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Abstract

District heating networks are commonly addressed in the literature as one of the most effective solutions for decreasing the 
greenhouse gas emissions from the building sector. These systems require high investments which are returned through the heat
sales. Due to the changed climate conditions and building renovation policies, heat demand in the future could decrease, 
prolonging the investment return period. 
The main scope of this paper is to assess the feasibility of using the heat demand – outdoor temperature function for heat demand 
forecast. The district of Alvalade, located in Lisbon (Portugal), was used as a case study. The district is consisted of 665 
buildings that vary in both construction period and typology. Three weather scenarios (low, medium, high) and three district 
renovation scenarios were developed (shallow, intermediate, deep). To estimate the error, obtained heat demand values were 
compared with results from a dynamic heat demand model, previously developed and validated by the authors.
The results showed that when only weather change is considered, the margin of error could be acceptable for some applications
(the error in annual demand was lower than 20% for all weather scenarios considered). However, after introducing renovation 
scenarios, the error value increased up to 59.5% (depending on the weather and renovation scenarios combination considered). 
The value of slope coefficient increased on average within the range of 3.8% up to 8% per decade, that corresponds to the 
decrease in the number of heating hours of 22-139h during the heating season (depending on the combination of weather and 
renovation scenarios considered). On the other hand, function intercept increased for 7.8-12.7% per decade (depending on the 
coupled scenarios). The values suggested could be used to modify the function parameters for the scenarios considered, and 
improve the accuracy of heat demand estimations.
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Abstract 

Minigrids are a great electrification strategy for developing countries. [1] Formerly operated only by diesel generators, they could 
be equipped with renewable energy and storage systems to become more reliable and competitive. Since resources are limited, it 
is not possible to hybridise all minigrids at the same time. An MS-EXCEL-based multi-criteria decision analysis (MCDA) tool 
offers a rational and impartial way of decision-making presenting the most eligible minigrids for a hybridisation. For the 
demonstration purposes, it is applied to the electricity sector of Niger. 
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1. Introduction 

With technical progress and dropping prices of renewable energy technologies, rural electrification – being once 
an unprofitable business – is accelerating around the world. Especially wind power and photovoltaic energy are key 
technologies for increasing the access to affordable off-grid electricity. For remote villages, where a connection to 
the national grid is not planned, isolated minigrids are the most promising option. [1] Actually, if such a minigrid 
exists, it is often operated by diesel generators, for which diesel supply is usually an issue – both for logistic as well 
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as for financial reasons. [2] Consequently, they could be equipped with additional power generation originating 
from renewable energy and also storage systems to become more reliable and competitive. Preferring a high share of 
renewable energy and storage systems, increases the independence from fossil fuels and the sustainability of the 
power supply. 

In fact, every – so called – hybridisation can optimise the energy production and its costs. However, since 
resources are limited, it is not possible to hybridise all minigrids and for sure not at the same time. Therefore, a 
strategy for decision-making needs to be developed to be able to determine, the minigrids being the most eligible 
one for a hybridisation. Based on different criteria (technical, financial, environmental and social), a multi-criteria 
decision analysis (MCDA) tool was developed being easily adoptable to any other case and location with similar or 
even different energy supply. 

2. Methodology 

The MCDA tool invented and presented herein was developed in MICROSOFT EXCEL. Its methodology is shown 
in Fig. 1 and described below: 

 

Fig. 1. Methodology for the MCDA 

The first step is to gather all available data of the considered situation and to include it in the database of the tool. 
Relevant data are for example the population of the locality, the distance of the locality to the actual electricity 
network or the existence of large consumers. 

2.1. Generation of the criteria 

Based on the available data, an overall list of 26 criteria was established being separated into four categories: 
technical, financial, social and environmental criteria 
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as for financial reasons. [2] Consequently, they could be equipped with additional power generation originating 
from renewable energy and also storage systems to become more reliable and competitive. Preferring a high share of 
renewable energy and storage systems, increases the independence from fossil fuels and the sustainability of the 
power supply. 

In fact, every – so called – hybridisation can optimise the energy production and its costs. However, since 
resources are limited, it is not possible to hybridise all minigrids and for sure not at the same time. Therefore, a 
strategy for decision-making needs to be developed to be able to determine, the minigrids being the most eligible 
one for a hybridisation. Based on different criteria (technical, financial, environmental and social), a multi-criteria 
decision analysis (MCDA) tool was developed being easily adoptable to any other case and location with similar or 
even different energy supply. 

2. Methodology 

The MCDA tool invented and presented herein was developed in MICROSOFT EXCEL. Its methodology is shown 
in Fig. 1 and described below: 

 

Fig. 1. Methodology for the MCDA 
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Relevant data are for example the population of the locality, the distance of the locality to the actual electricity 
network or the existence of large consumers. 
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Fig. 2. List of criteria included in the MCDA tool 

Each criterion is created by combining several weighted input data 𝑖𝑖 to one dimensionless figure, called criterion 
value (CV). For criteria based on more than one input data, data factors (DF) have to be attributed to indicate their 
respective weightings. The data factors of each criterion sum up to “100”, so that the range of each CV goes from 
“0” to “100”. Moreover, the input data of each locality 𝑥𝑥 is normalised – so reduced by the minimum value and then 
divided by the entire range of values. In that way, the entire range of values is considered, which enlarges the field 
of CVs for every criterion to its maximum. 

𝐶𝐶𝐶𝐶� � ∑ 𝐷𝐷𝐷𝐷�� ∙ ������������� 
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Depending on the direction of the input data – indicating, if a lower or a higher value is favourable for a 
hybridisation – the CV is calculated in a way that positively oriented input data 𝑖𝑖� and negatively oriented input data 
𝑖𝑖� are summed up separately. Hence, in view of the hybridisation process, a CV of “100” is always the best possible 
value. 

As an example for equation 1, the calculation of the CV for a sample criterion is shown. It shall 
represent the potential of reducing the CO2 emissions with a proposed hybridisation using simulations. 
Since low CO2 emission are good in view of the hybridisation process, they are negatively oriented, 
contrarily to the decrease of the CO2 emissions, where a high percentage is wanted. 

Table 1. Example values for creation of the “CO2 emissions”-criterion. 

Input data 
Locality 

CO2 emissions 𝑖𝑖� Decrease of CO2 emissions 𝑖𝑖� 
𝐷𝐷𝐷𝐷�� � �� 𝐷𝐷𝐷𝐷�� � �� 

Damagaram Takaya 𝑥𝑥� 𝑖𝑖��� � ��� ��� 𝑖𝑖��� � ��� 
Sassoumbroum 𝑥𝑥� 𝑖𝑖��� � ��� ��� 𝑖𝑖��� � ��� 

4 Cédric Le Gal / Energy Procedia 00 (2018) 000–000 

The CV for Damagaram Takaya is calculated as following: 

𝐶𝐶𝐶𝐶��� �  𝐶𝐶𝐶𝐶��������� ������ � �𝑅𝑅�� ∙ �� � 𝑖𝑖��� � 𝑖𝑖���
𝑖𝑖��� � 𝑖𝑖���

� � �𝑅𝑅�� ∙ 𝑖𝑖��� � 𝑖𝑖���
𝑖𝑖��� � 𝑖𝑖���

 
� �� ∙ �� � �������

�������� � �� ∙ �������
������� � ��   (2) 

In the same way, the CV of Sassoumbroum is estimated: 

CV��� � CV������������ � ���� ∙ �� � i��� � i���
i��� � i���

� � ���� ∙ i��� � i���
i��� � i���

 
� �� ∙ �� � �������

�������� � �� ∙ �������
������� � ��   (3) 

Finally, if comparing both CVs, the city of Damagaram Takaya should be selected for a 
hybridisation in the case of this single criterion. 

2.2. Stakeholders and their preferences 

Separately, a list of stakeholders was established. The 8 stakeholders possibly involved in the decision-making 
process that are actually included in the MCDA tool are presented in Table 2. 

Table 2: Stakeholders included in the MCDA tool 

Financer EPC Contractor Utility Local Beneficiaries 
Consultant Government Operator NGO’s 

Additionally, a factor – called stakeholder factor (SF) and going from “0” to “10” – is attributed to each 
stakeholder reflecting its importance and influence in the decision-making process. Moreover, the preferences of 
each stakeholder concerning the different criteria are represented by the criterion factor (CF) also varying between 
“0” and “10”. 

2.3. Calculation of the ranking 

The final step is the calculation of the ranking factor (RF) for each locality. The higher it is, the more suitable the 
corresponding locality is for hybridisation. It is generated by the following equation composed of all normalised 
criterion values (CV), the corresponding criterion factors (CF) and the weighting of each stakeholder 𝑘𝑘 using the 
stakeholder factor (SF). Finally, it is divided by the total amount of used criteria 𝑗𝑗 to obtain a RF, whose maximum 
value is “10,000”. 

𝑅𝑅𝑅𝑅� � �����
∑ ���∙∑ � ∙ ∑ ��𝑅𝑅� ∙ ∑ 𝐶𝐶𝐶𝐶��� ∙ �������������

������������������ ��   (4) 

Aiming a quicker assessment method, the MCDA can be separated into two phases: 

 Phase I of the MCDA allows a quick preliminary ranking that allows to eliminate the most unpromising localities 
and to significantly break down their amount (e.g. to 20 % of the initial list). Therefore, a handful of projects 
related key criteria must be selected. They will play a crucial role in the beginning of the assessment, since only 
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these criteria are considered in Phase I. The advantage is to save time by generating data for all localities only for 
these key criteria, what is extremely useful if data availability is low or its gathering complicated. 

 Phase II starts now with this list of all preselected localities, but includes now the entire range of criteria. The 
final output is a list of the highest-classed minigrids from Phase I sorted by their eligibility for hybridisation. 

An example for the calculation of the RF of the two sample localities (Damagaram Takaya & 
Sassoumbroum) is shown below considering only two criteria (CO2 emissions & Population – the last 
one compared to all other cities of the Niger project) and two stakeholders (Financer & Utility). [2] 

Table 3. Example values for CV, SF and CF [2]. 

Stakeholder 
Criterion 

Financer 𝑘𝑘� Utility 𝑘𝑘� 

𝑆𝑆𝑆𝑆� � �� 𝑆𝑆𝑆𝑆� � ��
CO2 emissions 𝑗𝑗� 𝐶𝐶𝐶𝐶����� � �� 𝐶𝐶𝐶𝐶��� � ��� 𝐶𝐶𝐶𝐶��� � �� 𝐶𝐶𝐶𝐶����� � �� 𝐶𝐶𝐶𝐶��� � �� 𝐶𝐶𝑆𝑆��� � ��

Population 𝑗𝑗� 𝐶𝐶𝐶𝐶����� � � 𝐶𝐶𝐶𝐶��� � ��� 𝐶𝐶𝐶𝐶��� � �� 𝐶𝐶𝐶𝐶����� � ��� 𝐶𝐶𝐶𝐶��� � �� 𝐶𝐶𝑆𝑆��� � ���

The ranking factor RF for Damagaram Takaya is then: 

𝑅𝑅𝑅𝑅� � �����
���� � ��� � �� �

�����
����� � � � ���������� � � � �� � ���������� � �� � ����������� � �����   (5) 

In the same way, the ranking factor for Sassoumbroum can be calculated: 𝑅𝑅𝑅𝑅� � ����. Therefore, 
Damagaram Takaya should be selected for the hybridisation. 

3. Case Study in Niger 

To prove the effectiveness of the tool, it was tested within the Niger project of intec. Its goal was to select 20 out 
of the 115 diesel-based minigrids that seem to be the most promising for being hybridised with solar PV. [4] During 
the prefeasibility phase of the project, only a very rough but also quick estimation was done – so a single phase of 
the MCDA is sufficient. Moreover, only one single criterion (Probability of grid connection) was considered for the 
decision-making process. [5] The selection approach and its outcome were suggested by intec and no other 
stakeholder than the Consultant was involved at this stage. These frame conditions reduce the complexity of the tool 
to a minimum, what enables to check within these simplified conditions, if the simulated results from the tool match 
the selection made during the project. 

After applying some strategical and political exclusion criteria [2], the output of the tool generated a very similar 
list of minigrids, what shows that the MCDA tool represents a professional way to obtain the desired output. 

4. Conclusion and outlook 

Finding the optimal solution is always tricky – even more, if several opinions are competing against each other 
trying to enforce their own position. In order to avoid a time-consuming discussion and to still find the best solution, 
an impartial and purely rational assessment approach is required. At this moment, the multi-criteria decision analysis 
tool described herein comes into play. The objective of the MCDA tool is to create a ranking of minigrids sorted by 
their eligibility for being hybridised. Being generated in a way that it is not susceptible to any personal opinions, this 
ranking is likely to be accepted by all stakeholders. 

However, the potential of the tool exceeds this basic requirement and offers many more opportunities. First of all, 
the application of an MCDA tool saves time, so that discussions can focus on different topics. Another benefit of 
MCDA methods is that the stakeholders have a better understanding of the problem and the other stakeholders’ 
points of view. 

Applicability and adaptability to other cases is one of the most important features of tools. In this case, these are 
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ensured by different levers: 

 The list of localities, input data, criteria and stakeholders can be edited and extended. 
 All input data and criteria are normalised. 
 The tool works only with dimensionless factors that are entirely adjustable. 

Due to these aspects, if any input data or factor is changed, the MCDA tool automatically generates new results. 
If for example a locality is added to the list, the tool immediately recalculates all criteria by considering the values 
of the new localities. In that way, a relative relationship between all localities is established. Due to this flexibility, 
the tool can be applied to a large range of situations. 

Based on the tool developed herein, some modifications could be made in order to create a new tool that could 
provide an entire electrification strategy plan. This would allow determining a ranking of localities that should 
preferentially be electrified and furthermore, which electrification strategy should be adopted in every locality. 

Acknowledgements 

The author gratefully thanks GOPA-International Energy Consultants GmbH and in particular 
Prof. Dr. Andreas WIESE and Mr Paul FREUNSCHT for their enduring support during the elaboration of his master 
thesis and especially for the great opportunity to participate at IRES 2018. 

References 

[1] ALLIANCE FOR RURAL ELECTRIFICATION: Rural Electrification 

https://www.ruralelec.org/rural-electrification, Rev. 24.05.2017 

[2] HAZELTON, J. et al.: The Benefits and Risks of Photovoltaic Hybrid Mini-grid Systems for Rural Electrification 

in Northern Territory, Australia, 2013 

http://ceem.unsw.edu.au/sites/default/files/documents/Hazelton%2C%20Bruce%2C%20Macgill%20-

%202013%20-

%20Who%20shall%20inherit%20the%20mini%20grids%20Examining%20ownership%20and%20business%20

models%20for%20PV%20Hybrid%20Mini%20grids.pdf 

[3] GOPA International Energy Consultants GmbH – Internal information (confidential). 

[4] WORLD BANK GROUP: Niger Solar Electricity Access Project (NESAP) 

http://projects.worldbank.org/P160170/?lang=en&tab=overview, Rev. 07.09.2017 

[5] ENERGYPEDIA.ORG: Grid Extension vs Off grid, Island / Isolated System 

https://energypedia.info/wiki/Grid_Extension_vs_Off_grid,_Island_/_Isolated_System, Rev. 25.08.2017 



	 Cédric Le Gal  et al. / Energy Procedia 155 (2018) 280–285� 285
 Author name / Energy Procedia 00 (2018) 000–000  5 
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