple-

mentary implementation approaches. The framework is in-

tended to provide a structured pathway for developing 

interdisciplinary engineering competencies across energy 

supply, engineering processes, and subsurface systems, pro-

gressing from the understanding of individual parameters 

and processes to integrated scenario analysis, engineering 
decision-making, and open-ended inquiry. 

2. Educational needs and challenges for oil, gas and 

new energy integration 

2.1 Emerging competency needs for oil, gas and new 

energy integration 

Oil, gas and new energy integration increasingly in-

volves interactions among renewable electricity, production 

systems, wells, reservoirs, subsurface resources, and car-

bon-management processes. Renewable electricity can 

supply oil and gas operations, while electrical energy can 

also participate more directly in production processes, such 

as electrically assisted thermal recovery. Geothermal utili-

zation and CCUS further connect surface energy or carbon-
management objectives with subsurface engineering. Elec-

tric-field and electrochemical research also introduces 

questions concerning fluid transport, multiphase interfaces, 

and CO₂–oil–rock interactions. 

These forms of integration require students to move 

beyond understanding individual technologies toward con-

necting knowledge across disciplinary boundaries. Students 

need to interpret multidisciplinary data, identify relation-

ships among energy inputs and engineering responses, 

assess technology applicability, and compare alternatives 

under technical, operational, economic, environmental, and 

energy constraints. Practical teaching should therefore pro-
gress from understanding parameters and processes to 

analyzing integrated scenarios, making and justifying engi-

neering decisions, and investigating open-ended problems. 

2.2 Key challenges in practical teaching 

2.2.1 Bridging disciplinary knowledge across oil, gas 

and new energy 

Knowledge relevant to oil, gas and new energy inte-

gration remains distributed across traditionally separate 

disciplinary domains. Renewable electricity involves gener-

ation, variability, storage, and energy management, whereas 

oil and gas development involves wells, reservoirs, produc-

tion systems, and multiphase fluids; geothermal utilization, 

CCUS, and electricity-assisted subsurface processes intro-

duce further cross-domain knowledge. Learning these 

topics independently does not ensure that students can es-

tablish the connections required by integrated engineering 

problems. The teaching challenge is therefore to create 
shared engineering contexts in which students identify how 

knowledge, parameters, and mechanisms from different do-

mains are connected (Van den Beemt et al., 2020; Liu et al., 

2026). 

2.2.2 Connecting technical knowledge with integrated 

engineering scenarios 

Interdisciplinary knowledge becomes meaningful only 

when students can determine how it applies to specific en-

gineering scenarios. Different forms of oil, gas and new 

energy integration involve different coupling pathways. For 

renewable electricity supply, students need to relate genera-
tion profiles to oil and gas production loads, grid conditions, 

and storage requirements. In electricity-assisted heavy-oil 

recovery, they need to consider how electrical energy is de-

livered to the production process and how energy input 

relates to operating conditions and production requirements. 

Geothermal utilization requires matching subsurface re-

source conditions with surface energy demand, while CCUS 

requires consideration of CO₂ sources, transport, injection, 

storage suitability, and operational constraints.  

The challenge is therefore not simply to expose stu-

dents to multiple technologies, but to enable them to 

determine how and under what conditions these technolo-
gies interact with oil, gas, or subsurface engineering  

https://heet.yandypress.com/
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Figure 1 Progressive practical teaching framework for oil, gas and new energy integration 

processes. This is particularly important for emerging elec-
tricity-assisted processes, where experimental observations 

should not automatically be interpreted as evidence of field-

scale feasibility. Teaching cases should therefore retain the 

resource, operating, subsurface, and energy constraints that 

influence engineering judgment while distinguishing estab-

lished applications from research-oriented possibilities. 

2.2.3 Designing integrated and open-ended engineering 

tasks 

Engineering problems involving oil, gas and new en-

ergy integration contain multiple interacting variables and 

different levels of technological maturity. A renewable elec-

tricity supply problem may involve generation–load 
matching, storage, reliability, economics, and carbon emis-

sions, whereas electricity-assisted heavy-oil recovery 

additionally involves energy delivery, thermal response, and 

production conditions. Geothermal and CCUS problems in-

troduce subsurface resource, injection, and storage 

constraints, while emerging electric-field or electrochemi-

cal processes involve additional uncertainties in translating 

experimental observations toward engineering conditions. 

Practical tasks should retain the main engineering con-

straints while remaining manageable within the available 

teaching time and resources. Students should have sufficient 
information to compare alternatives without following a 

prescribed solution. Teaching tasks should therefore retain 

the variables and constraints that materially affect engineer-

ing decisions while simplifying secondary processes. 

Established applications can support scenario analysis and 

preliminary design, whereas emerging research topics are 

better formulated as open-ended inquiries based on experi-

mental or simulated evidence, sensitivity analysis, and 

recognition of uncertainty (Mills and Treagust, 2003; Smith 

et al., 2005; Prince and Felder, 2006; Chen et al., 2021; Jin, 

2026). 

2.2.4 Assessing interdisciplinary engineering competen-

cies 

Assessment of integrated engineering tasks must cap-
ture not only final solutions but also how students connect 

disciplinary knowledge, interpret constraints, compare al-

ternatives, and justify decisions under uncertainty. Project 

outcomes should therefore be combined with evidence from 

problem definition, parameter selection, data interpretation, 

calculations, design comparisons, assumptions, and individ-

ual contributions (Van den Beemt et al., 2020; Chan and Lee, 

2021; Beddoes and Bartlett, 2026). 

Assessment criteria should reflect the nature of the task. 

Engineering design activities are evaluated against technical 

requirements, while research-oriented activities are as-

sessed through problem formulation, methodological 
choices, and interpretation of evidence. 

3. Design of the progressive practical teaching frame-

work 

3.1 Overall framework 

The proposed framework comprises four progressive 

levels: Fundamental understanding and data interpretation, 
Cross-domain scenario analysis, Integrated system design 

and decision-making, and open-ended innovation and in-

quiry. As shown in Fig. 1, the levels are organized by 

increasing task complexity, interdisciplinary integration, 

and student autonomy (Prince and Felder, 2006; Chen et al., 

2021).  

Representative engineering contexts were selected to 

reflect different coupling pathways between new energy 

technologies and oil and gas engineering, as well as differ-

ences in technological maturity and instructional suitability. 

Renewable electricity supply represents energy-system in-
tegration through photovoltaic, wind-power, and energy-

storage systems, while electrically assisted thermal recov-

ery illustrates the direct involvement of electrical energy in 

oil and gas production processes. Geothermal utilization 

and CCUS connect surface energy and carbon-management 

objectives with wells and subsurface formations. Emerging 

https://heet.yandypress.com/
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electric-field and electrochemical approaches extend these 

contexts toward research-oriented questions involving fluid 

transport, interfacial interactions, and CO₂–oil–rock pro-

cesses. Accordingly, these scenarios provide complemen-

tary opportunities for engineering analysis, preliminary sys-

tem design, and open-ended inquiry, rather than 

representing technologies at an equivalent level of maturity. 

Instructor guidance is gradually reduced as students as-
sume greater responsibility for analysis, decision-making, 

and problem formulation. Table 1 summarizes the learning 

content, representative tasks, and competency focus of the 

four levels. 

A renewable electricity supply system for an oil and 

gas production facility illustrates the progression across the 

four levels. At the Fundamental level, students analyze elec-

tricity demand and photovoltaic generation data. At the 

Scenario level, they evaluate supply–demand matching and 

operational constraints. At the design level, they develop 

and compare photovoltaic–battery configurations based on 

reliability, cost, and emission reduction. At the Innovation 
level, they examine operating uncertainties through sensi-

tivity analysis and refine their designs. Each stage builds on 

the preceding results, connecting data interpretation, engi-

neering assessment, system design, and open-ended inquiry 

within a single project. 

3.2 Fundamental understanding and data interpreta-

tion 

Fundamental understanding and data interpretation 

provides the technical basis for subsequent cross-domain 

learning. Students identify key parameters, interpret exper-

imental or calculated results, and process data relevant to oil, 

gas and new energy integration, with emphasis on under-

standing what the results represent and under what 

conditions they can support engineering analysis. 

Activities can cover both surface energy systems and 

subsurface processes. Students may analyze photovoltaic or 

wind-power output and energy-storage behavior; interpret 
electrical power, energy consumption, and temperature re-

sponses in electricity-assisted processes; estimate geother-

mal resources from formation and fluid parameters; or ex-

amine key parameters associated with CO₂ transport, 

injection, and geological storage. Research-derived datasets 

may also be used to examine relationships between electri-

cal conditions and measured fluid, interfacial, or transport 

responses, without requiring students to infer field-scale ef-

fectiveness from laboratory observations. 

Students summarize the key parameters, explain their 

data-processing methods, and identify the conditions under 
which the results can be used in subsequent engineering 

analysis. 

3.3 Cross-domain scenario analysis 

Cross-domain scenario analysis connects technical 

knowledge with the needs and constraints of integrated en-

gineering scenarios. Students identify engineering object-
tives, resource conditions, process requirements, and limit-

ing factors and assess how, why, and under what conditions 

different integration pathways are applicable. 

Representative cases include matching photovoltaic or 

wind-power generation with oilfield production loads and 

storage requirements; examining energy delivery, thermal 

response, and operational constraints in electricity-assisted 

heavy-oil recovery; relating geothermal resource conditions 

to surface heat demand; and evaluating CO₂ sources, 

transport, injection, and storage conditions in CCUS. Re-

search-oriented scenarios can further use experimental or 

simulated evidence to examine electric-field effects on fluid 

transport, phase behavior, interfacial interactions, or CO₂–

oil–rock systems. In such cases, students distinguish exper-

imentally supported observations from conclusions about 
engineering applicability. 

Students summarize the relevant data, engineering 

constraints, and feasible technology options. Their scenario 

assessment establishes the requirements for the subsequent 

design stage. 

3.4 Integrated system design and decision-making 

Integrated system design and decision-making extends 

scenario analysis from technology applicability to system 

configuration, parameter selection, alternative comparison, 

and engineering justification. Students work with defined 

requirements and constraints but without a prescribed tech-

nical route, and develop preliminary designs appropriate to 

available teaching time, data, facilities, and prior knowledge. 

A representative task is the preliminary design of a re-

newable electricity supply system for oil and gas operations. 

Using production loads, solar and wind resources, grid con-

ditions, equipment parameters, and energy prices, students 
select combinations of renewable generation and storage, 

estimate capacity requirements, develop operating strate-

gies, and compare alternatives in terms of energy 

performance, reliability, economics, and carbon reduction. 

Assumptions, parameter sources, system boundaries, and 

limitations should be stated explicitly. 

Design tasks can also address the more direct coupling 

of electrical energy with oil and gas development. In elec-

tricity-assisted heavy-oil recovery, for example, students 

may consider electricity supply, power demand, energy de-

livery, thermal requirements, and production constraints and 

compare alternative configurations in terms of energy con-
sumption and operational performance. Geothermal and 

CCUS projects can similarly require students to match sub-

surface conditions with utilization, injection, or storage 

requirements. Emerging electric-field or electrochemical 

concepts are more appropriately examined through compar-

ative or sensitivity analysis than treated as established 

design options. 

Designs are evaluated according to their technical fea-

sibility, treatment of engineering constraints, calculation 

accuracy, and justification of the selected configuration. 

3.5 Open-ended innovation and inquiry 

Open-ended innovation and inquiry extend unresolved 

questions and uncertainties from preceding levels into man-

ageable problems for further investigation. Students take 

greater responsibility for defining problems, selecting meth-

ods, interpreting evidence, and evaluating limitations. 

Inquiry tasks are selected according to the available ques-
tions, data, and teaching resources (Noguez and Neri, 2019). 

Topics can originate from preceding activities, faculty 

research, emerging engineering practices, or adapted indus-

try problems. Research-oriented topics may extend to the 

interface between electrical energy and subsurface pro-

cesses. Students may investigate electric-field effects on  

https://heet.yandypress.com/
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Table 1 Four-level progressive practical teaching framework 

Level Learning focus Representative tasks Competency focus 

Fundamental understand-

ing and data 
interpretation 

Principles; key parameters; 
data interpretation 

Renewable electricity and storage 

data; electrical/thermal response; geo-
thermal and CCUS parameters 

Technical understanding; 
data interpretation 

Cross-domain scenario 
analysis 

Engineering needs; coupling 
relationships; technology 
applicability 

Renewable electricity supply; electric-
ity-assisted heavy-oil recovery; 
geothermal and CCUS scenarios 

Knowledge connection; sce-
nario analysis; applicability 
assessment 

Integrated system design 
and decision-making 

System configuration; pa-
rameter selection; 
alternative comparison 

Wind/photovoltaic–storage design; 
electricity-assisted recovery configura-
tion; geothermal or CCUS design 

System integration; engineer-
ing design; decision-making 

Open-ended innovation 
and inquiry 

Problem formulation; evi-
dence analysis; uncertainty 

Electric-field-assisted oil recovery and 
CO₂ processes; sensitivity analysis; re-
search/industry problems 

Open-ended inquiry; evi-
dence-based reasoning; 
critical evaluation 

 

fluid transport and phase behavior, oil–water–rock interac-

tions, electrically assisted CO₂-oil displacement, or the 

potential role of electrical regulation in CO₂ utilization and 

geological storage. Other topics may involve geothermal 

reinjection, CO₂ injection and storage, or integrated energy- 

system operation. For emerging electric-field and electro-

chemical approaches, students examine proposed mechan-
isms, interpret experimental or numerical results, and assess 

the conditions under which these findings may be relevant 

to engineering applications. 

Depending on the question, students may analyze liter-

ature or research-derived datasets, compare mechanisms or 

model assumptions, conduct sensitivity or numerical anal-

yses, or undertake limited experiments. Faculty research 

data can be adapted to examine relationships among electri-

cal input, fluid or interfacial responses, and engineering 

conditions without requiring reproduction of a complete re-

search study.  
Instructors help students define research questions, se-

lect appropriate methods, and interpret their findings. 

Unexpected or inconclusive results remain valuable when 

supported by a sound investigation and clear documentation. 

Suitable topics may be extended into undergraduate innova-

tion projects or graduation projects. 

4. Implementation of the progressive practical teaching 

framework 

4.1 Case- and project-based learning 

Case- and project-based learning organizes the module 

around engineering problems (Mills and Treagust, 2003; 

Smith et al., 2005; Prince and Felder, 2006; Chen et al., 

2021; Jin, 2026). Students work in groups to identify con-

straints, select technical options, complete preliminary 

designs, compare alternatives, and present their findings. In-

structors provide datasets, technical guidance, and feedback 

at key stages. 

For the renewable electricity supply project, the in-
structor provides an adapted facility load profile, renewable 

generation data, equipment specifications, and energy-price 

information. Student groups first calculate electricity de-

mand and identify operating constraints, then develop two 

or more photovoltaic–battery configurations using spread-

sheet-based calculations. They compare the configurations 

in terms of supply reliability, cost, and potential emission 

reductions, and submit a design report documenting their 

assumptions, calculations, and recommended solution. Fol-

lowing group presentations, the instructor provides feed-

back on parameter selection, engineering feasibility, and the 

justification of design decisions. 

The workflow can also be adapted to electricity-as-

sisted oil recovery, geothermal utilization, and CCUS, with 
research-oriented topics used for open-ended inquiry. 

4.2 Target students and module configuration 

The proposed framework is intended for third- and 

fourth-year undergraduate students majoring in new energy 

science and engineering and is organized as an integrated 

practical teaching module on oil, gas and new energy inte-
gration. Students are expected to have basic knowledge of 

renewable energy generation, energy storage, and engineer-

ing data analysis. Since their prior exposure to petroleum 

engineering may be limited, introductory materials on oil 

and gas production systems, well operations, and subsurface 

engineering are provided before the corresponding practical 

activities. 

A 32-hour module is proposed, comprising four pro-

gressive learning stages. Fundamental understanding and 

data interpretation is allocated 6 hours, focusing on engi-

neering parameters, energy data, and basic calculations. 
Cross-domain scenario analysis is allocated 8 hours to ex-

amine relationships between energy supply, production 

requirements, and engineering constraints. Integrated sys-

tem design and decision-making is allocated 12 hours for 

system configuration, quantitative comparison, and engi-

neering justification. Open-ended innovation and inquiry is 

allocated 6 hours for sensitivity analysis, exploration of al-

ternative operating conditions, and presentation of findings. 

The module adopts group-based project learning, supported 

by instructor briefings, structured datasets, engineering cal-

culations, and guided discussions. Students work in groups 

of four to five, with responsibilities for data processing, en-
gineering analysis, design comparison, and reporting 

distributed among group members. Each stage produces a 

defined output that serves as an input to the subsequent 

stage. A renewable electricity supply system for an oil and 

gas production facility is used as the principal teaching case, 

while geothermal utilization, CCUS, and electricity-assisted 

recovery provide supplementary contexts. The proposed 

module can be implemented using documented engineering  
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Table 2 Proposed assessment categories, weights, and evidence for practical learning 

Assessment category Proposed weight Main assessment evidence and criteria 

Fundamental understand-
ing and data interpretation 

20% 
Experimental/data records; parameter interpretation; data processing and 
limitations 

Cross-domain scenario 
analysis 

20% 
Engineering needs and constraints; cross-domain connections; technology 
applicability and justification 

Integrated system design 
and decision-making 

30% 
Parameter selection and calculations; constraint satisfaction; alternative 
comparison; design justification 

Presentation and oral de-

fense 
15% 

Report and system diagram; responses to questions; explanation of as-

sumptions, decisions, and limitations 

Open-ended inquiry and 
teamwork 

15% 
Problem exploration; evidence interpretation; revision records; individual 
contribution and collaboration 

datasets and commonly available computational tools, 
without requiring access to operating oilfields or special-

ized subsurface experimental facilities. Learning out-

comes are assessed through staged assignments, group de-

sign reports, individual contributions, and oral 

presentations, following the competency-oriented assess-

ment criteria presented in Table 2. 

4.3 Integration of physical experiments and simula-

tion-based learning 

Physical experiments, numerical simulation, and vir-

tual resources provide complementary forms of practical 

learning. Direct measurements can support the study of re-

newable electricity generation, energy-storage behavior, 

and selected electrical or thermal responses, whereas pro-

cesses such as geothermal flow and heat transfer or 

geological CO₂ storage may require appropriately simpli-

fied models (Balamuralithara and Woods, 2009; 

Potkonjak et al., 2016; Hu et al., 2021; Li and Liang, 2024; 

Ma et al., 2025). 
The emphasis is placed on matching the method to 

the engineering question rather than on software operation 

itself. Tools such as COMSOL Multiphysics and 

MATLAB can support simulation and data analysis, while 

research-derived datasets can provide additional evidence 

for interpreting electricity-assisted fluid, interfacial, or 

transport responses. Students are expected to relate results 

to parameter sources, assumptions, and boundary condi-

tions and, where possible, compare them with experi-

mental or reference data. 

Virtual field resources, including equipment layouts, 
process diagrams, and site videos, can provide additional 

engineering context. Experiments, simulation, and visual-

ization therefore serve complementary purposes and 

should be selected according to the learning task (Bal-

amuralithara and Woods, 2009; Potkonjak et al., 2016; Li 

and Liang, 2024; Wang and Liu, 2024). 

4.4 University–industry collaboration and research 

integration 

University–industry collaboration and research inte-

gration provide authentic materials for implementing the 

framework. Where available, authorized and de-identified 

industry data can introduce production requirements, re-

source conditions, and operational constraints, while 

faculty research can contribute experimental or simulation 

datasets, analytical methods, and unresolved questions 

adapted to the intended learning level (Noguez and Neri, 
2019). 

These sources serve complementary purposes. Indus-

try materials are particularly suitable for scenario analysis 

and preliminary design, whereas research materials can 

support data interpretation and open-ended inquiry. Oper-

ational cases involving renewable electricity supply or 

electricity-assisted oil recovery can provide engineering 

contexts, while research data on electric-field effects on 

fluids, interfaces, or CO₂–oil–rock processes can support 

the analysis of mechanisms, evidence, and uncertainty. 

4.5 Competency-oriented assessment 

Competency-oriented assessment combines project 

outcomes with evidence of students’ reasoning and deci-

sion-making processes (Jin, 2026; Chan and Lee, 2021; 

Beddoes and Bartlett, 2026). Needs analyses, parameter 

tables, calculation files, design reports, and comparison 

records can be used to examine how students interpret en-

gineering conditions, connect multidisciplinary knowl-
edge, compare alternatives, and justify decisions. Oral de-

fense and individual contribution records provide 

complementary evidence of individual understanding in 

group projects. 

Assessment criteria are aligned with the four-level 

progression. Fundamental activities emphasize data inter-

pretation; scenario analysis emphasizes cross-domain 

connections and technology applicability; integrated de-

sign emphasizes system-level reasoning and decision 

justification; and open-ended inquiry emphasizes problem 

formulation, evidence interpretation, and recognition of 
uncertainty. For research-oriented activities, unexpected 

or inconclusive results can remain meaningful when the 

investigation is appropriately designed and interpreted. 

Table 2 summarizes the proposed assessment 

categories, weights, and corresponding evidence. 

Integrated design receives the largest weight because it 

synthesizes data interpretation, scenario analysis, and 

engineering decision-making, while presentation and oral 

defense provide cross-cutting evidence of individual 

understanding. 

5. Conditions for implementation and continuous im-

provement 

Implementation involves three components: teaching 

resources, interdisciplinary instructor coordination, and 

https://heet.yandypress.com/
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feedback based on student learning outcomes. 

5.1 Practical learning resources 

Implementation can build on existing laboratory fa-

cilities while incorporating engineering datasets, research-

derived data, simulation tools, and virtual resources ac-

cording to the selected tasks. Project briefs, parameter 

datasets, and reference materials should be coordinated 

across successive levels so that outputs from earlier activ-

ities can support later scenario analysis and design.  

Resource preparation should also reflect the maturity 

of the selected topic. Established engineering cases can 

use adapted operational data and design parameters, 

whereas emerging electricity-assisted or other research-

oriented topics can use experimental datasets, numerical 
results, or literature evidence for analysis and inquiry. 

Core activities should remain feasible with available facil-

ities and software so that specialized equipment or 

external data access does not become a prerequisite for 

completing the course. 

5.2 Interdisciplinary teaching team 

The framework requires coordinated guidance across 

energy, oil and gas, and subsurface engineering domains. 

Instructors with backgrounds in renewable energy can 

support electricity generation, storage, and energy-system 

analysis, while those with expertise in reservoirs, wells, 

production, geothermal systems, or CCUS can provide 

guidance on subsurface conditions and engineering pro-

cesses. Topics involving electricity-assisted subsurface 

processes may additionally draw on expertise in electrical, 

interfacial, or electrochemical phenomena where appro-

priate. 
Joint preparation is needed to define knowledge con-

nections, task boundaries, datasets, and assessment 

expectations. A course coordinator can maintain con-

sistency across successive learning levels, while instruct-

tors with relevant expertise provide guidance for specific 

tasks.  

5.3 Feedback and continuous improvement 

Continuous improvement should be based on identi-

fiable difficulties in student learning rather than on general 

impressions of teaching effectiveness. Repeated errors in 

parameter interpretation or data processing may indicate 

insufficient foundational preparation; technically correct 

calculations without adequate justification of technology 

selection may indicate weaknesses in scenario analysis; 

and highly similar designs across groups may suggest in-

sufficient scope for independent decision-making. 

Difficulties in defining questions or interpreting inconclu-
sive evidence can similarly indicate the need for 

additional guidance in open-ended inquiry. 

After each implementation cycle, the teaching team 

can review staged assignments, design outputs, oral-de-

fense records, and student revisions to identify where 

tasks, datasets, guidance, or assessment criteria require 

adjustment. Interpretation of these records should con-

sider differences in student preparation and task difficulty. 

The findings can guide adjustments to teaching materials, 

task difficulty, instructor support, and assessment criteria.  

6. Conclusions 

This paper proposes a four-level progressive practi-

cal teaching framework for developing interdisciplinary 

engineering competencies in oil, gas and new energy inte-

gration. The framework organizes practical learning from 

fundamental understanding and data interpretation to 

cross-domain scenario analysis, integrated system design 

and decision-making, and open-ended inquiry. By con-

necting learning tasks across energy supply, engineering 
processes, and subsurface systems, it extends oil, gas and 

new energy integration beyond the external supply of re-

newable energy toward more direct interactions between 

energy inputs and engineering processes, while distin-

guishing established engineering applications from 

emerging research-oriented approaches. 

The proposed framework represents a teaching de-

sign rather than evidence of demonstrated learning gains. 

Its effectiveness should therefore be evaluated through fu-

ture implementation under specific course conditions, 

taking into account student preparation, teaching time, 

available resources, and task difficulty. Evidence from 
staged assignments, design outputs, oral defense, and 

open-ended inquiry can be used to examine the coherence 

of the four levels, the appropriateness of task progression, 

and the alignment between learning activities and compe-

tency-oriented assessment. Such evidence can then 

support iterative refinement of the framework without as-

suming educational effectiveness in advance. 
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