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Effect of water vapor concentration in hydrogenous medium on structure and 

properties of nickel-zirconia anode materials for fuel cells 

 

Orest OSTASH, Bogdan VASYLIV, Viktoriya PODHURSKA 

Department of structural fracture mechanics of materials, H. V. Karpenko Physico-Mechanical 

Institute, Ukraine 

 

Anode ceramics of YSZ–NiO system for solid oxide fuel cells (SOFCs) has been investigated. A 

series of specimens were singly reduced in hydrogenous medium (the Ar–5 vol.%Н2 mixture) at 

600°С under the pressure of 0.15 MPa or subjected to reduction-oxidation (redox) cycling at 600°С. 

Developed cyclic treatment technique (redox cycling) comprising stages of material exposition in 

reducing and oxidizing gas media and intermediate degassing between these stages allows to reach 

better structural integrity of Ni/YSZ cermet anodes. It is known that under anodic operation in the 

presence of high water vapor pressures, redistribution of Ni in a cermet is carried out. In this study, we 

attempt to explain an effect of water vapor concentration in hydrogenous medium on structure and 

properties of Ni/YSZ anode materials. Based on structural changes in the as-received material it was 

revealed that the addition of 0.5 vol.% of water vapor to Ar–5 vol.% Н2 mixture does not cause a 

change in reduction kinetics while 5 vol.% of water vapor is an obstacle for reduction of the material 

and causes re-oxidation of a nickel phase. The material treated by redox cycling has higher resistance 

against re-oxidation. Based on the scanning electron microscopy, X-ray analysis and the data on the 

conductivity and strength, the dual effect of water vapor on durability of a nickel-zirconia anode is 

discussed. 

Keywords: SOFC anode material, hydrogenous medium, water vapor. 
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Impact of hacking in the ICT industry of Pakistan 

Imran, Batada1; Asmita, Rahman2;  

 
1Information & Communication Technology Department, Institute of Business Administration, 

Karachi- Pakistan. 
2Information & Communication Technology Department, Intradeim, Atlanta - USA 

 

Advent of Internet has been very effective for communication. It has proven to be, not only a 

marketing tool for the organizations but also, a place to store the data in the Information Systems. It 

has countless advantages including easy access from anywhere around the globe, easy searching and 

sorting. 

Website or Web Applications are normally hosted on the public IP and can be accessed from 

anywhere; therefore, ensuring the security aspect of information is very crucial.  

Dependencies of information systems are rapidly growing all over the world. However, security of 

these systems is very important as we heavily rely on such automated systems.  

As the utilization of Internet has increased, the cybercrimes rate has also increased. The intensity of 

the cybercrime varies from hacking on an email account, social media account to the false information 

or signal providing to the airplane. Hackers can hide their identity since a physical presence is not 

mandatory for doing this crime. 

This research identifies the weak areas of such systems specifically in Pakistan. Why is our public 

sectors website hacking percentage higher? How to mitigate this risk? This research will also show the 

impact and provide recommendations. 

This study would be useful for all the organizations with little or no security layer and also for those 

who are not following the best practices.  

 

Keywords: Hacking in Pakistan, Information Security, and Risk Associated with Online System.  
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Personal Support Mobile Robot 

 

Andy Alubaidy, Ph.D 

School of Mechanical and Electrical Engineering, Sheridan Institute of Technology and Advanced 

Learning, Canada 

 

In this work, a personal support mobile robot (PSMR) has been designed and built. The PSMR is 

capable of interacting with older adults and people with challenges, helping them with their daily 

activities and responding to emergency situations. Taking care of elderly and chronically ill people is 

becoming one of the major challenges in our society. Needs range from support in manipulation to 

assisting those with dementia and cognitive impairment. The currently available smart home systems 

have several limitations like the lack of personal interaction, no sufficient engagement of the person 

during a task and no assistance with physical activities. The proposed PSMR aims to overcome these 

problems. A novel intelligent system is developed using Robotino platform from Festo Inc., Microsoft 

Kinect, a surface tablet and other off-the-shelf sensors, actuators and devices. The PSMR has the 

ability to navigate autonomously in an indoor environment, localize the person and detect emergency 

situations, and socially interact with the person directly or by telepresence. The PSMR is 3D printed at 

Sheridan College’s Centre for Advanced Manufacturing and Design Technologies (CAMDT) and it is 

equipped with two human-like arms to perform some physical activities if needed. The Robotino is 

connected and communicated with a Microsoft surface tablet and Microsoft Kinect sensor a well as all 

the other sensors and motors using Labview. It also enables remote caregivers to establish a 

telepresence in people’s home through Skype.   

Keywords: Personal support, robot, telepresence 
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Safe Driving With Intelligent Driving Licence Using Internet of Things 

 

Abdullahi CHOWDHURY 

Research Student, Faculty of Science and Technology, Federation University Australia 

 

Internet of Things (IoT), which will create a large network of billions or trillions of “Things” 

communicating with each other, is one of the most important areas of the future technology and 

getting vast attention from industries including health services, transportation, food supply, 

agriculture, businesses and security as well as research organizations. Smart Transport System (STS) 

will be one of the main IoT services in the near future. IoT STS can collect data from the vehicles 

(e.g., cars, buses, trains equipped with sensors, actuators and processing units) and traffic information 

exchange nodes alongside the roads and the rails. This data can be shared with the drivers or 

passengers of the vehicles or traffic signal controllers to provide better and faster navigation, safety as 

well as to reduce travel time. We propose an Intelligent Driving Licence System (IDLS) that can store 

the pattern of the driving of the licence holder and can communicate with the road transport authority 

in case of traffic rules violations, road condition update or in emergency situations. In IDLS road 

transport authority will issue an Electronic Driving Licence that will have Global Positioning System 

enabled wireless sensor to communicate with STS via different sensors installed in Smart Traffic 

Signals. IDLS will play an important role in reducing road accidents by enforcing safe driving 

practice.  

Keywords: Internet of Things, Smart Transport System, Intelligent Driving Licence 

 

 

 

 

 

 

 



Presentations of EngTech2016 (978-0-9951985-5-5) 

13 
 

Development of Predictive Analytics and Visualization Methods for 9Cr Steel Alloys 

 

David, ETIM1; Vyacheslav, ROMANOV2, Ph.D. 

1Computer Science and Engineering, University of Connecticut, USA 
2Research & Innovation Center, National Energy Technology Laboratory, USA 

 

Retrieval of data sets generated by external sources for alloy materials have given the National Energy 

Technology Laboratory (NETL) an opportunity to learn from this information, chart new territory in 

analyzing materials information, and further improve predictive capabilities.  New predictive materials 

performance models can be developed while existing models can be refined and validated through 

mining high volume datasets from a variety of industrial and academic sources by using adaptable 

pattern discovery algorithms.  In this project, we explored this approach using a specific alloy class 

such as 9Cr steel to accelerate development of novel materials through utilization of data extraction 

and analytics tools.  A methodology was drafted in which we describe how the data is identified and 

collected, how it is formatted, and what we extract from it for use in predictive analysis.  Included in 

this methodology was a framework for storing, preprocessing, and analyzing the data, as well as 

methods for preserving data and model origin.  Relevant mechanical behavior models for 

completeness and data gaps, as well as targeting specific tests, were also identified. 

Keywords: Information retrieval, data visualization, predictive analysis 

 

The cost-effective energy regeneration method in inverter with a dynamic acceleration 

and deceleration  

SangHun, Lee1; ShungHyun, Kim2 

1 intelligent automotive team, Daegu Mechatronics & Materials Institute, S.Korea 
2 R&D technical center, Seoltech, S.Korea 

 

When an electric motor is driven by a variable frequency drive, electric power delivered to the motor 

is regenerated while the motor decelerates by applying negative torque to the motor shaft. Usually 

energy storage capacity inside the inverter is very limited so regenerative energy should be returned to 

the grid (ac/dc regenerative converter) or quickly dissipated by a braking resistor (ac/dc regenerative 

inverter with dynamic braking). In this paper, it shows the cost-effective energy regeneration method 

that the over-voltage developed at the proposed generable condition and the conventional regeneration 

condition is used to supply the effective regenerative power to the external load through dc/dc 

converter.  

Keywords Energy Regeneration, Energy Saving, DC/DC converter 



Presentations of EngTech2016 (978-0-9951985-5-5) 

14 
 

 
 

An Automated Inspection System Using Machine Vision Technology for Sustainable 

Manufacturing  

Heekyung, An1; Joo-Seop, Yun2; Suwoong, Lee3; Soon-O, Kwon4; Jae-Soo, Cho5  

1 Technology Convergence R&BD Group, Korea Institute of Industrial Technology, Daegu, Republic 

of Korea,  
2 Technology Convergence R&BD Group, Korea Institute of Industrial Technology, Daegu, Republic 

of Korea, Republic of Korea,  
3 Technology Convergence R&BD Group, Korea Institute of Industrial Technology, Daegu, Republic 

of Korea,  
4 Technology Convergence R&BD Group, Korea Institute of Industrial Technology, Daegu, Republic 

of Korea,  
5 Department of Computer Science and Engineering, Korean University of Technology and Education, 

Chyeonan, Republic of Korea,  

 

The sustainable manufacturing is a production concept considering three factors of environmental 

effects, factory productivity and working conditions. This paper introduces an automated inspection 

system for sustainable manufacturing, focusing on a fault inspection process of sealer application in 

automobile industry. There are two purposes of sealer application: waterproofing and coaptation of 

automobile parts. The status of sealer application is very significant because it is directly connected to 

waterproofing and automobile structure problem. We considered this situation of sealer application at 

the production site and developed the vision machine inspection system as a site control type. There 

are two goals in this vision machine inspection system. The first is to make it to detect in real time. It 

has been devised to cope quickly with the inspection error by detecting at the production site in real 

time and showing the result on smartphone for monitoring. The second is to minimize the detection 

error with inspector’s direct intervention on unclear defect among the results. For this, the detecting 

results are classified into three groups; OK, ING, and NG. OK signifies the reliability of product to be 

fine higher than 70%, ING, 50%~70%, and NG signifies 70% or higher reliability of the product to be 

poor. Therefore in case of ING, a person can make a final decision with direct intervention.  

Keywords: machine vision, inspection, sustainable manufacturing 
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Smart Village- Smarter Ways towards Rural Empowerment 

Hiteshkumar A. Patel 1, Hiralkumar V. Patel 2 

1. Asst. professsor , Department of Civil Engineering, U. V. Patel college of engineering, Ganpat 

university, Kherva- 384012, Dist- Mehsana, Gujarat-India,  

2. Asst. professor Department of Civil Engineering, U. V. Patel college of engineering, Ganpat 

university, Kherva-384012, Mehsana, Gujarat-India, 

 

Smart Village is a comprehensive and integrated local development approach that harnesses the social 

capital and pro-development environment generated by the existing efforts of the State and Central 

Governments. The key objectives of which is to provide affordable housing and diversified livelihood 

opportunities to all, promote hygiene, provided sanitation and drinkable water supply, promote skill 

development, boost medical and institutional facilities keeping in view a holistic approach towards 

sustainable future.  

The present study focuses on identification of key factors towards Rural Empowerment through a 

sustainable perspective without focusing on urbanism. Since a major share of domestic production of 

agro based products comes from Rural Areas and the lack of livelihood and skill developments are 

pushing the Rural towards Urban sprawl for living and employment opportunities a need for reforming 

Rural Administration and infrastructures has arose.  

The study emphasizes the importance of meeting the community‘s needs and offers several useful 

recommendations. Rural development implies both the economic betterment of people as well as 

greater social transformation. As per the need of the village in particular includes Physical 

infrastructure facilities (Water, Drainage, Road, Electricity, Solid waste Management, Storm Water 

Network, Telecommunication & Other), Social infrastructure facilities (Education, Health, 

Community Hall, Library, Recreation Facilities & other) and renewable energy (Rain water 

harvesting, Biogas plant, Solar Street lights & Other) for Sustainable development which can help in 

developing villages in sustainable manner, reduce migration from villages and prevent the cities from 

the urban pressure.  

By incorporating Smart Village concept the imbalance between Urban and Rural Infrastructure can be 

closed in a Sustainable manner without disturbing the originality or Rural Area, development not only 

means the development of Infrastructure it should also bring in the development of individuals too. 

Keywords: - Rural Empowerment, infrastructure, Sustainable Development 
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Multi Criteria Evaluation for Concentrated Solar Thermal Power Collecting 

Technologies 

 

Abdulrahman Kassema, Kamal Al-Haddadb, Dragan Komljenovicb,c 

aConcordia University, CIISE, 1455 De Maisonneuve Blvd. W., Montreal H3G 1M8, Canada 

bÉcole de Technologie Supérieure (ETS), 1100 Notre-Dame St. W., Montréal H3C 1K3,Canada 

cResearch Institute of Hydro-Québec (IREQ), 1800 Boulevard Lionel-Boulet, Varennes, QC J3X 

1S1,Canada  

 

Solar thermal power technologies are advancing and expected to play a key role in energy portfolios in 

the future. Four major solar collecting technologies provide different alternatives for solar thermal 

power utilities planners; these are parabolic troughs, power towers, parabolic dishes, and Linear 

Fresnel. The prioritization process at the planning stage is complex for energy projects. In this paper, 

we propose a multi criteria decision making approach for assessing solar thermal collecting 

technologies. The evaluation is conducted under four impact categories namely; technical, economic, 

environmental, and social. These impact categories are subdivided into 30 performance measures. 

Three scenarios are presented where technical and economic are dominating, social is dominating, and 

equal weight scenario for all impact categories. Accordingly, analytical hierarchy process is adopted to 

analyze these scenarios and assess solar thermal collecting technologies. 

Keywords: Multi criteria decision-making, Renewable energy sources, Concentrated Solar thermal 

power 
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Feasibility of a solar pond coupled to an absorption chiller for cooling building 

Safwan Kanan, Jonathan Dewsbury, and Gregory F. Lane-Serff 

School of Mechanical, Aerospace and Civil Engineering, Faculty of Engineering and Physical 

Sciences, The University of Manchester, M13 9PL, Manchester, UK 

 

Due to the abundance of solar radiation and high demand for space air conditioning during summer in 

hot areas, the use of solar energy to drive cooling systems becomes attractive. Solar cooling is a 

promising approach to reduce the energy consumption and negative environmental impact of 

buildings. Solar air conditioning systems have used different types of collectors to drive chillers. In 

this paper, a salinity gradient solar pond is suggested as a solar collector to drive an absorption chiller, 

to produce cool air for a house during hot and dry weather. A coupled simulation between MATLAB 

and TRNSYS has been used to solve the problem. MATLAB code was written to solve the governing 

equations for the salinity gradient solar pond and the ground underneath it. TRNSYS software was 

used to model the solar air conditioning system including the absorption chiller and building. The solar 

pond location was in Baghdad, Iraq. It was found that the salinity gradient solar pond could be used to 

drive the absorption chiller and provide cool air for a single family house during the summer period. 

Different solar pond areas were tested. It was found that a salinity gradient solar pond area of 400 m2 

was required to provide satisfactory cooling for a non-insulated house with a floor area of about 125 

m2 with keeping building air temperature below 26 °C. 

Keywords: Salinity gradient solar pond, solar cooling, TRNSYS simulation. 
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The impact of technological advanced material on improving the designing ideology of 

architecture and interior spaces” 

 

Dr. Rehap Abd Elfattah Nussir 

Lecturer, Department of Interior Design and Furniture, Faculty of Applied Arts –  

University 6 October, Egypt 

 

The world as seen through the past years, many of the technological revolutions concurrent resulting 

in a narrowing of the gap between the many disciplines that were far apart in the past, Quest for a 

material to suit the service performance is almost as old as the human civilization. And the net for this 

combination between different scientific specializations has been the discovery of a new type of 

technological advanced  materials, those  enabling technology to  build , repair or reconfigure 

components layer by layer or even pixel by pixel with appropriate materials  , enables better 

dimension and thermal cycle control  to match the performance will enhance the productivity and thus 

reduce energy consumption , Presents a new vision of communication between the internal space and 

surrounding environmental by using technology of  developed materials through the study of addition 

new procedures for  advanced materials in outer and internal vacuum To activate that vision, the 

researcher provide a range of ideas for different types of advanced materials such as : Hybrid materials 

, Recyclable materials , Smart materials , Eco-friendly materials and Gentic materials , in an attempt to 

develop sustainability design solutions for vacuum in several aspects as  technology, social and 

economic, Where it was concluded that the use of technology  developed materials in architecture and 

internal space represents one of the greatest challenges faced by the designers profession today. 

Keywords: Technology, Materials, Sustainability  
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Effect of water vapor concentration in hydrogenous medium on structure and 

properties of nickel-zirconia anode materials for fuel cells 

Orest OSTASH, Bogdan VASYLIV, Viktoriya PODHURSKA 

Department of structural fracture mechanics of materials, H. V. Karpenko Physico-Mechanical 

Institute, 5 Naukova str., Lviv 79060, Ukraine 

Abstract 

Anode ceramics of YSZ–NiO system for solid oxide fuel cells (SOFCs) has been investigated. A series 

of specimens were singly reduced in hydrogenous medium (the Ar–5 vol%Н2 mixture) at 600°С under 

the pressure of 0.15 MPa or subjected to reduction-oxidation (redox) cyclic treatment at 600°С. 

Influence of water vapor concentration in hydrogenous medium on structure and properties of the 

materials was studied. Based on structural changes in the as-received material it was revealed that a 

small amount of water vapor in Ar–5 vol% Н2 mixture (water vapor pressure below 0.03 MPa) 

accelerates a reduction of the nickel phase at 600°С with formation of nanopores on tiny Ni particles. 

A higher concentration of water vapor (the pressure above 0.03–0.05 MPa) causes a converse change 

in the reduction kinetics. For as-received material, such an amount of water vapor in the mixture is an 

obstacle for its reduction. For the material treated by redox cycling, better physical and mechanical 

properties were revealed after dwelling at 600°С in a water depleted gas mixture. Based on the SEM 

microscopy and the data on the conductivity and strength, the dual effect of water vapor on durability 

of a nickel-zirconia anode is discussed. 

 

Keywords: SOFC anode material, hydrogenous medium, water vapor. 

 

Introduction 

It is known that temperatures within the 550-600°C range are the most effective for the reduction of 

NiO powders (Utigard et al., 2005). However, exposition of NiO ceramics in Ar–5 vol%Н2 mixture, 

that can be used for gradual reduction of SOFC anodes, for 4 hours at 600°С causes partial reduction 

of the NiO particles forming thin edgings of metallic Ni (of thickness of 0.1–0.3 µm) around them 

(Podhurs’ka et al., 2014). During redox treatment of NiO ceramics, structural transformation of 

boundaries of contacting nickel phase particles occur causing increase in strength. 

It was revealed for ScCeSZ–NiO anode ceramics that at certain redox treatment regimes substantial 

improvements in strength (up to 112%) and electrical conductivity can be reached (Ostash et al., 

2011). It was also found that after the redox treatment of YSZ–NiO anode ceramics at certain regimes 

improvements in physical and mechanical properties occur (Wood and Waldbillig, 2011; Vasyliv et 

al., 2013). 

The efficiency of the fuel cell is known to rely significantly on fuel gas composition. It is known that 

the electrochemical oxidation of H2 is strongly influenced by the steam content in the fuel. It has been 

reported that a small amount of water (few %) significantly helps decrease anode polarization 

resistance, while too large an amount of water can degrade anode performance, especially at high 

electrical load and low concentrations of H2 in the fuel (Kim, Brett and Brandon, 2009). The 
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mechanism by which the steam content in fuels promotes the H2 oxidation reaction is still not well 

established. There is contradictory evidence as to whether adsorption of oxygen species from water on 

the ceramic part of a cermet anode or the metal part of the anode plays the key role in promoting the 

reaction. 

It is also known that under anodic operation in the presence of high water vapor pressures, 

redistribution of Ni in the YSZ–Ni cermet occurs (Primdahl, 1999). 

The aims of this work is to study an effect of water vapor amount in hydrogenous medium on structure 

and physical and mechanical properties of YSZ–Ni anode materials for solid oxide fuel cells (SOFCs) 

after various kinds of preconditioning, and also to find out microstructural changes causing resulting 

properties of the material. 

 
Material and Methods 

Anode ceramics of YSZ–NiO system sintered of zirconium oxide powder stabilized with 

8 mol% Y2O3, with the addition of 50 wt% NiO, has been investigated. A series of specimens of the 

size of 1525 mm were subjected to one-time reduction in hydrogenous atmosphere (the Ar–

5 vol%Н2 mixture) for 4 hours at 600°С under the pressure of 0.15 MPa, or to 'reduction in the 

mixture – oxidation in air' (redox) cycling at 600°С according to (Podhurs’ka et al., 2014; Vasyliv et 

al., 2013) (see Table 1). The preconditioned specimens and the as-received ones were then subjected 

to the dwell for 4 hours in 'water vapor – the Ar–5 vol% Н2 mixture' atmosphere at 600°С under the 

pressure of 0.15 MPa. In order to reach the pressure of 0.15 MPa, the test chamber was degassed and 

filled with water vapor of a certain pressure (0.03 or 0.148 MPa), and then filled up to the pressure of 

0.15 MPa with the Ar–5 vol%Н2 mixture. The test conditions were divided into three modes, and the 

names of samples contained designations of preconditioning and treatment modes (see Table 1). 

Table 1 The treatment regimes for the materials tested 

 

Name of a series Preconditioning Test mode 

A1 A 1 

R1 R 1 

RO1 RO 1 

A2 A 2 

R2 R 2 

RO2 RO 2 

A3 A 3 

R3 R 3 

RO3 RO 3 

 

A – as-received material, R – one-time reduction in the Ar–5 vol% Н2 mixture for 4 hours at 600°С under the 

pressure of 0.15 MPa, RO – redox treatment for 5 cycles (reduction in the Ar–5 vol% Н2 mixture – oxidation in 

air), mode 1 – no treatment, mode 2 – dwelling for 4 hours in 'water vapor – the Ar–5 vol% Н2 mixture' 

atmosphere at 600°С under the pressure of 0.15 MPa (water vapor pressure 0.03 MPa), mode 3 – dwelling for 

4 hours in 'water vapor – the Ar–5 vol% Н2 mixture' atmosphere at 600°С under the pressure of 0.15 MPa (water 
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vapor pressure 0.148 MPa). 

 

Ultimate fracture stresses of materials in the initial state, σf0, and after corresponding treatment, σf, 

were determined during the three-point bending test of the specimens in air at 20°С. Based on these 

data relative strength, f /f0, of the material treated was evaluated. 

Specific electrical conductivity of material, σ, was determined in air at 20°С using the Van der Pauw 

method (Van der Pauw, 1958). Fracture surface morphology of specimens was studied using SEM 

with secondary electron images. For this purpose the electron microscope Carl Zeiss EVO-40XVP was 

used. 

Results and Discussion 

It is known (Podhurs’ka et al., 2014) that exposition of YSZ–NiO ceramics at the temperature 600С 

for 4 hours in the Ar–5 vol%H2 mixture causes formation of thin Ni edgings (of thickness of 0.1–

0.3 µm) around NiO particles. As compared to as-received material residual stresses have not changed, 

and no noticeable change of zirconia skeleton has been found. But reduction in strength to 84% of the 

value for the as-received YSZ–NiO ceramics, caused by partial structural transformation of nickel 

phase, has been found for this mode of the treatment. The network of united Ni shells allows the 

electrical conductivity to be satisfactory. In pure hydrogen, nanopores on Ni particles formed due to 

their shrinkage as well as the pores between the particles prevent the rise of residual tensile stresses, 

but the nickel phase transformation followed by volume change and formation of pores causes the loss 

of a significant percentage of particle bonds and violate material integrity. Thus, reduction in strength 

to 48% of the value for the as-received YSZ–NiO ceramics was found. 

Taking into account the mentioned peculiarities, we used in this work the Ar–5 vol%H2 mixture for 

gradual reduction of SOFC anode material. 

A strong tendency to increase the strength of material after both the one-time and redox 

preconditioning has been observed (mode 1 in Fig. 1a, b). Electrical conductivity of material has 

increased to a quite appropriate level as a result of reduction of a nickel phase (mode 1 in Fig. 1c). 
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Fig. 1. Ultimate fracture stresses, σf, (a), relative strength, f /f0, (b), and specific electrical 

conductivity, , (c) for materials tested in modes 1–3 (see Table 1); 

white bars – A series (no preconditioning); hatched bars – R series (preconditioning by one-time 

reduction); cross-hatched bars – RO series (preconditioning by redox cycling); numbers above the bars 

indicate values of corresponding parameters 

 

A coarse agglomerate fracture was observed for R series (Fig. 2b) and especially for RO series 

(Fig. 2c) contrary to flat surface morphology of a specimen in A series (Fig. 2a). This explains a 

strength increase following the growth of fracture surface area. At high magnifications we can observe 

signs of ductile elongation of the nickel phase particles for R series (Fig. 2e) and especially for 

RO series (Fig. 2f) contrary to their brittle debonding for A series (Fig. 2d). 
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Fig. 2. Observations of the fracture surface morphology of specimens (a, d) A1, (b, e) R1, and (c, f) 

RO1 at (a–c) low and (d–f) high magnifications (see Table 1) 
 

No discernible difference in mechanical behaviour was found for materials tested in mode 2 (see 

Fig. 1a, b). A small amount of water vapor in Ar–5 vol% Н2 mixture (water vapor pressure below 

0.03 MPa) does not affect the reduction of a nickel phase in YSZ–NiO ceramics (see Fig. 3a, d) but 

causes some changes in the YSZ–Ni cermet structure (see Fig. 3b, c, e, f), in particular, growth of 

nanopores on tiny Ni particles. Resulting strength of the YSZ–Ni cermet decreases by 10–12% as 

compared to the material reduced in the atmosphere without water vapor. Electrical conductivity of 

material is of about the same level as for preconditioned series in mode 1 except for A series where it 

is five times lower, as a result of partial reduction of a nickel phase (mode 2 in Fig. 1c). 
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Fig. 3. Observations of the fracture surface morphology of specimens (a, d) A2, (b, e) R2, and (c, f) 

RO2 at (a–c) low and (d–f) high magnifications (see Table 1) 
 

For as-received material (A series), high concentration of water vapor in Ar–5 vol% Н2 mixture 

(water vapor pressure 0.148 MPa) is an obstacle for its reduction. As a result no satisfied value of 

electrical conductivity for A series was reached (mode 3 in Fig. 1c). A particular increase in strength 

(mode 3 in Fig. 1a, b) is probably caused by water vapor assisted lowering the residual stresses in 

YSZ–NiO ceramics (Huiming and Maosong, 2009) because no visible signs of structural degradation 

are observed (Fig. 4a, d). At the same water vapor concentration, a drastical drop of strength of 

preconditioned materials was revealed (mode 3 in Fig. 1a, b). Such an atmosphere does not allow the 

reduction of a nickel phase to occur. In the presence of water vapor of high pressure, re-oxidation of a 

nickel phase occurs at 600°С and, finally, degradation of YSZ–Ni cermet takes place by debonding 

smaller particles of nickel phase (Fig. 4b, c, e, f), accompanied with slight lowering the conductivity 

(by 3%). The strength of the one-time reduced material (R series) is lowered by 19% and the cyclically 

treated one (RO series) – by 27% as compared to the as-received ceramics (mode 3 in Fig. 1a, b). 

 

 
 

Fig. 4. Observations of the fracture surface morphology of specimens (a, d) A3, (b, e) R3, and (c, f) 

RO3 at (a–c) low and (d–f) high magnifications (see Table 1) 
 

Thus, we revealed a positive effect of high amount of water vapor at 600°С on the strength of the 

as-received ceramics. But in all the cases of preconditioned specimens, deterioration of physical and 

mechanical properties affected by water vapor of high pressure, was observed. We suppose that such a 

dual effect of water vapor on durability of a nickel-zirconia anode needs to be an object of 

forthcoming detailed investigations. 
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Conclusions 

In this work, some reasons on structural degradation of nickel-zirconia SOFC anodes in operating 

media have been explained. Based on the experimental data the dual effect of water vapor on 

durability of the anodes has been revealed. A small amount of water vapor in Ar–5 vol% Н2 mixture 

(water vapor pressure below 0.03 MPa) does not affect the reduction of a nickel phase in YSZ–NiO 

ceramics but causes some changes in the YSZ–Ni cermet structure, in particular, growth of nanopores 

on tiny Ni particles. Resulting strength of the YSZ–Ni cermet decreases by 10–12% as compared to 

the material reduced in the atmosphere without water vapor. A higher concentration of water vapor in 

the mixture (water vapor pressure above 0.03–0.05 MPa) causes a converse change in the reduction 

kinetics. For as-received material, such an amount of water vapor in the mixture is an obstacle for its 

reduction. It also causes re-oxidation of a nickel phase in the YSZ–Ni cermet at 600°С. For the 

material treated by redox cycling, better physical and mechanical properties were revealed after 

dwelling at 600°С in a water depleted gas mixture. Contrary to this, after dwelling at 600°С in a water 

enriched gas mixture, the material showed lower resistance against re-oxidation and the lowest 

strength. We suggest that amount of water vapor in operating hydrogenous media of SOFCs should be 

limited and water vapor pressure should be below 0.03–0.05 MPa. 
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Abstract 
Solar thermal power technologies are advancing and expected to play a key role in energy portfolios 

in the future. A vital component of solar thermal power plants is the solar collectors. Four major solar 

collecting technologies provide different alternatives for utilities planners; these are parabolic 

troughs, power towers, parabolic dishes, and Linear Fresnel. The prioritization process at the 

planning stage is complex for energy projects. In this paper, an evaluation is conducted under five 

trajectory criteria; technical, economic, environmental, social, and political. These criteria are 

subdivided into 19 sub-criteria. Two multi criteria decision making approaches are utilized for the 

evaluation namely; multi criteria evaluation, and analytical hierarchy process. A survey instrument is 

developed in which 140 data providers from solar thermal power field participated in evaluating the 

main criteria and sub-criteria. The results of the two evaluation methods revealed strong performance 

of solar tower followed by parabolic trough with regard to main decision criteria, whereas parabolic 

dish achieved lowest ranking. The sensitivity of multi criteria evaluation method to main criteria 

weights alteration is found to be higher than analytical hierarchy process for alternatives evaluation. 

Keywords: Multiple-criteria decision analysis, Renewable energy sources, concentrated solar thermal 

power, Analytical hierarchy process, Multi criteria evaluation 

1. Introduction 
Electrical energy sources are important for nations in modern life. The demand of energy is 

increasing with both the increase of populations and the economic development. The usage is expected 

to keep increasing between 32% and 84% by 2050 compared to 2007 (Ummadisingu & Soni 2011). 

Recognition of the limited supply of fossil fuels and its environmental impact led the interest in 

renewable energy source (RES). RESs are infinite unlike fossil fuels, and hence they support 

sustainability. Renewables have become mainstream sources with increasing penetration to electric 

grid to support diversification. In fact, RESs provided an estimated 19% of global energy consumption 

in 2013 while the growth in capacities continuing in 2014 (Anon 2015). Several available RES are 

capable of supporting sustainability and reducing emission including but not limited to solar 

photovoltaic, solar thermal power, wind, and geothermal. 

Sun delivers significant energy to earth waiting to be harnessed and converted to electricity 

supply. Concentrated solar thermal power (CSP) works on converting solar heat into electricity in a 

non-exhausted and renewable manner. Accordingly, CSP has drawn attention for research and 

development to develop a reliable technology that can supply electricity. CSP can contribute to 

provide critical solutions to energy problems in relatively short time frame giving its inherent 

resemblance to conventional energy source compared to other RESs (Pitz-Paal et al. 2005). CSP plants 

work in their main part at collecting solar light and concentrate it to raise the temperature of a heat 
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transfer fluid which subsequently facilitates running conventional steam turbines. The International 

Energy Agency (IEA) indicated that CSP is witnessing robust growth and it is diversifying and 

creating pathways that promise to increase deployment (Anon 2014b). This paper carries out a 

comparison of two multi-criteria decision analysis (MCDA) methods for the evaluation of solar 

thermal power collecting technologies. The rest of the paper is organized as follows. Section 2 

introduces the collecting technologies and the evaluation process. Section 3 defines the methodology 

followed each approach and Section 4 presents the results and discussions as well as sensitivity 

analysis. Section 5 describes the main conclusions derived from this research. 

2. Technology evaluation process  
Solar field is vital component of concentrated solar thermal power plant. In solar field four types 

of technologies are considered as different options which influence the subsequent phases of the plant 

as well as the requirements and outputs. Parabolic trough collectors, linear Fresnel collectors, solar 

towers, and parabolic dishes are the four major collecting technologies (shown in Figure 1). Each 

technology has advantages and disadvantages which need to be considered in evaluation. Parabolic 

trough and linear Fresnel are based on a linear receiver concept in which the mirrors reflect solar 

radiation into the linear receiver containing heat transfer fluid. The solar tower and parabolic trough on 

the other hand depend on focusing the solar radiation into a focal point. In this research, an evaluation 

of these four technologies is carried out utilizing two evaluation methods.  

 

 
Figure 1: Major concentrating solar collection technologies (Lenzen 2014) 

 

In order to carry out the evaluation process, two approaches are utilized owing to their capabilities 

to deal with the significant number of criteria. Technical, economic, environmental, social, and 

political criteria are involved and subdivided into further sub-criteria. The selected approaches also 

apply a hierarchal breakdown which helps to simplify the assessment process. Furthermore, they 

facilitate the incorporation of quantitative and qualitative data into the mathematical models. 

Subsequently results are obtained following each model, and hence compared.  

First approach is the multiple criteria evaluation (MCE) proposed by J. Kaldellis (Kaldellis et al. 

2013), while the second approach is the well-known analytical hierarchy process (AHP) proposed by 

T. Saaty (Saaty 1980). Four steps are followed to develop the evaluation process considering the 

employment of both MCE and AHP: First, selecting evaluation criteria; Second, obtain the weight 

factors in MCE and priority weights in AHP;  Third, determining the numerical values for alternatives 

based on the two methodologies; Fourth; calculate the overall scores of alternatives (Kaldellis et al. 

2013; Mateo 2012). The hierarchy of the evaluation is obtained through literature review to define the 

decision criteria (Kassem et al. 2016). Five main trajectories representing the main decision criteria are 

defined. The decision criteria are subsequently divided into 19 sub-criteria. Accordingly, 140 data 

providers from CSP field are consulted through a survey instrument and the weighting of decision 

criteria against each other’s with respect to goal is conducted. In addition, sub-criteria evaluation 
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against each other’s with respect to parent nodes is conducted. Data from literature revealed the 

alternatives weights with respect to sub-criteria, but where data has been unattainable subjective 

judgment has been used. Therefore, the combination of literature review and data provider’s 

judgments facilitated the analysts to apply MCE and AHP. 

3. Methodology 
In this section an explanation of MCE and AHP is presented. Figure 2 illustrated the evaluation 

hierarchy based on literature review (Kassem et al. 2016). The goal here is to attain the evaluation of 

the second and third level of the hierarchy according to the mathematical models proposed by MCE 

and AHP while the results are presented and compared in Section 4. 

 

 

Evaluate solar thermal collecting technolgies

·Maturity

·Efficiency

·Reliability

·Deployment time

·Experts availability

·Safety

·Scalability

·Capital cost

·O&M  cost

·Energy cost
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·Market maturity
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·Job creation

·Social acceptance

·National economic 
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·Logistical feasibility

·Political acceptance

Social PoliticalEconomicTechnical

 

Parabolic trough Solar tower Parabolic dish Linear Fresnel

 
Figure 2: Evaluation hierarchy 

 

Based on the hierarchy, the evaluation process proceeds following two paths as per the 

approaches procedures as shown in Figure 3. For MCE weight factors and impact intensity are 

obtained through questionnaire data for all parameters; thus, the performance of decision criteria and 

the overall scores of alternatives are calculated. For AHP on the other hand, pairwise comparisons to 

all parameters with respect to parent node are conducted; subsequently, the priority weights of 

evaluating parameters are calculated to find the local weights of alternatives; afterward, the 

alternatives ranking is attained through the evaluation matrix. After obtaining the MCE and AHP 

results, they are compared and conclusions are drawn. 
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Figure 3: Evaluation methodology 
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3.1 Multiple criteria evaluation 
The Multiple criteria evaluation depends on attaining the overall score for each alternative. In 

order to calculate the overall scores, it is required to find out the weight factors of each collection 

technology and its performance. We have 5 decision criteria, 19 sub-criteria, and 4 collection 

technologies. The overall scores will be calculated as per Equations 1 to 3 (Kaldellis et al. 2013).  

 

Roj = ∑ (𝑊𝐷𝐶𝑖. 𝑟𝐴𝐿𝑇𝑗)𝑛
𝑖=1  … (1) 

 

Where Ro is the overall score; W is the weight factor; r is performance; i is decision criterion; j 

is alternative; and n is the number of decision criteria. Accordingly we obtain: 

 

Roj = (Wtech.rtechj) + (Weco.recoj) + (Wenv.renvj) + (Wsoc.rsocj) + (Wpol.rpolj) 

 

The weight factors are calculated according to Equation 2. The weight factor is assigned a 

positive value if the preference is to obtain high values and assigned a negative value if the preference 

is to obtain low values. The performance of each decision criteria is calculated using Equation 3. 

 

Wi= ± |mi| / ∑ |mi|i  … (2) 

rDCj= ∑ 𝑊𝐷𝐶𝑖. 𝑉𝑖𝑗i  … (3) 

 

Where mi is the median; W is the weight factor of sub-criteria; and V is the impact intensity. 

Accordingly we obtain the performance of each decision criteria as follow: 

 

rTechj= ∑ 𝑊𝑇𝑒𝑐ℎ(𝑖). 𝑉𝑖𝑗i  , rEcoj= ∑ 𝑊𝐸𝑐𝑜(𝑖). 𝑉𝑖𝑗i  , rEnvj= ∑ 𝑊𝐸𝑛𝑣(𝑖). 𝑉𝑖𝑗i  

rSocj= ∑ 𝑊𝑆𝑜𝑐(𝑖). 𝑉𝑖𝑗i  , rPolj= ∑ 𝑊𝑃𝑜𝑙(𝑖). 𝑉𝑖𝑗i  

3.2 Analytical Hierarchy Process  
The analytical hierarchy process is a well-known approach and widely used in energy 

planning. In AHP a pairwise comparison is conducted between each two parameters with respect to 

parent node to facilitate breakdown the problem into smaller segments. AHP helps decision makers to 

evaluate the impact of decision criteria (attributes) on the overall goal. In contrary to MCE, AHP does 

not assign negative values. Rather a matrix of alternative weights is obtained through multiplying two 

matrixes; one represents the criteria weights with respect to goal, and the other represents the 

alternative weights to each criteria as per Equation 3. AHP applies consistency test which helps screen 

out inconsistenet judgments of participants. The consistency is measured as the ratio of consistency 

index to random consitency. Random consistenccy is provided by T. Saaty based on the number of the 

involved elements in the evaluation as shown in Table 1 (Kaldellis et al. 2013). Expert choice is a 

decision making software based on AHP and developed by T. Saaty and E. Forman, it is utilized for 

the AHP evaluation. 

[ 𝑊𝑖𝑗] [ 𝑊𝑗𝐺] =  [𝑅𝑖𝐺]  … (3) 

 

Where Wij is an m* n matrix in which m is the number of alternatives and n is the number of 

decision criteria; Wij is the weight of each alternative with respect to the parent decision criteria in 

which each column is a set of alternatives weights to each sub-criteria; WjG is the weight of each 

decision criteria with respect to the goal. 
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n 2 3 4 5 6 7 8 9 

RI 0 0.58 0.90 1.12 1.24 1.32 1.41 1.45 

Table 1: Random index for different values based on the involved elements in the evaluation 

 
4. Results and discussions 

In this section we will introduce the results of the evaluation using the two approaches. The results 

will be presented and compared to address the differences occurred based on the proposed calculation 

methodologies by each method. 

 

4.1 Multiple criteria evaluation results 
A survey instrument is utilized to obtin contributions from data providers working in the solar 

thermal power field (Kassem et al. 2016). The medians are obtained from 140 experts participating in 

the questionnaire and IBM SPSS statistics software is utilized to find the weight factors. Equations 1 

to 3 are applied to obtain the overall score of alternatives. Tables 2 and 3 illustrate the weight factors 

of the decision criteria and sub-criteria calculated through Equation 2. 

 

Decision criteria Technical Economic Environmental Social Political 

Median 5 5 4 4 3 

Weight factor 0.238 0.238 0.19 0.19 0.143 

Table 2: Decision criteria weight factors 

 

Accordingly, the overall score of an alternative is shown as follow: 

 

Roj = (0.238.rTechj) + (0.238.rEcoj) + (0.19.rEnvj) + (0.19.rSocj) + (0.143.rPolj) 

Sub-criteria Maturity Efficiency Reliablity 
Deployment 

time 

Experts 

availability 
Safety Scalability 

Median 5 4 5 4 4 4 4 

Weight factor 0.167 0.133 0.167 -0.133 0.133 0.133 0.133 

Sub-criteria 
Capital 

cost 
O&M cost 

Energy 

cost 

Operational 

life 

Market 

maturity 

Required 

area 

Emission 

reduction 

Median 5 4 4 4 4 4 4 

Weight factor -0.238 -0.19 -0.19 0.19 0.19 -0.5 0.5 

Sub-criteria 
Job 

creation 

Social 

acceptance 

National 

economic 

benefits 

Logistical 

feasibility 

Political 

acceptance 
N/A N/A 

Median 4 4 4 4 4 N/A N/A 

Weight factor 0.5 0.5 0.333 0.333 0.333 N/A N/A 

Table 3: Sub-criteria weight factors 

Afterward, we can calculate the impact intensity of each alternative with respect to the 

decision criteria. The following is an example of calculating the impact intensity for parabolic trough 

with respect to technical criteria. Data from literature revealed the alternatives weights with respect to 

sub-criteria, but where data has been unattainable or subjective, judgment has been used. 

rTechj= ∑ 𝑊𝑇𝑒𝑐ℎ(𝑖). 𝑉𝑖𝑗i  

rTechPT = (0.167*VPT maturity) + (0.133*VPT efficiency) + (0.167*VPT reliability) + (- 0.133*VPT deployment time)+ 

(0.133*VPTexperts availability) + (0.133*VPT safery) + (0.133*VPT scalability) 
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Similarly, impact intensity is obtained for all parameters in order to find out the overall score 

of each alternative. Figure 2 illustrates the impact intinsities and overall scores of all alternatives with 

respect to decision criteria. Power tower achieved highest score advancing on parabolic trough as a 

result of lower energy costs in economic category, whereas parabolic dish reflectors achieved lowest 

score as a result of its low performance in economic criterion. 

 

 

Figure 4: Alternatives performances with multiple criteria evaluation 

4.2. Analytical hierarchy process results 
The data obtained from the survey instrument, literature, and analysits judgments are utilized 

to employ pairwise comparison following AHP procedure. Subsequently, the priority weights are 

obtaied for alternatives with respect to each subcriteria as shown in Figure 3. In addition, the priority 

weights are obtaied for sub-criteria with respect to criteria and criteria with respect to goal. The 

priority weights of sub-criteria represent the local weights of alternatives and they form a matrix with 

regard to each associated criteria. Multiplying this matrix by the priority weights of sub-criteria with 

respect to goal we find the global weights of alternatives with respect to main criteria. Subsequently 

the global weights form a new matrix to be multiplied by the criteria priority weights with respect to 

goal which finally leads to the priority weights of alternatives with respect to goal. 

The priority weights shown in Figure 5 reflect the areas of strengths and weaknesses of each 

collecting technology. Parabolic trough achieved highest weight at expert availability as a result of 

being the most used collecting technology amongst all (Anon 2014a). Power tower along with 

parabolic trough scored high in maturity reflecting that the largest operational CSP power plant in the 

world is currently using heliostat reflectors while parabolic trough is the most currently used collecting 

technology. However, power tower achieved lowest score in scalability as a result of its inherent 

design consisting of the central tower mainly designed for utility scale. Parabolic dish on the other 

hand has been indicated as the most suitable collecting technology for scalability which is reflected in 

the priority of scalability bar. On the other hand parabolic dish is the least mature technology which is 

reflected in the maturity bar. Linear Fresnel scored positively the lowest in capital cost reflecting low 

material demand associated with linear Fresnel reflectors. Similarly, looking in Figure 5, the 

performance of each of the collecting technologies with regard to any sub-criteria can be inferred.  
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Figure 5: Priority weights of alternatives with respect to sub-criteria 

Figure 6 illustrates the priority weights of main criteria with respect to goal reflecting data 

providers’ judgments. Technical and economic criteria are the most important which is reflected 

through higher weights than the other parameters. Widely used projects evaluation methods, such as 

cost to benefit ratio, depend on the technical and economic aspects, and using multi criteria assessment 

still urges the significance of these aspects as the most influential while social and political are to be 

considered but they are the least influencing parameters. 

 

Figure 6: Priority weights of main criteria with respect to goal 

 Through the evaluation matrix of AHP, in which the priority weights of alternatives with 

respect to each sub-criterion and the priority weights of criteria with respect to goal are obtained, we 

can determine the weights of alternatives with respect to goal. Figure 7 depicts these weights. It can be 

noticed that solar tower achieved the best overall score as a result of outstanding performance in 

different criteria and linear Fresnel oppositely achieves the lowest overall score.   

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1

Parabolic trough Power tower Parabolic dish Linear Fresnel

31%

31%

18%

10%
10%

Technical

Economic

Environmental

Social

Political



Presentations of EngTech2016 (978-0-9951985-5-5) 

36 
 

 

Figure 7: Alternatives performances with analytical hierarchy process 

4.3. Comparison of results 
Following the mathematical models proposed by MCE and AHP we obtained alternatives 

evaluation. It is reflected in Figure 8 that the approaches led to similar ranking in terms of 

technologies orders where solar tower scored the highest weight and parabolic dish scored lowest 

weight which reflects degree of reliability for the two methods. Slight differences yet appear in which 

parabolic trough comes in second place 5% lower than solar tower using MCE and only 2.5% using 

AHP. To check the influence of decision criteria weights alteration similar weights scenario for 

decision criteria is tested using both methods. Environmental criterion weight illustrated impact on 

final result in which increasing its importance to 30% while other criteria share similar weights led to 

priority of parabolic trough over solar tower using MCE. AHP depicts less response to the alteration in 

which parabolic trough only comes to first rank when environmental criterion weight reaches 50%. 

With regard to other criteria weights, AHP illustrates stability to changes unless dramatic change of 

criteria weights are applied where one criterion weights > 80%. For MCE on the other hand, a scenario 

where technical criterion weights 50% and the other criteria are of equal weights, parabolic trough also 

obtain priority. These differences reflect the influence of the mathematical model of each approach on 

final results. 

 

 
Figure 8: Alternatives weights in AHP and MCE 
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5. Conclusion 
 

In this research, we have evaluated four collecting technologies related to concentrated solar 

thermal power. Two multiple-criteria decision analysis methods are utilized and the results are 

compared. Solar thermal collecting technologies literature and a survey instrument are consulted for 

decision criteria and alternatives definition and evaluation. Accordingly, five decision criteria and 19 

sub-criteria are derived. In addition, 140 data providers from concentrated solar thermal field 

participated in the evaluation process. Based on contributors’ assessment, technical and economic 

decision criteria obtained highest weights (31% each) whereas social and political criteria achieved 

lowest weights (10% each). The results obtained from the two adapted approaches revealed a strong 

performance of solar tower followed closely by parabolic trough collectors. Both technologies 

achieved outstanding priority weights in the main decision criteria. Multi criteria evaluation method 

illustrated more sensitivity to criteria weights alteration than analytical hierarchy process. A scenario 

where environmental criterion is of 30% weight whereas the other criteria are of equal weights would 

result in a swing between solar tower and parabolic trough ranking using multi criteria evaluation, 

while it requires 50% weight to achieve the same result using analytical hierarchy process which 

reflects higher stability. In energy planning arena where subjectivity cannot be reduced to zero, lower 

sensitivity is advantageous to analytical hierarchy process. 
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Abstract 

Retrieval of data sets generated by external sources for alloy materials has given the National Energy 

Technology Laboratory (NETL) an opportunity to learn from this information, chart new territory in 

analyzing materials information, and further improve predictive capabilities.  New predictive 

materials performance models can be developed while existing models can be refined and validated 

through mining high volume datasets from a variety of industrial and academic sources by using 

adaptable pattern discovery algorithms.  In this project, we explored this approach using a specific 

alloy class such as 9Cr steel to accelerate development of novel materials through utilization of data 

extraction and analytics tools.  A methodology was drafted in which we describe how the data is 

identified and collected, how it is formatted, and what we extract from it for use in predictive analysis.  

Included in this methodology was a framework for storing, preprocessing, and analyzing the data, as 

well as methods for preserving data and model origin.  Relevant mechanical behavior models for 

completeness and data gaps, as well as targeting specific tests, were also identified. 

 

I. Introduction 

An alloy is a mixture of metals or a mixture of metal and other elements.  Alloys are defined by 

metallic bonding character and may be a solid solution of metal elements or a mixture of two or more 

solutions.  Combining metals can reduce the cost of the material while preserving the important 

properties.  In other situations, the combination of metals improves chemical stability and mechanical 

properties compared to the constituent metal elements, such as corrosion resistance or mechanical 

strength. One example of an alloy that’s examined in this work is steel, which is an alloy of iron and 

other elements, primarily carbon, used because of their high tensile strength and low costs.  

 

The 9-12% Cr class of steels offers the highest potential to meet performance requirements at the 

property level for critical mechanical components.  Since the 1970s, the research efforts from 

international programs in Japan, Europe, and the United States have focused on the development of 

this class of ferritic-martensitic 9-12% Cr steels [1].  The research programs supported by Electrical 

Power Development Company (EPDC) in Japan led to a number of new steels with improved creep 

testing properties at 600°C and even higher temperatures. Several new alloy materials are under 

development for fossil energy technologies as well as a wide variety of other applications.  These 

materials must be tested for thousands of service hours, in the laboratories.  Reducing the number of 

long-term tests required while retaining a high degree of test result integrity as well as analyzing the 

uncertainty in the information gathered will help speed up the development of these new materials and 

further the development of associated technologies. 
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II. Motivation 

Today’s material test data is reduced with the help of a variety of mechanistic models to predict the 

performance at countless hours under simulated service conditions.  The current models do not predict 

the microstructure of an alloy’s evolution with time nor do they correlate microstructure changes with 

mechanical behavior in the alloy.  Collections of data are available that has basic material mechanical 

behavior information as well as selected changes in the microstructure in addition to what been 

previously available.  We have explored the opportunity to learn from these data sets, chart new 

territory in analyzing material data and improving predictive capabilities.  We selected a specific alloy 

class, such as 9Cr steel, to investigate the possibilities for accelerated development of novel materials 

through data extraction and information retrieval. Within the exploration, we worked to identify 

datasets on 9Cr steel family of alloys from various sources as NETL and databases from other 

countries.  This paper presents a methodology developed that defines how data on alloy materials can 

be identified and retrieved as well as a framework for storing, preprocessing and analyzing data. 

 

The remainder of the paper is organized as follows. Section III outlines the characteristics of alloy 

steel data that was identified and published in databases and various formats. Section IV discusses the 

methodology developed to preprocess, extract and format data, and explains what tools and resources 

were used in the process. Section V displays results of data extraction from implemented methods, 

while Section VI covers data analytics which ties into future work discussed in Section VII. Section 

VIII concludes the paper followed by acknowledgments and references in Sections IX and X. 

 

III. Chemical Composition 

The specific class of alloys that was chosen for this project was the 9Cr steel family.  9Cr has 

improved hardenability and is more commonly used in the higher strength applications.  The following 

is the chemical composition of 9Cr containing its minimum and maximum values: 

 

Table 1: Typical composition of a 9Cr steel alloy 

 

 C Mn Mo Cr Ni Cu Ti P S Si V Al 

Min 0.090 0.300 0.900 8 - - - - - - - - 

Max 0.150 0.600 1.100 10 0.250 0.250 - 0.020 0.010 1 - 0.040 

 
Particular steel observed in this research is 9Cr-1Mo-V, also known as the P91 steel.  The P91 steel is 

a high strength alloy that normally transforms to martensite during air cooling. It has retained austenite 

transformed to martensite upon cooling from the tempering temperature, resulting in small amounts of 

untempered martensite in fully heat treated weld deposit.  Martensite is a metastable micro constituent 

of any of the various forms of carbon steel, produced by undercooling sufficiently below the normal 

transformation temperature while austenite is a solid solution of carbon or of carbon and other 

elements in gamma iron, having a face-centered cubic lattice at all temperatures [4]. We observe this 

steel among others from the National Institute of Materials Science (NIMS) Database as well as the 
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pipe, plate, and tube. All three parts are formed differently, which allows for varying requirements and 

elements referenced, and leads to different chemical compositions. An example is shown in Figure 1. 

 

 

Figure 1: Chemical composition for the 9Cr-1Mo-V-Nb 

 
 

IV. Methodology 

The initial step in the methodology was to identify data that is available on 9Cr steel alloys.  The 

MatNavi database, sponsored by the National Institute of Materials Science, provided data sheets on 

various steels in the 9Cr family [8].  This data provided information about creep strength and fatigue 

strength testing for these steels.  Resources such as Science Direct, Google Scholar, NIST, as well as 

other resources on NETL’s Virtual Library were used in excess to gain information on this specific 

type of steels. 

 

A. Preprocessing 
Understanding and cleaning the data for proper normalization is one of the very essential steps 

for effective data mining and analysis.  Preprocessing becomes very crucial in any kind of 

predictive analytic modeling or information gain.  This process transforms the data into a 

format that is more simple and effective for one to put to use.  We look at various forms of 

extraction to see what existing methods are available and what software is readily available to 

download that can clean and process the data into a better format. For example, if we find a 

mass amount of data in Excel format but we want to extract certain information from it, we 

first need to clean and tidy the data because its given form is too raw.  Raw data is in a usable 

format if it follows these rules: no previous software was run on it, numbers weren’t 

previously manipulated, no data was removed, and the data hasn’t been summarized yet.  

 

B. Data Formatting 

A collection of data may come in various formats so we explore all possibilities. In this work, 

we look at how to read from different types of formats and programs for which our data may 

be presented in. The types that have been explored so far include: Excel (csv files), XML, 

JSON, MySQL, Web data, and APIs.  Excel is still one of the most widely used formats for 

sharing data and was the most primary source so far in this research.   

 

C. Software and Retrieval Tools 

Various software packages and resources are available for data extraction and information 

retrieval.  The literature search led to using software such as Tabula, Online Character 

Recognition (OCR), and VeryPDF Table Extractor, to help extract table data. Publications 
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about alloy steels would mostly include the chemical compositions.  Whether the focus was on 

welding, heat treatment, microstructure, or various types of testing, there would be table data 

on those subjects, which was what we were interested in extracting.  

 

D. Extraction through Coding 
The programming software package that has been mostly used thus far in this research is R, a 

programming language and software environment for data analysis and statistical computing. 

Other programming languages such as Java, C++, and Python can also be used to extract data 

from PDFs but additional libraries are needed in order to perform data extraction. If a user is 

programming in Java to extract PDF data, the PDFBox library may be a necessary tool in 

order to access an uploaded PDF. There are other libraries such as JPedal that specialize in 

viewing, searching, and extracting data out of files [13]. 

 

V. Results  

Extraction consisted of tables within PDF files, so converting the tables out of PDF format into an 

Excel spreadsheet format was an important step. The European Creep Collaborative Committee 

(ECCC) had quite a few data sets available for austenitic steels, low alloy ferritic steels, and high alloy 

ferritic steels such as Cast Steel 91.  The data details the materials tested and the specified ranges of 

their composed weight percentages in the alloy.  Product, heat treatment, and tensile properties are 

also measured. 

 

Figure 2: Cast Steel-91(9Cr-1Mo-V-Nb) data in creep rupture condition 

 

 
 

 

Figure 3: Extraction from Cast Steel-91 data to Excel spreadsheet using Tabula and 

OCR 
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The literature search presented a large amount of publications which all included a good 

number of graphs of data from their experiments, but the focus was on the chemical 

composition tables and how to take only those tables out of documents. When using Tabula, 

we can upload a published document and have tables auto-detected. When a user selects a 

table, the data is next converted to a table format as shown in Figures 4 and 5. 

 

Figure 4: View of tables page by page allowing user to select tables desired to be 

extracted 

 

 
 

 

Figure 5: Output of Excel formatted table is shown with options to copy or download 

table 
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Data also may come in the form of pictures and images, which was the case when working 

with the NIMS database.  These data sheets consisted of details for the chemical composition, 

and creep/fatigue testing under various temperatures.  Creep testing measures the tendency of 

a material after being in high levels of temperatures and stress, which causes change in form 

over time, while fatigue testing is based on how a material cracks or fails as a result of 

repeated cycles of stress. OCR uses these images and converts them to the best possible 

solutions for extracting tables out of images. Figure 6 shows a table image of 9Cr-2Mo data 

from fatigue testing and Figure 7 shows the output of its conversion into Excel.  

 

Figure 6: Image data from a 9Cr-2Mo steel tested at 550°C for fatigue testing 

 

 
 

Figure 7: Output conversion of 9Cr-2Mo image data into an Excel spreadsheet 
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The output conversion did a decent job of extracting the table for 9Cr-2Mo. Depending on the pixel 

quality of the image, OCR may struggle to convert some letters and numbers to the desired language 

but the goal is to get the best output possible. However, the conversion didn’t go well for 9Cr-1Mo. 

The errors can attest to OCR not being very good at recognizing Greek letters when converting to 

English, so in the algorithm whichever letter symbolizes the character will get chosen.   

 

VI. Discussion 

Learning from the datasets available on steel alloys helps NETL to charter new territory in analyzing 

materials and improving predictive capabilities.  New predictive materials performance models can be 

developed and the existing models can be refined and validated via data mining by using scalable 

information retrieval algorithms [14].  This work has focused primarily on data extraction methods 

because that has been essential in the beginning stages of this research and will provide the 

methodology for data analytics which has been slated for future research. However, with our tools 

contained in the developed methodology, it is possible in the future to improve the fidelity of existing 

information while exposing gaps in data that can be selectively addressed.  

 

VII. Conclusion 

This work focused on the development of a methodology to identify data on alloy steels that can be 

extracted and formatted to use for predictive analytics to observe how factors in alloy development 

affect its evolution and performance in hours under simulated service testing. The factors that were 

taken into account such as: composition, welding, processing, microstructure, and testing performance 

helped immensely in determining what to look for in the datasets. These factors helped in locating for 

temperature normalization, observing creep rupture and fatigue properties, determining what 

temperature and how much time was used for heat treatment and welding before and after testing, 

recognizing tensile strain rates, sample sizes, and weight percentages that attributed to how much of 

each element is in an alloy.   
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Abstract  

When an electric motor is driven by a variable frequency drive, electric power delivered to the motor 

is regenerated while the motor decelerates by applying negative torque to the motor shaft. Usually 

energy storage capacity inside the inverter is very limited so regenerative energy should be returned to 

the grid (ac/dc regenerative converter) or quickly dissipated by a braking resistor (ac/dc regenerative 

inverter with dynamic braking). In this paper, it shows the cost-effective energy regeneration method 

that the over-voltage developed at the proposed generable condition and the conventional 

regeneration condition is used to supply the effective regenerative power to the external load through 

dc/dc converter.  

 

Keywords Energy Regeneration, Energy Saving, DC/DC converter 

 

1. Introduction 

 

Regeneration occurs in an AC variable frequency drive system when the load overhauls the motor. 

This can occur when trying to decelerate the load, or when some external force causes the motor to 

overhaul, causing the motor to act like a generator. The energy contained in the rotating equipment 

flows into the drive, and is manifested as increased DC bus voltage in the inverter.  

 

This “over voltage” is traditionally wasted as heat by means of dynamic braking resistors or delivered 

to fixed frequency power grid using regenerative converter unit. With rising electric power costs and 

increasing “green” awareness, there is an increasing demand for a way to recover that wasted energy.  

 

Energy costs and environmental concerns are placing greater importance on variable frequency drive 

systems in general. The importance of options for increased energy efficiency and over voltage 

recovery is increasing as well. The potential for recovery of energy from existing and new drive 

systems is vast, and provides the dual benefit of conserving energy and reducing environmental impact 

in a wide array of applications.  

 

A means to handle regenerative energy is critical to dynamic acceleration and deceleration system. 

Such devices must act as a high voltage clamp to siphon off and dissipate the energy induced from the 

rotating system. Without such means, the drive would trip off line or not stop the equipment in the 

desired time.  

 

In general, there are two methods to deal with energy regeneration.  
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(1) Dynamic braking (DB) is typically used for applications that require frequent or rapid braking, 

especially of high inertia loads. However, many such applications could also be candidates for 

regenerative converters. But the waste heat generated by DB often creates the need for additional 

cooling and air-conditioning.  

 

(2) A regenerative unit will save the extra energy and cost by eliminating that waste heat and returning 

the energy back to the AC line. However, the conventional regenerative converter has the feature that 

the regeneration mode starts when the over voltage is met to the regeneration voltage level that 

depends on the system, for example about 365V in case of the inverter with 220V input power. 

Therefore there in no action of saving under the regeneration voltage level.  

 

 
(a) dynamic braking                         (b) regenerative converter 

Fig 1. Conventional regeneration energy flow 

 

In this paper, it is proposed the cost-effective energy regeneration scheme that can expand the 

regeneration sector and also eliminate DB from the system. This method uses the extra voltage 

between the regulated charging voltage from the AC line and the any voltage levels at regeneration 

condition to deliver the regenerative power to the external low 24V dc power using the dc/dc converter 

instead of adapting electric components for returning the energy back to the AC line.    

 

 
 

Fig 2. Proposed regeneration energy flow 

 

2. Proposed regeneration method 
 

Figure 3 shows the concept of the regeneration conditions: proposed- and conventional section.  

Especially, the proposed section is the region that there is no regeneration under the conventional 
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operation. Because the extra voltage due to motor deceleration is under the limit value for protecting 

capacitor, that is, no over-charge condition. In addition, the extra voltage is absorbed to the motor 

driving power at the next motoring period. But the extra driving power due to the extra voltage is too 

small to contribute to the motor performance.  

 
Fig 3. Concept of the proposed regeneration section 

 

As mentioned above, although the extra voltage in the proposed section don’t affect the durability of 

electric components for energy storage and don’t help the performance of motor driving, it has 

regenerable power enough to supply control power for peripheral devices, cooling fan driving, battery 

charging etc. in small inverter with DB.   

 

In Fig.3, the extra voltage between the regulated charging voltage and the base voltage at the 

conventional regeneration condition can be considered to the expandable regeneration start voltage.    

Therefore the regenerative section can be expanded. Especially the small inverter with DB can be 

effective because it has no converter unit for delivering regenerative energy to grid due to high cost.  

 

In order to experiment, the 700[W] servo motor and inverter with load condition are operated under 

the condition of the periodic acceleration and deceleration : from 0[rpm] to 5,000[rpm] and on the 

contrary.  

 

The result of an experiment shows that through the proposed regeneration section it can supply the 

continuous power to the external load. Fig. 4 shows a holding time of the regenerative power from the 

over voltage in dc bus line according to the load power. Therefore this regenerative power is prefer to 

the auxiliary power in the system because of depending on the motor dynamics.  

However, the total developed regenerative power is calculated by 45.6 kW on a day work time, 8 

hours and under the condition of the external continuous load, 19[W]. As a result, the effectiveness of 

energy saving is proved.    

 

[time, sec] 
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                                             [load power, W] 

Fig 4. Holding time of the regenerative power vs. the load power 

 

 

 
Fig 5. Experimental setup  
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Abstract 

Due to the abundance of solar radiation and high demand for space air conditioning during summer 

in hot areas, the use of solar energy to drive cooling systems becomes attractive. Solar cooling is a 

promising approach to reduce the energy consumption and negative environmental impact of 

buildings. Solar air conditioning systems have used different types of collectors to drive chillers. In 

this paper, a salinity gradient solar pond is suggested as a solar collector to drive an absorption 

chiller, to produce cool air for a house during hot and dry weather. A coupled simulation between 

MATLAB and TRNSYS has been used to solve the problem. MATLAB code was written to solve the 

governing equations for the salinity gradient solar pond and the ground underneath it. TRNSYS 

software was used to model the solar air conditioning system including the absorption chiller and 

building. The solar pond location was in Baghdad, Iraq. It was found that the salinity gradient solar 

pond could be used to drive the absorption chiller and provide cool air for a single family house 

during the summer period. Different solar pond areas were tested. It was found that a salinity gradient 

solar pond area of 400 m2 was required to provide satisfactory cooling for a non-insulated house with 

a floor area of about 125 m2 with keeping building air temperature below 26 °C. 
 
 
Keywords: Salinity gradient solar pond; solar cooling; solar thermal energy; TRNSYS simulation. 

Introduction 

Air conditioning of residential and commercial buildings is essential in hot and dry weather such as 

in the Middle East. A common solution to provide thermal comfort is a conventional air conditioning 

system using electricity from power stations burning fossil fuel. The electricity consumption for air 

conditioning in Saudi Arabia exceeds 70% of the electricity consumption during the summer months 

(Al-Mogbel et al., 2013).The financial and environmental cost of this makes renewable energy sources 

attractive for buildings. 

 

Nomenclature                                                                                                           Greek letters 

Cp specific heat capacity for brine (J/kg °C)                                                 𝜃𝑟       angles of refraction 

Cpg specific heat capacity for soil (J/kg °C)                                                  𝜌      brine density (kg/m3)                                      

E rate of solar irradiance absorption per unit volume of water (W/m3)      𝜌𝑔      soil density (kg/m3) 

Ho  insolation incident on horizontal surface (W/m2) 

Hx incoming radiation flux at depth x (W/m2) 

Hb incoming radiation flux at bottom of the pond (W/m2) 

h convection heat transfer coefficient for LCZ (W/m2 °C) 

k thermal conductivity (W/m °C) 

kg soil thermal conductivity (W/m °C) 

Lg depth of water table (m)   

LCZ Lower Convective Zone 
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NCZ Non-Convective Zone     

T  temperature (°C)  

Tb  temperature at the bottom (°C) 

Tg ground or soil temperature (°C) 

UCZ Upper Convective Zone 

x distance from the surface of the solar pond (m) 

X layer thickness (m) 

 

One of the possible options is to use solar thermal energy to drive an absorption chiller. Different 

types of solar thermal collectors have been used in such solar cooling system, such as: flat plate solar 

collector and evacuated tube collectors. (Sarbu, 2013) 

A salinity gradient solar pond has also been suggested as a combined collector and heat store to 

drive an absorption chiller. As well as cooling of buildings, solar pond technology has various other 

applications such as industrial process heating, heating of buildings, refrigeration, desalination and salt 

production, and power generation. 

A solar pond is a large artificial body of liquid (usually water) that collects and stores solar thermal 

energy. The solar radiation landing on the surface of the pond penetrates the liquid and falls on the 

blackened bottom which is thereby heated. If the liquid is homogeneous, then convection currents will 

be set up, and the heated liquid will travel towards the surface and dissipate its heat to the atmosphere. 

In a salinity gradient, solar pond these convection currents are prevented by having a concentration 

gradient of salt, the concentration and solution density being highest at the bottom and lowest at the 

top. Typically ponds are composed of three zones as shown in Figure 1. The topmost zone is the 

Upper Convective Zone (UCZ), which has low salt concentration. The middle zone is the Non-

Convective Zone (NCZ) or insulation layer, which has salt concentration increasing with depth. Water 

in the NCZ does not rise if it is hotter than the water immediately above because the water above has a 

lower salt concentration and is, therefore, less dense. Similarly, water in the NCZ does not fall if is 

cooler than the water immediately below, because the water below has a higher salt content and is, 

therefore, denser. Thus, convection motions are hindered and upwards heat transfer from the lowest 

zone, the Lower Convective Zone (LCZ), is only by conduction. Heat may be extracted from the LCZ 

to drive an absorption chiller. The other main components of the solar cooling system are a cooling 

tower to reject heat to the ambient, a fan and cooling coil for distributing cool air inside the building, a 

heat exchanger between the solar pond and the chiller, pumps, and controls. 

Weinberger (1964) studied the thermal energy balance for a large solar pond in 1964. Rabl and 

Nielsen (1975) developed the model of Weinberger with a two-zone pond. Hull (1980), Rubin et al. 

(1984), and Kurt et al. (2006) used a finite difference method to solve the partial differential energy 

equation for the solar pond. The thermal performance of solar pond can be significantly affected by 

heat loss through the bottom. Saxena et al. (2009) investigated the effect of water table depth on solar 

pond thermal performance. Simulation analysis indicates that deeper the water table, the lower the heat 

losses and the higher the temperature achieved by the pond. Ranjan and Kaushik (2014) mention some 

instances of utilization of solar ponds for refrigeration and air-conditioning. Tsilingiris (1991; 1992) 

investigated the possibility of using solar ponds as low-cost solar collectors combined with an 

absorption chiller in a large scale solar cooling system. The analysis is based on the combination of a 



Presentations of EngTech2016 (978-0-9951985-5-5) 

53 
 

steady state solar pond mathematical model with operational characteristics of a commercial 

absorption chiller. 

 In the current paper, a coupled simulation between a transient model of the solar pond and the 

ground in MATLAB and of the chiller, air conditioning and building in TRNSYS is used to investigate 

the performance of the complete system. 

Mathematical Modelling  

2.1Solar pond and ground model 

 The simulation model is one-dimensional and is modified from (Saxena et al., 2009), (Kanan et al., 

2014). The vertical coordinate (x) is measured as a positive downward, and x = 0 at the surface of the 

pond as shown in Figure 1. The heat flow equation for the solar pond is given by Eq. (1). (Rubin et al. 

1984)   

𝜌𝐶𝑝 (
𝜕𝑇

𝜕𝑡
) = 𝑘 (

𝜕2𝑇

𝜕𝑥2) + 𝐸(𝑥, 𝑡)                                                                                                              (1) 

 

The rate of solar energy absorption by the fluid per unit volume can be expressed by Eq. (2). 

 𝐸 = −
𝜕𝐻(𝑥, 𝑡)

𝜕𝑥
                                                                                                                                          (2) 

 

The solar radiation penetrating the water decays exponentially with depth and is given by Eq. (3). 

(Bryant, and Colbeck, 1977) 

 
𝐻𝑥

𝐻𝑜
= {0.36 − 0.08ln (

𝑥

cos 𝜃𝑟
) }                                                                                                             (3) 

 

The heat flow equation through the soil underneath the solar pond is given by Eq. (4). (Sodha et al., 

1981)  

 

𝜌𝑔𝐶𝑝𝑔 
(

𝜕𝑇𝑔

𝜕𝑡
) = 𝑘𝑔 (

𝜕2𝑇𝑔

𝜕𝑥𝑔
2 )                                                                                                                     (4) 

 

Assuming no insulation between the pond and the soil, the heat transfer equation between the bottom 

of the solar pond and soil is given by Eq. (5). (Sodha et al., 1981)  

 

𝑘𝑔 (
𝜕𝑇𝑏

𝜕𝑥𝑔
) + ℎ(𝑇𝑏 − 𝑇𝐿𝐶𝑍) = 𝐻𝑏                                                                                                              (5) 

 

MATLAB code is used to solve the governing equations of heat transfer for the solar pond and 

ground underneath, using an explicit finite difference method. The most significant output from the 

code is the LCZ temperature, as this is used to drive the absorption chiller. 
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Fig.1. Solar pond and ground model                                           Fig. 2. TRNSYS model 

 

2.2 System description   

The complete simulated solar cooling system consisted of a single effect vapour absorption chiller 

with rated capacity of 7 TR and based on Yazaki manufacturer data, thermally powered by the salinity 

gradient solar pond. Chilled water is passed through a cooling coil, and the cool air distributed by a fan 

to a 125 m2 single family house in Baghdad, Iraq (33.32° N, 44.42° E), based on a typical house.  The 

heat rejected from the chiller is dissipated to the environment by a wet cooling tower. Pumps are used 

to regulate the flow rate, and a controller provides automatic operation of the system. Real component 

data is used in the simulation. The MATLAB code for the pond and soil are called by TRNSYS 

(Klein, et al., 2010) using the Type 155 component as shown in Figure 2. 

Different solar pond areas were tested with the same chiller capacity, house, and other components.  

For each pond area, the simulation was run for two years to allow the system to approach its long-term 

performance.  

 
3. Results and Discussion 
 

Figure 3 shows the chilled water outlet temperature for different solar pond areas for two years 

simulation time. With 250 m2 pond area, the chilled water outlet temperature does not stabilise at the 

set point (7°C) even in the second year.  With 400 m2 or more pond area, the chilled water outlet 

temperature stabilises at the 7°C set point temperature by the end of the first summer and during the 



Presentations of EngTech2016 (978-0-9951985-5-5) 

55 
 

second summer. 400 m2 is therefore suggested as a suitable pond area for this 125 m2 single family 

house. 

 

  
      250 m2      400 m2 

 

 

 

 
     375 m2                                                                                                                                           500 m2 

 
Fig. 3. Chilled water outlet temperature with different pond area 

 
Figure 4 shows hot water inlet temperature to the absorption chiller with various solar pond areas. It 

can be seen that the larger the solar pond area, the higher the temperature achieved for the same 

amount of heat extracted from pond. Comparing Figures 3 and 4, it is found that when the hot water 

inlet temperature is 70°C or higher, then the absorption chiller works normally and the chilled water 

outlet temperature is close to the set point temperature, with keeping building air temperature below 

26 °C. 

 

  
         250 m2      400 m2 
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                                                375 m2                                                                                       500 m2 

 
Fig.4. Hot water inlet temperature with different pond area 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig.5. Building air temperature during two years simulation period for 400m2 solar pond area 

  
After selecting a 400 m2 as a design solar pond area to drive the absorption chiller to produce a cool 

air for a building. It was found that the building air temperature during two years simulation period 

does not exceed a 26 °C which is close to the recommended temperature for thermal comfort in hot 

regions. 

4. Conclusions 

A coupled simulation between MATLAB and TRNSYS has been used to develop a model for a 

solar pond and cooling system. It was found that the salinity gradient solar pond could be used to drive 

an absorption chiller and produce cool air for a single family house during the summer period in Iraq. 

Different solar pond areas were tested with the same chiller capacity. It was found that a solar pond 

area of approximately 400 m2 was required to provide satisfactory cooling for a typical new house 

with a floor area of about 125 m2 with keeping building air temperature below 26 °C. A hot water inlet 

temperature of 70°C or higher made the absorption chiller work at its design condition. 
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Abstract 

The world as seen through the past years, many of the technological revolutions concurrent resulting 

in a narrowing of the gap between the many disciplines that were far apart in the past, Quest for a 

material to suit the service performance is almost as old as the human civilization. And the net for this 

combination between different scientific specializations has been the discovery of a new type of 

technological advanced  materials, those  enabling technology to  build , repair or reconfigure 

components layer by layer or even pixel by pixel with appropriate materials  , enables better 

dimension and thermal cycle control  to match the performance will enhance the productivity and thus 

reduce energy consumption , Presents a new vision of communication between the internal space and 

surrounding environmental by using technology of  developed materials through the study of addition 

new procedures for  advanced materials in outer and internal vacuum To activate that vision, the 

researcher provide a range of ideas for different types of advanced materials such as : Hybrid 

materials , Recyclable materials , Smart materials , Eco-friendly materials and Nano materials , in an 

attempt to develop sustainability design solutions for vacuum in several aspects as  technology, social 

and economic, Where it was concluded that the use of technology developed materials in architecture 

and internal space represents one of the greatest challenges faced by the designers profession today. 
 

 Keywords: Technology, Advanced Materials, Sustainability  
 

Introduction 

The research highlights an extraordinary amount of interest in smart materials and nanomaterials, 

which now are familiar not only to scientists, engineers, architects, and interior designers but also to 

the general public. Smart materials and Nanomaterials have been developed as a consequence of truly 

significant recent advances in the material science community. In turn, their use is expected to have 

enormous consequences on the design and engineering of everything. Hopes exist for being able to 

make things smaller, lighter, or work better than is possible with conventional materials. Serious 

problems facing society might also be positively addressed via the use of smart materials and 

nanomaterials. The research is divided into three parts which review this issue as follows: The first 

part …Discusses Sustainability science with an overview of the dimensions of Sustainable 

Environmental Architecture (Environmental- Economic - Social dimensions), Second … Types and 

technology of advanced materials, Third … Role of advanced material in architecture and interior 

design that opens new possibilities in designs sustainability. 
  
First... Sustainability  

Sustainability is a pattern of resource use that aims to meet human needs while preserving the 

environment so that these needs can be met not only in the present, but also for future generations. The 

field of sustainable development can be conceptually divided into three constituents: - Environmental, 

Economic and Social Sustainability. First... The Environmental dimension deals with important issues 

as Climate change, Energy, Depletion of Natural Resources, Scarcity of resources, Environmental 

degradation and Pollution. Second… Economic dimension which deals with issues like reduced 

energy and raw material input. Third … Social dimension which involves health, safety,1 

                                                           
1 Daniel E. Williams, 2008, Sustainable Design, Ecology, Architecture, and planning, FAIA. 
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Overpopulation, and Human relationship to nature2, all three constituents are very interested in the 

study of advanced materials.  
 

Meaning of advanced Materials 

Advanced materials intended results and data continuing scientific research in the development of 

materials are including contained aspects of the theory, practical and philosophical. or they are the 

product of the development of advanced materials to be new alternatives to the materials used 

previously, Each age of advanced technological attributes are reflected on the nature of the materials 

which helps the designer in achieving the overall creative vision through the realization of the nature 

of Material with which to be able to adapt the capabilities in designing high-value business. 
 

Advanced Materials and its role in enriching the ideology of design 
Materials are considered of the most important elements necessary to translate the thought of designer 

and transferred from the theory part into practice part, so designer should be fully aware of the 

advanced materials, which are increasing day after day. Designers must study capabilities fine, 

functional and aesthetic to be able to choose the right materials for the implementation of design. 

Without the new follow-up in the world of advanced materials, the designer is risking his time because 

it would take too long in the intellectual output of the design phase and the selection theoretical of 

advanced materials and then collide when implementation inability of selected raw materials to absorb 

aspects Fine Design and although the raw materials in the often imposes her character on the design 

work, but it does not become irrelevant and represent the special idea of any objective of the product 

and is characterized by the attributes associated with content, while material represent the mediator 

who carries the idea and embodied in a realistic way into existence, and the technical reflects 

technology or group of methods followed in the execution. Fig (1) 
 

                   
Fig (1) Material is the mediator which transmits the design thought and embodied into existence. 

Criteria of designer for selection advanced materials: 

 

1-Functional Standards… Such as health, security and comfort for humans. 

2-Environmental Standards... Advanced materials must be availability of the following: 

• Not be the material of the high consumption of energy, both in the manufacturing and installation 

phase or even maintenance. 

• Not contribute to the increase of internal contamination of the building. 

3-Economic criteria 

4-Aesthetic standards3  

We will discuss sustainability through technology selection of advanced materials stand on how to 

achieve the maximum benefit in the design through the study of materials (recycling , smart , hybrid 

and Nano materials ) in staggered manner because sometimes difficult to unplug or classify them 

according to their characteristics, We will discuss in the next lines synopsis of each of them….. 
 

- Recycled Materials: 
 Some sustainable architecture incorporates the use of recycled materials as reclaimed lumber. The 

reduction in use of advanced materials creates a corresponding reduction in embodied energy. Often 

sustainable architects attempt to retro-fit old structures to serve new needs. 

- Smart materials : 

                                                           
2 Nanomaterials, nanotechnologies and Design: by Daniel L. Schodek (2009) 
3 http://en.wikipedia.org/wiki/Sustainable_architecture Retrieved on: 2008. 

Idea Materials Technology Design
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-Materials which react to its environment all by itself- The change is inherent to the material and not a 

result of some electronics. The reaction may exhibit itself as a change in volume or in color or in 

viscosity and this may occur in response to a change in temperature, stress, electrical current, or 

magnetic field.  In many cases this reaction is reversible.4 
 

- Tech of Smart materials : Smart technology include materials and compounds system is limited to 

the basic components of these materials and compounds in the four basic elements lies in the 

following:  

1- Data Acquisition: This component collects data from the data, and this needs to be systems and 

sensors  

designed according to the nature of the activity it (radiation, magnetic, thermal), they are enjoying 

very sensitive as it can detect any small difference and so works well. 

2- Data Transmission: This part sends the data to the console, centralized control and then to work 

tools. 

3- Command & Control Unit: have a responsibility to perform two main functions, namely: - 

)A) post processing: - The reception of information and sorted, arranged and classified and storage, all 

previous operations to deal with the central console without human intervention or interaction. 

(B) Analysis function: - where a detailed examination of the data intelligently and analysis includes 

GPS that happens it changes, and send the work and that causes the response to external influences 

decisions. 

4- Data Acquisition: take action based on the decisions and commands sent to it from the central 

control unit for controlling the units according to the nature of the desired operation (optical, 

magnetic, thermal ...). 
 

- Hybrid materials  
Obtained through interaction of chemically different constituents (components);usually organic and 

inorganic, which form a specific (crystal, spatial) structure that is different from the structures of initial 

reagents, but often inherits certain motifs and functions of the original structures. They are also used in 

the manufacture of hetero-surface sorbents for chromatography, sensors, heterogeneous catalysts, 
magnetic, substrates for immobilization of enzymes, and sorbents of heavy metals and organic 

pollutants.5 
 

- Nano materials  
Nano.. The term Nano derives from the Greek word for dwarf. It is used as a prefix for any unit such 

as a second or a meter, and it means a billionth of that unit. Hence, a nanometer (nm) is a billionth of a 

meter. 

Tech of Nano materials... Nanotechnology is the use of very small pieces of material by themselves 

or their manipulation to create new large scale materials. Nanotechnology is an enabling technology 

that allows us to develop materials with improved or totally new properties. Nanotechnology is being 

used in several applications to improve the environment, this includes cleaning up existing pollution, 

improving manufacturing methods to reduce the generation of new pollution, and making alternative 

energy sources more cost effective. Nano materials will bring benefits throughout society and its 

activities6 

Nano materials are a field which takes a materials science-based approach to nanotechnology. It 

studies materials with morphological features on the nanoscale and especially those which have 

special properties stemming from their nanoscale dimensions. Nanoscale is usually defined as smaller 

than one tenth of micrometer in at least one dimension, though this term is sometimes used for 

                                                           
4 axel Ritter , ٢٠٠٧,"smart materials in architecture, interior architecture and design ", Publisher Burkhouse Basel 
5 Peter Ghela,2015, Homogeneous Polymeric Hybrid Materials with ZnO Quantum Dots and PMMA 
6 Prof. Peter Droege, 2010, Climate Design. Design and planning for the age of climate change.Ecologecal Architecture. 

http://eng.thesaurus.rusnano.com/wiki/article1705
http://eng.thesaurus.rusnano.com/wiki/article703
http://eng.thesaurus.rusnano.com/wiki/article1865
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materials smaller than one micrometer, Currently, the most typical way of classifying Nano materials 

is to identify them according to their number of dimensions, which are not confined to the nanoscale 

range as.. Zero-dimensional, One-dimensional, Two-dimensional, Three-dimensional  

 

                           
   

                                                                              

.                                                                                 

                                                                                                                                                         
Fig (2) Classification of Nano materials according to their number of dimensions 

 

All kinds of advanced materials allow for the development of new materials that will revolutionize 

how buildings work. It is important for architects and interior designer to understand some 

fundamentals about how technology of advanced materials can change materials and their 

behaviors. As smart materials gain greater ability to interact and change properties, it will be up to 

architects to design for their meaningful integration into our built environments7.  By merging both 

advanced materials technology and architecture, the advent of their technology will give 

architects and designers renewed freedoms that we don’t experience today. The market for green 

building materials and technologies will of course be determined more by market pull the needs of 

architects, owners and contractors--than by the technological push of advanced materials discovered 

and developed in the laboratory. But the convergence of green building demands and green advanced 

materials technology capabilities over the next 5-10 years appears very strong. It suggests some 

categories of advanced materials technology for green building as 8 (Insulation, Coatings, Solar 

energy, Lighting, Air filtration, Water filtration, Structural materials, Non-structural materials)  

 

i. Insulation advanced materials …. (Tech: Nano , smart, hybrid)  Nano gel is a brand of aerogel 

insulation mainly used in building products and oil and gas industries. It is sometimes called "frozen 

smoke". It is made by Cabot Corporation, Some products may perform similarly in one area of 

performance, but Nano gel has all of the following characteristics:  
1. High light transmission – 75% per cm                2. Low thermal conductivity – R-value of 8/inch  

3. Reduced solar heat gain                                       4. Sound attenuation – reduces transmitted noise 

5. Permanence – resists color change, mold and mildew, and performance degradation  

6.  Aesthetically appealing. Architectural freedom UV resistant (no discoloration) 

 

When incorporated into the following systems, in both roofs and facades, Nano gel offers architects 

and building owners a multitude of design benefits.9(Curtainwall, translucent panels, Window ,…) 

                                                           
7 ) http://sensingarchitecture.com/1347/the-future-of-architecture-with-nanotechnology-video/ 
8 Nanotechnology for Green Building: by Dr. George Elvin (2009) 
9 Daylighting systems http://www.cabot-corp.com/Aerogel/Daylighting 2011 
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Fig (3) Nanogel aerogel is a lightweight                         Fig (4) Nano film control of heat and energy loads in building      

 

ii. Coatings advanced materials …. (Tech : Nano , smart, hybrid) Coatings are an area of significant 

research in nanotechnology and its work is being carried out on concrete and glass as well as steel 

coatings nanoparticles can achieve a wide variety of other performance characteristics, including: 
1. Self-cleaning (lotus effect)          2. Self-cleaning (photocatalytic)        3. Easy to clean coating 

 4. Anti-fingerprint.                         5. Anti-staining coating                      6. Anti-fogging coating 

 7. Anti-graffiti coating                       8. Anti-scratch coating                           9. Anti-reflective coating 

10. UV Protection& air purification                                                                 11. Anti-bacterial10     

            

 

 

 

 

 

Types of nanoparticle coatings: 

1. Self-cleaning (photocatalytic): surfaces have become a reality thanks to photocatalytic coatings 

containing titanium dioxide (TiO2) nanoparticles. Today’s self-cleaning surfaces are made by applying 

a Thin Nano coating film, painting a Nano coating on, or integrating nanoparticles into the surface 

layer of a substrate material 11. 

     2. Self-cleaning "Lotus-Effect": created with the help of nanotechnology, The Lotus-Effect is 

most well suited for surfaces that are regularly exposed to sufficient quantities of water, e.g. 

rainwater. The Lotus- Effect drastically reduces the cleaning requirement and surfaces that are 

regularly exposed to water remain clean. The advantages are self-evident: a cleaner appearance and 

considerably reduced maintenance demands  

                                

 
Fig (  6 ) Photocatalytic can aid in self-cleaning and antibacterial                Fig ( 7 )  principle of the Lotus-Effect works 

activity and in the reduction of pollutants in the air  

                                                           
10 Nano Materials in architecture, Interior architecture and Design Leydecker, Sylvia (2008) 
11 Nanomaterials, nanotechnologies and Design: by Daniel L. Schodek (2009) 
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iii. Lighting advanced materials ... (Tech: Nano, smart, hybrid) - Light-emitting diodes 

(LEDs): A diode is a device made from two different conducting materials that allows current to flow 

in only one direction. When electricity is passed through the diode, the atoms in one material are 

excited to a higher energy level, uses hydroponic techniques with Nano LED and Nano solar cell 

technology.  . Organic Light-emitting diodes (OLEDs): Large-area OLEDs are a novel kind of light 

source, which offer a large variety of design options. This does not only flourish free design 

parameters such as shape, size and emission color,.12 

 

        
      
Fig ( 8  ) are highly efficient, long-lived natural light sources that can be integrated d into extremely thin, 

flexible panels …Demonstration of a flexible OLED device And color . ….hexagonal (middle), and ornamental-type 

OLED tiles 
 

iv. Solar energy advanced materials …(Tech: Nano , smart, hybrid, genetic)   In silicon solar cells 

today, 40% of the cost is materials, and the best studies I’ve seen say that in 5 years that will be 

reduced to 30%. When you’re looking at thin-film solar using nanotechnology, the cost of goods 

might be 1% or 1.5%  

 

    
  
Fig (9) "Thin-film solar" sheet Organic thin fil                    Fig (10)   Solar cell used in the base 

 

v. Energy storage advanced materials … Improved energy storage can reduce our dependence on 

fossil fuels, lowering carbon dioxide emissions from energy production nanotechnology for energy 

savings will play a much greater role in future markets than nanotech for energy storage.13 

Nano-cell technology will be integrated to the exterior skin of the building, providing a portion of the 

energy to run the elevator systems, HVACs systems and electrical systems. Nano cell technology is a 

thin photovoltaic film bonded to metal surfaces. Heat sensitive glass reacts to the sun position and 

controls the heat gain in the glassed surfaces. Water management features will reuse grey water for 

irrigation and provide water for the HVACs systems. 14 

 

vi. Air purification advanced materials … - Indoor air quality: Nanotechnology is 

contributing to indoor air quality on all of these fronts. Samsung Electronics 

                                                           
12 http://www.yatzer.com/1095_off_the_gridsustainable_habitat_2020 
13 Peter Gevorkian, 2010, Alternative Energy Systems in Building Design. 
14 http://www.ecofriend.com/entry/eco-architecture-utopia-one-sustainable-example-ofmodern-architecture  

http://www.yatzer.com/1095_off_the_gridsustainable_habitat_2020
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- Outdoor Air Purification: As with indoor air environments, outdoor air purification applications 

are only a supporting measure for tackling symptoms and are an adequate means of reducing existing 

pollution. 

 
 
Fig (11) The new skin acts like a membrane which absorbs air, water and light from the outside and it brings it 

into the interior. 

  

vii. Structural advanced materials : 

 

A. Concrete advanced material ….(Tech: Nano , smart, hybrid) 

Self-cleaning.. Made of prefabricated high-density concrete, their white color is achieved by adding 

Carrara marble and TiO2 to the mixture. The photocatalytic self-cleaning additive enables the architect 

to achieve his trademark white coloring in an urban environment that is heavily polluted by car 

exhaust gases. The building not only remains clean, the large surface area of the sails also helps 

combat pollution by reducing the amount of volatile organic compounds (VOCs) and nitrogen oxide in 

the air. 

Self-healing ..Experimentation is also underway on self-healing concrete. When self-healing concrete 

cracks, embedded microcapsules rupture and release a healing agent into the damaged region through 

capillary action. The released healing agent contacts an embedded catalyst, polymerizing to bond the 

crack face closed. They could increase the life of structural components by as much as two or three 

times 15 

 

       
 

Fig (12) Engineering this self-healing composite involves the challenge of combining polymer science, 

experimental and analytical mechanics, and composites processing principle. 

 

B. Steel advanced material …. (Tech: Nano, hybrid) 

 The introduction of new materials with improved technical properties has also led to innovative new 

designs like phase of steel to a Nano size has produced stronger cables. High strength steel cables, as 

well as being used in car tires, are used in bridge construction and in pre-cast concrete tensioning and a 

stronger cable material would reduce the costs and period of construction, Sustainability is also 

enhanced by the use of higher cable strength as this leads to a more efficient use of materials 16– Fig 

(13   )   

                                                           
15 Nanotechnology for Green Building: by Dr. George Elvin (2009)  

 
16 Jeng-Neng Fan , ٢٠٠٣,  " Personalized Furniture within the Condition of Mass Production", Department of Industrial 

Design, National Taiwan University of Science and Technology- 

                                            

http://www.evolo.us/wp-content/uploads/2014/01/England-Hybios-Hybrid-BIOStructures-Rizad-Joucka-Jack-Chandy-Francis-09.jpg


Presentations of EngTech2016 (978-0-9951985-5-5) 

65 
 

C. Wood advanced material ….(Tech:,naao, hybrid) 

Nanocatalysts that induce chemical reactions and make wood even more multifunctional than it is 

today, nanosensors identify mold, decay, and termites, quantum dot fiber tagging, natural nanoparticle 

pesticides and repellents, Fig (14   )   

0                          

 
Fig ( 13  ) steel that can carry bending stresses         Fig ( 14  ) Nano catalysts that induce chemical reactions and            

involving both tension and compressive                          make  wood even more multifunctional than it is today 

D.carbon nanotube – Graphene … (Tech: Nano, hybrid) 

Nanotubes, nanofibers and Nano sheets of carbon and similar materials may eventually form the 

structural skeletons of new buildings .A super-thin nanotube sheet serve as both skin and structure, 

eliminating the need for conventional structural systems altogether  

 

 

 
Fig (15) the floor plan diagrams show the rapidly morphing cross section, programmatic divisions, and vole 

luminous special voids 

viii. Non-structural advanced materials: 

A. Glass …. (Tech: Nano, smart, hybrid)  

Reducing heat loss and heat gain through windows is critical to reducing energy consumption in 

buildings.. Research into Nano technological solutions to this centers around four different strategies 

to block light and heat coming in through windows: 

 

 1. Thin film coatings: are being developed which are spectrally sensitive surface applications for 

window glass. These have the potential to filter out unwanted infrared frequencies of light (which heat 

up a room) and reduce the heat gain in buildings (passive solution) 
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2. Thermochromics technologies: are being studied which react to temperature and provide thermal 

insulation to give protection from heating whilst maintaining adequate lighting. (Active solution)  

 

3. Photochromic: That produces a similar outcome by a different process, involves photochromic 

technologies which are being studied to react to changes in light intensity by increasing absorption.  

 

4. Electrochromic :coatings are being developed to react to changes in applied voltage by using a 

tungsten oxide layer; there by becoming more opaque at the touch of a button reducing undesirable 

effects such as fading, glare, and excessive heat without losing views and connection to the outdoors 17 

 

B. Drywall ….(Tech: Nano , smart, hybrid) 

The average new American home contains more than 7 metric tons of gypsum, making gypsum one of 

the most prevalent materials in construction today. But drywall raises many environmental issues. 

Panels must be dried at 260° C (500º F), making their processing energy consumption a concern. 

Drywall also consumes 100 million metric tons of calcium sulphate, a nonrenewable resource, per 

year. Nano-gypsum could reduce environmental impacts and improve performance. Nanotechnology 

shows promise in the manufacture of lighter yet stronger drywall. ICBM- Innovative Construction and 

Building Materials- have developed a gypsum polymer replacement for gypsum that they say 

significantly improves strength-to weight ratio and mold resistance. Laboratory experiments elsewhere 

on man-sized gypsum show significant improvement in mechanical properties, including an up to 

three times higher hardness of Nano-gypsum as compared to conventional micron-sized gypsum. 

 

Third..  Role of advanced material in architecture and interior design 
Globally, advanced materials are expected to reduce carbon emissions in three main areas:  

1. Transportation. 

2. Improved insulation in residential and commercial buildings 

3. Generation of renewable photovoltaic energy.  

It is worth noting that the last two of these three areas are centered in the building industry, providing 

materials that reduce waste and toxic outputs as well as dependence on non-renewable resources. 

Other products still in development offer even more promise for dramatically improving the 

environmental and energy performance of buildings. Nano-enabled advances for energy conservation 

in architecture include new materials like carbon nanotubes and insulating Nano coatings, as well as 

new processes including photo catalysis. Advanced materials can improve the strength, durability, and 

versatility of structural and non-structural materials, reduce material toxicity, and improve building 

insulation…. 18 

 

 Forces Accelerating Nanotechnology Adoption at the Future in Architecture:  

1. Increasing green building requirements  

2. $4 billion per year in nanotechnology research and development worldwide 

3. Proliferation of nanotechnology products and materials 

4. Demonstrated environmental benefits of nanotechnology products and materials  

5. Declining costs of nanotechnology products and materials. 

 

 Forces with Potential to Slow Adoption at the Future in Architecture: 

 1. Public rejection of nanotechnology 

 2. Construction industry resistance to innovation 

 3. Prolonged high cost of nanomaterials and Nano-products.  

                                                           
17 Nano Materials in architecture, Interior architecture and Design Leydecker, Sylvia (2008) 
18 Dr. George Elvin, 2009, Nanotechnology for Green Building. 



Presentations of EngTech2016 (978-0-9951985-5-5) 

67 
 

 

Results: 

- Advanced materials are an enabling technology that is opening a new world of materials 

functionalities, and performances. But it is also opening new possibilities in construction 

sustainability. 

- The diversity of advanced materials and its features including the ability of the contained 

composition and speed of response to external stimuli helps architects and interior designer to realize 

his vision of design. 

- Advanced materials is source for production of innovative designs through the conscious knowledge 

of its potential and how to adapt and sometimes difficult to unplug or classify them according to 

their characteristics. 

- Nano sensors building components will become smarter, gathering data on temperature, humidity, 

vibration, stress, decay, and a host of other factors.  

- Advanced materials tech. represents a new phase in the evolution of manmade structures. The cost of 

molecular engineering - minus licensing fees, insurance, and business expenses - is comparable to the 

cost of creating plastic or industrial chemicals. The building would be programmed to monitor its 

environment and adjust or alter its design so as to be in symbiotic relationship, with nature 

 

 Recommendations: 
- The need to keep up interest in the study of advanced materials, especially environment-friendly 

materials and takes advantage of them and adapted in the field of interior design and furniture. 

- Recommend academia existence of the decision it aims to train students to blend advanced materials 

with each other to get to the groups of materials compatible with each other and represent a scientific  

-  Encouraging manufacturing of green nanomaterials and products for building like Nano coating, 

Nano solar cells, Nano filters Nano-OLED, insulation nanomaterials…. And make them available for 

consumers and architects. So should be declining their costs and Proliferate them in markets as a 

sustainable products.  

- Encourage research and applications of green advanced materials technologies in many fields and 

encourage its integration in the architecture. And increase awareness of developers and engineers 

about advanced materials benefits in energy, environment, economy and it can helping to achieve 

sustainability principles, which help to save our planet. 
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