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ENERGY
Climate change, sustainable development, health, environment, 

global energy,  Food security, and environmental protection



Energy 

• During the transition from traditional to smart energy systems, it 

is primarily expected to design, analyze, develop and utilize 

transitional solutions to enhance their energetic, exergetic and 

environmental performance for better sustainability. 

• A substantial change in energy systems is needed to meet the 

increasing global energy demand in a sustainable fashion without 

hurting the environment, society, economy, and the well-being of 

the forthcoming populations. 



Major expectations from 
smart energy systems

• Smart energy systems can possibly be 

beneficial when resolving many of  the 

aforementioned requirement all together 

and provide multiple advantages at the 

same time.

• An energy system should meet many 

expectations simultaneously

• These expectations ultimately address the 

global energy challenges from various 

dimensions, including efficiency, 

effectiveness, cost, environment, resource 

use, sustainability, integrability, commercial 

viability, etc. 



Major expectations from smart energy systems

Exergetically sound

▪ Exergy is a critical indicator of  the quality of  energy. 

▪ For a system to be considered as smart, it should be exergetically sound. 

▪ The system should have minimum exergy destructions and maximum exergy efficiency 

possible. 

▪ In that case, a system could not only conserve the quantity, but also the quality of  its 

energy content.

Energetically secure

▪ This is basically about energy security. 

▪ A smart energy system should be designed and implemented in a way by taking 

advantage of  affordable, reliable, locally available, abundant and replenished sources. 

▪ Such smart energy systems then become self-sufficient, safe, efficient and hence secure. 

▪ With smart energy systems, end users have access to dependable, practical, safe, and 

efficient energy supply which eventually provides energy security.



Major expectations from smart energy systems

Environmentally benign

▪ Smart energy systems are clean at every stage from source to their end use with less 

emissions and efficient resource utilization. 

▪ Smart energy systems also include waste and loss recovery for both energy and 

materials. 

▪ Less waste and loss means more efficient systems, lower emissions, and better 

environment for future.

Economically feasible

▪ Smart energy systems are expected to use affordable, reliable, available, and abundant 

resources. 

▪ In addition, smart energy systems minimize losses and waste and maximize system 

efficiencies and desired outputs. 

▪ Together with dependable, affordable, and practical end use options, smart energy 

systems have significant economic benefits.



Major expectations from smart energy systems

Commercially viable

▪ From sources to end use, smart energy systems essentially take local and marked conditions into 

account. 

▪ A smart energy system uses what already available or easily accessible resources and provides the 

goods and services that are desired and considered as commercially viable. 

▪ This way they will have ability to compete effectively and economically to be profitable. 

▪ For example, smart energy systems using renewables increase their commercial viability with the 

support of  the government. 

▪ Furthermore, multigeneration is an example of  how a smart energy system could increase the 

number of  outputs in order to provide more commercial products.

Socially acceptable

▪ A smart energy system are expected to be socially acceptable to the local and global 

communities as such systems can satisfy the social needs and harmonize the options. 

▪ This is especially true when considering the end use aspect of  smart energy systems. 

▪ In order for a smart energy system to succeed, it should be accepted by the society so that it 

could become a part of  their daily lives and replace the traditional systems.



Major expectations from smart energy systems

Integrable

▪ Smart energy systems are expected to have the integrability feature which will have help 

achieve system integration for multigeneration purposes. 

▪ It is also important to engineer energy systems in integrated fashion to be smart or even 

smarter. 

▪ A smarter approach would be developing energy systems that can be integrated to the 

existing energy infrastructure. 

▪ The process of  Integration is defined as an ultimate operation where energy systems 

and sources are combined in a synergetic form to achieve better efficiency, cost 

effectiveness, resources use, and environment. 

▪ The less modifications an energy system require, the more likely it would be accepted by 

the society and the industry.



Major expectations from smart energy systems

Reliable

▪ The term energy system covers everything from the production, processing, and end 

use of  energy. 

▪ In every step, smart energy systems should be reliable such as using reliable and 

available/easily accessible resources, reliable energy processing/conversion systems, and 

providing reliable service for end use. 

▪ Reliability also increases the possibility for social acceptability.



Six pillars of  
sustainability 

Better 
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Six pillars of  sustainability 

Better efficiency

• Smart targets for future energy systems highlight the need for efficiency improvements. 

• Efficiency improvements could be reached by minimizing losses (such as insulation) and waste 
(such as waste recovery). 

• Increasing the number of  desired products from the same energy source (multigeneration) is 
also another way of  reaching better efficiencies.

Better resources use

• Means taking advantage of  renewable and clean energy sources to escalate the share of  locally 
available energy and material resources in every aspect of  the energy chain from extraction to 
end use. 

• This target aims to lower dependence on resources that are not locally available and affordable. 

• The environmental and economic impacts of  energy systems should be assessed and evaluated 
in detail in order to identify systems and resources that support clean, efficient, and affordable 
use of  resources.



Six pillars of  sustainability 

Better cost effectiveness

• Enhanced efficiency and better resources use bring another important aspect of  sustainability, 
which is cost effectiveness. 

• By reducing losses and waste, generating multiple products from the same energy source, and using 
reliable, available, abundant resources; smart energy systems provide better cost effectiveness.

Better environment

• Aims to at least keep the worldwide average temperature increase to less than 2OC above the pre-
industrial level. 

• In order to reach this smart target, the global CO2 emissions from the energy sector and the 
industry should be reduced to 30–70% of  2000 amounts before 2050. 

• After 2050, the goal is to approach zero or almost zero emissions from all aspects of  the energy 
chain. 

• Smart targets also aim to improve the health and environmental conditions by regulating residential 
and industrial air pollution, ocean acidification, and biodiversity loss. Reducing emissions can be 
accomplished via smart energy systems such as advanced materials and end use technologies



Six pillars of  sustainability 
Better energy security

• Means world-wide access to reasonably priced modern-day energy sources, systems, and 
carriers and end use efficiency. 

• Improved local and global energy security is an additional benefit of  smart energy systems for 
a sustainable future. 

• Lower dependence on energy import/export and energy supply reliability, flexibility, 
availability, and affordability is a major target for smart energy systems.

Better design and analysis

• A smart energy system is sustainable, and the sixth pillar of  sustainability is better design and 
analysis. 

• Smart energy systems are designed to minimize losses/waste and increase efficiency and 
amount of  desired products. 

• Smart energy systems tend to not to ‘‘use up” all of  their resources as sustainability also 
requires continuity. 

• Therefore, smart energy systems should have better designs to accommodate all needs at once. 



SMART ENERGY 
SYSTEMS



Smart energy systems
➢ There is no certain description for smart energy systems since they are dependent on the 

characteristics of  the local conditions such as their regions, state of  the economies.

➢ Smart energy systems can also be defined differently in rural and urban areas.

➢ Different methodologies are needed in different locations and economies for the 

transition to smart energy systems for a sustainable future.

➢ Smart energy systems which function effectively in a certain location might not operate 

well in another one. On the other hand, the shared experiences of  different locations and 

economies during the transition to smart energy systems are still useful for the global 

transition to a more sustainable future. 

➢ The development of  smart energy systems depends on how well the technologies are 

employed and how well smart energy systems are established to support the changes 

between traditional and smart energy systems



Smart 
Energy 

Portfolio

Exergization

Greenization

Renewabilizatio
n

Hydrogenizatio
n

Integration

Multigeneration
,

Storagization

Intelligization. 



Smart Energy Portfolio
➢ Exergization is the utilization exergy analysis to obtain maximum useful work

➢ Greenization is a way of  process improvement or design of  novel systems to make them 

more environmentally benign 

➢ Renewabilization is substituting conventional fuels with renewable energy sources. 

➢ Hydrogenization is the achievement of  a hydrogen-based economy for enhanced 

sustainability. 

➢ Integration is the combination and/or hybridization of  different energy systems/sources to 

reach better efficiency, cost effectiveness,

resources use, and environment.

➢ Multigeneration is reducing losses and waste and increasing system efficiencies by producing 

multiple outputs from the same energy source. 

➢ Storagization is employing reliable, affordable, and cleaner energy storage methods.

➢ Intelligization is using artificial intelligence tools when modeling,

implementing, optimizing, automating and controlling, and managing and metering energy 

systems.



Conclusion
❖Energy is an essential factor influencing the challenges of  the 21st century. 

❖Energy provides a useful opportunity to tackle many of  the challenges due to its 

immediate and direct relations with most important social, economic, security, 

and development targets of  future sustainability. 

❖Amongst the numerous other challenges, energy systems are strongly related to 

worldwide economic activities, to existing freshwater, land, and food resources, 

to biodiversity and air quality through emissions of  particulate matter and 

precursors of  tropospheric ozone, and to climate change.



Conclusion
❖Essential requirements for transition to smart energy systems for a sustainable 

future can be summarized as:

▪ energy conservation

▪ enhanced use of  renewable energies

▪ smart grids to support renewable energy utilization

▪ cleaner technologies

▪ multigeneration and efficient storage of  energy carriers and chemicals

❖In sum, smart energy systems could attain a sustainable future by tackling 

challenges and issues related to production, processing, and end use of  energy.



Conclusion
❖Among the selected sources, geothermal has the most potential in terms of  using 

cleaner technologies with energy conservation, renewability and the possibility of  

multiple desired products from the same source. Solar, hydro, and biomass are 

also beneficial. Even with carbon capture technologies, fossil fuels are not very 

desirable in smart energy systems because of  their emissions and non-

renewability.

❖substantial new approaches are needed to decarbonise the global economy and 

that in this regard, a systematic global shift to smart energy systems is urgently 

needed to avoid the risk of  catastrophic climate change or increasing gap 

between energy supply and demand.



First law and Second law efficiency


