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Abstract 
 
In human life, Health is most critical issues in which face challenges in 
protection of individual‘s health information. Diverse health-care institutions 

are established. In manual systems, they face numerous issues such as 

accuracy, data redundancy, safety, timeliness, resource efficiency, and green 

communication of the health records. The prime objective of this study to 
analyze the paper-based patient information computing and communication 

systems using different parameters like safety, timeliness, accuracy, resource 

efficiency, data redundancy, and greenness and then develop a web-based 
system model for end to end process automation over autonomic 

infrastructure. The study surveyed the existing state of the art system through 

a survey questionnaire distributed to selected stakeholders, technical 
observation, and interviews of experts. A web-enabled patient information 

communication and computing system prototype called Green Patient 

Information Computing and Communication System (PICCS) is developed 

and evaluated using a prototype after collection and analysis of primary data. 
The Green PICCS power consumption data is collected using Intel 

Application Energy Toolkit. The study conducted a comparative analysis 

between existing systems and Green PICCS model revealed that safety,  
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timeliness , resource efficiency , accuracy, and data redundancy , and 

greenness are significantly improved. The greenness evaluation is performed 

through 2 factors: ‗green by software‘ and ‗green in software‘—amount of  
CO2 emission generated from power consumption.  The major limitation of 

this research was the data set which was collected from selected healthcare 

centers in a developing country Ethiopia. The research can be scaled up 
towards developing vs. developed countries for better results.  
 

Key words: Power consumption , Healthcare, Patient Information, 

Redundancy, Resource efficiency. 

 

1 Introduction 
 

Health is the most critical issue in human life. To control, protect, and 
avoid humans from health problems with quality services (with technology-

enabled systems) governmental and private health-care institutions such as 

clinics, health centers, and hospitals are established.  According to the US 
Institute of Medicine, quality of service provision is characterized by safety, 

accuracy, efficiency, effectiveness, timeliness; equity, and patient-

centeredness [1]. However, greenness should also be considered as one of the 
indicators of service provision quality to assess the environmental impact of 

healthcare institutions while it provides required services. As global warming 

[2] nowadays becoming a challenge for the world‘s climate change and 

therefore, different countries like Ethiopia are working towards a green 
economy in every aspect of life [3]. It is known that one of the main sources 

of greenhouse gas emissions is from energy consumption by computing 

systems in different sectors including the healthcare sector. For example, the 
energy consumption of Ethiopia since 2014 was 6.7 billion KWh and CO2 

emissions due to the electric consumption were 9.3 million metric ton 

according to the World Factbook [4]. Thus, to reduce this emission greenness 
should be given attention to use green computing systems, i.e. green systems 

and software in our daily life. 

The use of paper-based computation and communication in health-care 

environments has numerous problems. Data redundancy, inaccuracy, 
resource inefficiency, communication delays, most importantly non-green 

services are the most well-known issues and challenges experienced in  
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environments relying on paper-based computing and communications. Due 

to the processing and transmission of written medical papers from one 

department to another with the help of clerks usually named runners.  The 

main objective of this research was to analyze existing paper-based 
computing and communication using selected parameters like safety, data 

redundancy, accuracy, timeliness, resource efficiency, and greenness in 

providing outpatient services in health-care and to design a unified [5, 6] 
green solution-oriented model (afterward called Green PICCS) with selected 

functionalities. The study is important for health organizations to adopt 

technology-enabled and environmentally sound [7] [8] health information 

system. A unified system is not only important for processes automation but 
very compliant for effective management and evaluation of the processes [9]. 

The paper is organized in 7 sections. The first section covers the introduction 

and background knowledge of the domain. The second and third sections 
cover the rigorous review of related research works prior to this study and the 

research methods, methodology, and formulas used for calculation of Co2 

emission and evaluation of the Green PICCS. The fourth, fifth the sixth 
section of this paper is the core and covers the design implementation and 

evaluation of the proposed Green PICCS model. The final i.e. seventh 

section describes the summary and conclusion of the research findings of the 

paper. 

 

2 Related Research Works 
 

Daryl Abel and his team members have developed two android 

appointment managing applications (patient‘s app and doctor‘s app) that help 

care providers and patients to reduce patient waiting times during 
appointments at Fiji healthcare outpatient settings [10]. But the researchers 

haven‘t considered the integration of other departments (actors) for further 

delay reduction. Ethiopian Federal Ministry of Health (FMoH) in 
collaboration with Tulane University Technical Assistance Project in 

Ethiopia (TUTAPE) has started developing a comprehensive electronic 

medical record system named SmartCare for hospitals since 2009 [11] but 
challenged because of the initial stage of automation. SmartCare is a good 

initiative but not capable to generate an individual the report which indicates 

that system requirements specifications (SRS) were not done properly [12]. 

The system also lacks adequate electronic data exchange among other 
departments such as lab, radiology, and referral system [12]. Furthermore, 

the system lacks very important components, patient portal, and billing 

component which plays a great role in reducing patient waiting time during 
the visit. Since the system is installable software this feature reduces its ease 

of accessibility by clients compared to web-based an application which is 

easily accessible through web browsers.  



                                                                                                                  
 

 

 
 

 

 

 
5766 Amsalu Dinote et.al 

 

Another study by Hiwot Araya [13], developed a window-based 

standalone patient record application to be used in the outpatient department 
of Habru woreda health centers. The main focus of this study was to 

automate the outpatient department patient recording activities, patient 

details, diagnosis, HIV test, TB screening, and Clinical Data. However, the 
application missed a very important aspect, information communication, as 

departments in healthcare institutions are interdependent. Hassan 

Mohammed M. Elmetwaly [14], a developed medical information system 
that was aimed to integrate independently running systems such as laboratory 

information system, picture archiving and communication system, radiology 

information system, health information system to exchange medical 

information among users, manage and follow up work data flaws in hospitals 
and clinics but they failed to incorporate the green parameter in services 

which is a very important feature of the proposed research. Also, they didn‘t 

cover the communication among all healthcare units.  Another research 
Malinga Ramadhan B. [15], and his teammates developed and implemented a 

patient information management system for Kampala International 

University Teaching Hospital in Uganda. They conducted pre and post-test 

technique for assessing the effectiveness of the existing system and 
implemented system respectively. They disclosed that the proposed system 

has indicated improved effectiveness. Olusanya Olamide.O and his research 

mates [16] in Nigeria also designed and implemented a standalone desktop 
application named hospital management information system using java that 

handles patient-related information such as personal details, diagnosis data, 

and prescription data. 
The system also helps the users to manage patients. They found that their 

system has supported maximum user expectations and improved response 

time for patient demands. Matthew Fielding, Caroline Ochieng, and Billy 

Odero [17], in rural Kenya, identified that paper forms filing delays, 
unreadable handwriting, and handling paper data are major problems of using 

the paper-based system. Besides, they disclosed that the inability to access 

patients‘ information outside the clinic also hinders follow-up care and 
planning, and may affect patient safety. The authors have built and 

implemented a system that records patient health data electronically and 

makes the data sharable by respective users. To summarize, all reviewed 
works didn‘t consider the most important software quality attribute like the 

greenness which is serious for the environmental impact of software due to 

its power consumption. 
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3 Methodology 
 

3.1 Research Method  
 

To attain the objectives of the study, the quasi-experimental design–a 

pre-test post-test technique and comparative analysis design approach were 
used. The pre-implementation assessment was performed on an existing 

system through a web-based and locally accessible questionnaire with 

selected stakeholders/items provided for selected outpatient staffs of Karat 

District Hospital to identify associated problems. The data were then 
analyzed and the result was presented using SPSS. After problem 

justification, interviews and technical observations were used to gather 

further facts to design and implement a solution model. Finally, a Green 
PICCS prototype for demonstration and validation was developed and 

deployed. It was developed using ASP.NET and MS SQL Server. The Green 

PICCS was then deployed and demonstrated/shown to service providers to 

conduct a post-implementation assessment using the same tool (the 
questionnaire). The greenness evaluation was done using two viewpoints 

‗green by software‘—the amount of CO2 emission generated from paper 

consumption and ‗green in software‘—the amount of CO2 emission 
generated from power consumption. For ‗green by software‘ evaluation 

formulas were set on IPCC guidelines [18] and used (equations 1, 2, and 3). 

For ‗green in software‘ evaluation, Intel Application Energy Toolkit was 
used to gather software power consumption data and the amount of total 

power consumed and then multiplied by the country‘s CO2 emission factor. 

Ethiopia‘s annual CO2 emission factor from grid electricity per kWh was 

0.118948451 in 2011 according to [19] [20], to get the amount of 
CO2 emissions.  

 

3.2 Calculation of Co2 Emission 
 

Finally, a comparative analysis was performed between the analyzed 

results of the existing system and Green PICCS. 
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Where DOC= Degradable organic carbon, DOCi= Fraction of degradable 

organic carbon in waste type i, Wi=Fraction of waste type i by waste 

category, L0= Methane generation potential, MCF=Methane Correction 
Factor, DOCf = Degradable Organic Carbon fraction ultimately degraded, F= 

Fraction of CH4 in generated landfill gas, (16/12)= Molecular weight ratio of 

CH4 to C, Mwaste= Mass of waste deposited in tons(in our case total amount 
of paper consumed), Frec = Landfill CH4 fraction recovered, and OX= 

Oxidation factor. 

 

4 Green PICCS Design 
 

Green PICCS was designed as a prototype i.e. web-based application 
system that integrates selected medical services to overcome the existing 

system problems and improve them. Although the main objective of the 

research study is to improve greenness at the software level (greening Green 
PICCS), physical components such as user clients, servers, and 

communication networks and devices are also recommended to be energy 

efficient so that whole computing and communication system environment 

could be green. It is also in the study that hardware servers, clients, network 
devices should be bought with energy efficiency certificates issued by energy 

efficiency certification agencies like Energy Star and web browsers should 

also, ensure the power optimization modes and options. The Green PICCS 
integrates all selected outpatient components such as administration, patient 

portal, medical record, examination, laboratory, pharmacy, and billing to 

share required patient information stored in the central database. Each 

component of Green PICCS has its functionalities. Figure 1 presents a 
complete Model Design Specifications of Green PICCS and each component 

with its basic functionalities.[21][22][23][24] 

 
Figure 1: Green PICCS Model 
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5 Green PICCS Implementation 
 

The designed model i.e. Green PICCS is transformed into a prototype 
with selected functionalities and implemented using ASP.NET and MS SQL 

Server as a single web application using a central database. Each user of 

Green PICCS has access to the corresponding component based on its 
privileges authorized by the admin and security component of the system. 

When a given user logs in to Green PICCS, the security component checks 

the department of the user and directs to the corresponding department 

interface after successful authentication. Figure 1 shows all Green PICCS 
components‘ interface with all necessary functionalities and normalized 

database tables with relationships.Green PICCS Components‘ interface: 

PICCS-Administration is for medical director, PICCS Patient Portal is for 
patients, PICCS-Medical Record for medical clerks, PICCS-Examination is 

for physicians, PICCS-Laboratory is for lab staffs, PICCS-Pharmacy is for 

pharmacy staffs, PICCS-Billing is for cashiers, PICCS-Login page is for all 

users, and lastly the Green PICCS for all. 
 

6 Evaluation of Green PICCS 
 

 
Figure 2: Safety Characteristics of Existing System and Green PICCS  

 
Figure 3: Timeliness Characteristics of Existing System and Green PICCS 
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Figure 4: Accuracy Characteristics of Existing System and Green PICCS 

 
Figure 5: Data Redundancy Characteristics of Existing System and Green PICCS 

 
Figure 6: Resource Efficiency Characteristics of Existing System and Green PICCS 
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1. Safety evaluation result: The safety assessment between both 

systems was performed using three parameters as shown in Figure 2. 

Concerning safety, the system was assessed using three parameters and an 
average of 5.97% and 84.67%of respondents agreed that the Green PICCS 

and the existing system respectively were unsafe. Hence, Green PICCS is 

safer than the existing paper-based system. 
2. Timeliness Evaluation: The timeliness in service provision was 

assessed using nine parameters as shown in Figure 3, an average of 88.54% 

respondents agreed that an existing system experiences delays, however, only 

3.90% of respondents agreed for Green PICCS 
3. Accuracy Evaluation: Accuracy of the systems was assessed 

using two indicators as shown in Figure 4, and an average of 85.30% of 

respondents agreed that the existing systems are question marked, but, only 
2.70% of respondents agreed that Green PICCS is inaccurate. 

4. Data redundancy evaluation: data redundancy assessment was 

performed using two parameters as shown in Figure 5, in which an average 

of 90.55% of respondents agreed that the existing system is data redundant 
and only 5.40% of respondents agreed that Green PICCS is data redundant. 

5. Resource Efficiency Evaluation: Regarding resource 

efficiency, the evaluation considered thirteen parameters as shown in Figure 

6, and an average of 85.15% of respondents agreed that the existing system is 

a resource inefficient, whereas, only 5.40% of respondents agreed that Green 

PICCS is inefficient. 
 

6.1 Greenness Evaluation 
 

This evaluation was observed, investigated, and analyzed from two 
angles, ‗green by software‘ and ‗green in software‘. In the case of ‗green by 

software,‘ the findings of this study indicated that the existing paper-based 

system has more greenhouse gas emissions (1.984*10-6 CO2e tons) than the 
proposed system (6.831*10-7 CO2e tons). The production of more emissions 

in the paper-based system is due to the higher quantity of paper consumption. 

In contrast, the proposed system consumes only 755.36 kg of papers for 
providing only receipts of consumed services for patients. This is lower than 

the existing system consumes i.e. 1102.42kg. However, there is a patient 

portal to be used by patients to get access to their every necessary record 

including their payment information. The amount of paper consumed for 
receipts can again be reduced for lowering the emission of greenhouse gases. 

Therefore, the proposed system, Green PICCS, promises a new way to 

reduce the paper wastes and the emission of greenhouse gases.The salient 
conditions of power consumptions and annual Co2 emission of the proposed 

Green PICCS are recorded and presented in Table 1.  In the case of ‗green in 

software‘– it is concerned with the power consumed by the Green PICCS, 

under the specific conditions  
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(i.e. sixteen conditions are identified for newly proposed & existing 

patients). Using Intel Application Energy Toolkit, power consumption data 

was collected and presented in Table1. 

 
Table 1: Power Consumption and Annual Co2 Emissions of Green PICCS 

Conditions Components Contacted and their Power Consumption and Annual CO2 Emissions 

 Pati

ent 

Port

al 

(m

Wh

) 

Bill

ing 

(m

Wh

) 

Me

dic

al 

Rec

ord

s  

(m

Wh) 

Ex

am 

ina

tio

n  

(mW

h) 

La

bor

ato

ry  

(mW

h) 

Ph

ar

ma 

cy  

(m

Wh) 

Total 

Powe

r 

Cons

ume

d  

(mW

h) 

Annual 

Power 

Consu

mption 

(KWh) 

Annual 

CO2 

emissions 

due to 

power 

consumpt

ion 

(KgCO2) 

Condition 1 38.4 998.4 134.4 921.6 0 0 2092.8 18.332928 2.180673388 

Condition 2 38.4 998.4 134.4 921.6 614.4 0 2707.2 23.715072 2.82087108 

Condition 3 38.4 998.4 134.4 921.6 0 2054.4 4147.2 36.329472 4.32133442 

Condition 4 38.4 998.4 134.4 921.6 614.4 2054.4 4761.6 41.711616 4.961532112 

Condition 5 0 998.4 134.4 921.6 0 0 2054.4 17.996544 2.140661032 

Condition 6 0 998.4 134.4 921.6 614.4 0 2668.8 23.378688 2.780858724 

Condition 7 0 998.4 134.4 921.6 0 2054.4 4108.8 35.993088 4.281322064 

Condition 8 0 998.4 134.4 921.6 614.4 2054.4 4723.2 41.375232 4.921519756 

Condition 9 38.4 998.4 230.4 921.6 0 0 2188.8 19.173888 2.280704277 

Condition 10 38.4 998.4 230.4 921.6 614.4 0 2803.2 24.556032 2.920901969 

Condition 11 38.4 998.4 230.4 921.6 0 2054.4 4243.2 37.170432 4.421365309 

Condition 12 38.4 998.4 230.4 921.6 614.4 2054.4 4857.6 42.552576 5.061563001 

Condition 13 0 998.4 230.4 921.6 0 0 2150.4 18.837504 2.240691922 

Condition 14 0 998.4 230.4 921.6 614.4 0 2764.8 24.219648 2.880889613 

Condition 15 0 998.4 230.4 921.6 0 2054.4 4204.8 36.834048 4.381352954 

Condition 16 0 998.4 230.4 921.6 614.4 2054.4 4819.2 42.216192 5.021550646 

  Totals 484.39296 57.61779227 

Averages 30.27456 3.60111201

7 
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As indicated in table 1, the annual average power consumption of Green 
PICCS components (except administration component that is used for 8 

hours/working day, has an annual power consumption of 0.953088 kWh and 

CO2 emission of 0.113368341 Kg CO2) is 30.27456 kWh and corresponding 
CO2 emission is 3.601112017 KgCO2. Thus, the total environmental impact 

of the Green PICCS (including administration component) is 3.714480358 

Kg CO2, 0.0006831Kg CO2 from ‗green by software‘ (i.e. from paper 
consumption) and 3.715163458 Kg CO2 from ‗green in software‘. This 

power consumption was observed from ‗green in software‘ analysis could be 

because of the use of none recursive algorithms, none tight loops, and use of 

less complex algorithms (Intel, 2011)  in designing Green PICCS algorithms 
and use of most preferred medium power-consuming none white color 

interfaces(Mian Dong, 2009). In this study the Intel application energy 

graphical tool as presented in figure 7 is used for measuring and monitoring 
energy consumption by different processes. 

 
Figure 7: Intel Application Energy Tool 

 

7 Conclusion  
  

The research paper reveals that the computing and communication 

systems in medical and pharmacy sectors in the developing countries health 
care institutions like Ethiopia are seriously required to be reassessed for 

checking their effectiveness, efficiencies and most importantly greenness that 

how much they are aligned with the technological advancement and what is 
the level of greenhouse gas (CO2) emissions. The research paper proposes a 

new knowledge idea for redesigning the existing system practices. The 

research conducted a parameters based comparative analysis between 
existing systems and the newly proposed system model i.e. Green PICCS and 

revealed that safety (5.97% (manual) vs. 84.67%(web-enabled)), timeliness 

(3.90% (manual) vs. 88.54%(web-enabled)), resource efficiency (5.40% 

(manual) vs. 85.15% (web-enabled)), accuracy (2.70% (manual) vs. 85.30% 
(web-enabled)), and data redundancy (5.40% (manual) vs. 90.55% (web- 
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enabled)), and greenness (17.13% (manual) 13.64% (web-enabled)) are 

significantly improved. Also, the greenness evaluation was done using two 

viewpoints ‗green by software‘—the amount of CO2 emission generated 

from paper consumption and ‗green in software‘—the amount of 
CO2 emission generated from power consumption.  The major constraint of 

this research was the data set size which was collected from selected 

healthcare centers in a developing country Ethiopia. The research can be 
scaled up towards developing vs. developed countries for better results. 

Based on the results of the study, it was concluded that better quality and 

greener service provisions can be promised by the Green PICCS model.  
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