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Abstract

Given the challenges facing most humanitarian operations worldwide, a change
of approach is needed to ensure greater sustainability of humanitarian settle-
ments right from the planning stage. Some studies attribute unsustainability
to inadequate provision of basic resources and highlight the apparent bottle-
necks that prevent access to the meaningful data needed to plan and remedy
problems. Most operations have relied on an “ad hoc ism” approach, em-
ploying parallel and disconnected data processing methods, resulting in a
wide range of data being collected without subsequent prioritization to op-
timize interconnections that could enhance performance. There have been
little efforts to study the trade-offs potentially at stake. This work proposes a
new framework enabling all subsystems to operate in a single system and fo-
cusing on data processing perspective. To achieve this, this paper proposes a
Triple Nexus Framework as an attempt to integrate water, energy, and hous-
ing sector data derived from a specific sub-system within the overall system
in the application of Model-Based Systems Engineering. Understanding the
synergies between water, energy, and housing, Systems Engineering characte-
rizes the triple nexus framework and identifies opportunities for improved
decision-making in processing operational data from these sectors. Two sce-
narios illustrate how an integrated platform could be a gateway to access
meaningful operational data in the system and a starting point for modeling
integrated human settlement systems. Upon execution, the model is tested for
nexus megadata processing, and the optimization simulation yielded 67% sa-
tisfactory results, demonstrating that an integrated system could improve
sustainability, and that capacity building in service delivery is more than
beneficial.
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1. Introduction

Over the years, there has been observed duplication of efforts in delivering wa-
ter, energy and housing services, and a form of “ad hoc-ism” whereby sector-
specific data is collected and then forgotten or stored in an inaccessible manner,
resulting in wasted time and duplication of efforts when planning for subsequent
years [1]. In October 2023, a household survey [2] conducted in two Kenyan
refugee settlements revealed significant needs among residents. Despite receiv-
ing an average of 17 liters of water per person per day, 75% of households re-
quired more water for various purposes, including home construction. Only 33%
could afford to pay for extra water. Additionally, half of the households needed
more energy resources, with 83% able to pay for energy needed for economic ac-
tivities, as shown in Figures 1-3.

These results reveal significant disparities between planning data and achieve-
ments. As operational data is collected in an isolated and scattered way, stan-
dards are often unmet, and people find alternatives to compensate for short-
comings or make substitutions. They also show that the challenges of transitioning
human settlements in a more sustainable direction are enormous and require
urgent solutions.

Indeed, the accelerated nature of displaced population growth predicts ever-
increasing pressure on water, energy, and housing, which is likely to lead to re-
source depletion, degradation of ecosystem services, and irreversible societal and
environmental changes in the long term. Quantifying the interconnections be-
tween the energy, water, and housing sectors is a first step towards integrated
systems modeling that would contribute to a sustainable and integrated planning
of humanitarian settlement. To date, the literature shown that little work has
been done to investigate the interlinkages between water, energy, and housing in
the humanitarian context, where each sector is still perceived and operated sep-
arately. The effectiveness of water sub-system options for improving resource ef-
ficiency to reduce gaps is only examined at the water’s edge. Similarly, the effi-
ciency of energy supply is only studied from an energy needs perspective [3],
while the efficiency of housing construction is only perceived as the need for
capping a shelter. As a result, important gaps have emerged along the way. The
current provision of energy supply had unintended consequences that affected
the well-being of displaced populations, as experienced in refugee settlements in
Kenya located in an arid region prone to frequent and prolonged droughts. The
various options for remedying the water shortage required considerable energy
to operate the solar energy system, with further consequences for energy supply
and vice versa. Similarly, constructing permanent houses induces high domestic

water consumption, affecting the water supply. This situation continues to be a
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83%, 16%

W Percentage of Households who built their own houses.

M Percentage of Households who invest additional funds in
building their houses.

W Percentage of Households who invest Min of Kes 100,000
additional funds in building their houses.

M Percentage of Households who needed additional water to build
their houses.

M Percentage of Households who bought additional water to build
their houses.

M Percentage of Households who incurred other expenses in
building their houses.

M Percentage of Households who used water for house repairs

Percentage of Households who are in other needs to
comfortably live in their houses (energy, etc..)

Figure 1. Household water consumption in kenyan refugee settlements (October 2023).

Percentage of Households in additional energy needs
in housing

Percentage of Households who used water for house
repairs

Percentage of Households incurring other expenses in
housing

Percentage of Households buying additional water in
housing

Percentage of Households who needed additional
water in housing

Percentage of Households investing Min of Kes
100,000 in housing

Percentage of Households who invest additional
money in housing

Percentage of Households who built their houses.

83%
33%
50%
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Figure 2. Household houses construction in kenyan refugee settlements (October 2023).

Percentage of households incurring expenses for

additional energy in farming or economic activities.

Percentage of households in need of additional energy

(lighting, TV, security, solar, phone charging, education)

Percentage of households spending money on energy
needs

Percentage of households in need of energy for water
use (cooking, drinking, etc...)
Percentage of households receiving energy for cooking,
lighting, and phone charging only.
Percentage of households receiving energy (cooking &
lighting only)

Percentage of Households who receive energy for
cooking only.

Percentage of households receiving energy for domestic

needs.

I 25%
I 50%

83%

92%
8%

I 58%
I 33%

I 100%

Figure 3. Household energy consumption in kenyan refugee settlements (October 2023).
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daily occurrence and justifies the present study. Among the issues and chal-
lenges that could be the cause is the growing refugee population.

While only 22% of refugees currently live in unplanned human settlements,
many will live in urban-type settlements by 2050 [4]. This population increase
generates negative consequences and externalities that will affect the quality of
life in humanitarian settlements, such as inequitable access to basic social ser-
vices, water scarcity and contamination due to floods, droughts, forest depletion,
conflicts, climate change exacerbation and overexploitation of natural resources.
Population growth also means that more will need basic services, more sustaina-
ble and affordable infrastructure systems will be required, such as energy, water,
housing, food, more people will need health services, more educational institu-
tions will be in demand, and so on. All these factors cause challenges for the
sustainable development of human settlements and increase the complexity of
managing human settlements. With such a boom in urbanization and associated
challenges, there is a need to adopt an integrated system approach that would
align the triple nexus framework to ensure the sustainable development of hu-
manitarian settlements.

This work examines the relevance of shortcomings in the current practices
and proposes a novel Triple Nexus Framework which would make it possible to
better organize and integrate data from water, energy, and housing sectors by
applying Model-Based Systems Engineering (MBSE) methodology. The ultimate
outcome is to introduce a novel model-driven approach in humanitarian opera-
tions that would have potential to significantly affect the design and manage-
ment of refugee settlements towards more sustainable practices, aligning with

current global priorities.

2. Nexus Approach in Humanitarian Operations—
A Literature Review

While few studies have examined the sustainability of the nexus of water, energy,
and housing in social systems, some scholars have conducted research in specific
areas that complement this research. Yasmin et al [5] has explored a systematic
review of water, sanitation, and hygiene sustainability and resilience in refugee
communities. They found that there are growing concerns about the sustainabil-
ity of water, sanitation, and hygiene, which depends on understanding the roles
and interdependences between factors, and that there is a need to recognize that
there is no one-size-fits-all solution. Similarly, Yilin Zhuang [6] conducted a
study on integrating water and energy resources (water-energy nexus) through a
system dynamics approach. While the study recognizes that water and energy
are intrinsically linked and dependent on each other in the modern city, only
from the point of view of their management, it did not highlight the importance
of the territoriality in which water and energy systems unfold and interact, nor
the planning options that could inform various scenarios, and was therefore li-
mited by the lack of meaningful data considerations. To another extent, in inves-

tigating the integrated approach to water, energy, and food nexus, Mohammad
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Al-Saidi and Nadir Ahmed Elagib [7] attempted to identify possible ways to as-
sess the interdependent resource problems between the three resources using a
science and policy framework. They found that although the linkages between
water, energy, and food have succeeded in changing political debates, the priori-
tization of problems is lacking and seems to depend on specific case studies and
the choices of political decision-makers. However, it also underscored the urgent
need for a more integrated and cross-cutting approach to addressing issues across
these three resources. In this respect, it raised the need for a more in-depth
analysis of the linkages between the three resources and the issue of governance,
which has still not been addressed in the debate.

To understand the integrative perspective that makes a human settlement more
sustainable by optimally managing water, energy, and food resources, Maryam
Ghodsvali [8] attempted to develop an integrated decision support system through
a spatial optimization model that relies on a combination of methods guiding
the decision-making process through the modeling and planning of complex
systems such as cities. The results could serve as strategic guidelines for policy-
makers and encourage effective decision-making while minimizing environmental
burdens in integrating the water, energy, and food nexus. Fatima Mansour ef al.
[9] more critically examined the issue of increased world population versus ex-
aggerated global resource consumption, resulting in many difficulties. They con-
cluded that a sustainable solution requires a comprehensive review of these re-
sources’ availability, affordability, quality, and stability, and the adoption of the
water-energy-food nexus as a key pillar of resource allocation and management
in cities. The study adopted a multi-criteria approach in identifying linkages
between water, energy, and food resources in a holistic and integrated manner
rather than as separate components. Thus, the benefit of their approach is that it
considers the interconnections between the three resources that efficiently con-
tribute to creating synergy between them. The study concluded that the wa-
ter-energy-food nexus approach could prevent the transfer of problems from
one sector to another through the linkages between them. Ultimately, it offers
the advantage of minimizing global trade-offs and maximizing co-benefits that
improve overall sustainability [10].

Based on above, several research have been carried out to illustrate nexus con-
cept, for example, in the field of water, energy, and food, sometimes using simu-
lation tools [11], nexus governance [12] or simply judicious implementation
[13]. It can be argued that these reflections have contributed to a better under-
standing of the water-energy-food nexus in general. However, none of the stu-
dies has yet presented a critical analysis of the nexus concept in humanitarian
contexts through a systems lens. Ringler, A. Bhaduri and R. Lawford [14] who
reviews the water-energy-food nexus concept through methodological research
questions, recognizes the difficulties associated with data uncertainty and mod-
eling, the underlying mechanism of nexus problems, and system performance
assessment. In the same vein and complementing, Ringler ef al. [15] conducted a

sustainability assessment across the water, energy, land, and food nexus by ex-
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ploring their inter-connectedness. Some results concluded that water, land, and
energy resources are all crucial contributors to food security and holistic sustai-
nability could promote investment options that co-balance benefits across dif-
ferent sectors. But again, it does not investigate the root causes that could lead to
the inefficient use of these resources, which could be related to poor planning
options or the unavailability of meaningful data that would help advance the
concept of the water-energy-land and food nexus. Moreover, the context of this
study is far from the specific humanitarian situations. By further investigating
the dynamics at play within the water-energy-land-food nexus over time, Ber-
nard Amadei [16] has introduced a multi-characteristic concept comprising so-
cial, environmental, infrastructural, and economic components and their related
elements, in which the linkages between water, energy, land, and food unfold.
The study underlined the importance of considering the community for which
the nexus is intended, and which must be satisfied with nexus resources such as
water, energy, and so on. His work highlighted the importance of dealing with
data quality in a participatory and systemic way. He introduced a new method
for modeling the nexus, using system dynamics applications to study its different
states over time.

With regard to the contribution of the housing sector to the concept of nexus,
there are few concrete studies, especially not in humanitarian contexts or un-
derdeveloped community landscapes. Nevertheless, in an attempt to provide an
overview of the housing sector’s potential effects on the nexus, Ali Cheshmeh-
zangi [17] has analyzed the divergences, challenges, and implications of the
energy-housing nexus in China’s wealthiest transitional urban and peri-urban
areas, as well as in the country’s least affluent rural areas. However, the study
was limited to the implications of existing housing and energy policy reforms,
which have advanced policies to promote green strategies and energy savings in
the housing sector. From the perspective of the interconnection of the housing
and water sectors, for example, Meehan et al [18] studied the conditions of
access to water in the context of housing construction for low-income commun-
ities in the USA. The study showed that precarious access to domestic water
should be seen as a housing problem reflecting structural inequalities, particu-
larly in cities where wealth gaps are widening to the detriment of low-income
populations. In light of this, the study concluded by calling for more research
and action at the intersection of water supply, housing, and social inequality, the
so-called housing-water nexus. He noted that there is a correlation between wa-
ter resources and housing and that problems of inequality persist, particularly in
low-income areas that lack adequate infrastructure and where this link is not yet
well understood. While a few studies have looked at the links between water,
energy, land, and food from a rural and urban perspective, a limited number
have focused on the sustainability of housing without emphasizing the relation-
ship between water and housing and, even more regrettably, in humanitarian
contexts. However, Henry and Grobler [19] conducted a study to establish a re-
lationship between food and housing insecurity in low-income neighborhoods in
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South Africa using different statistical techniques based on a quantitative re-
search method. Although the study was not conducted in a typical humanitarian
context, it found however that there is a trade-off between housing and food se-
curity and that, in many cases, food and housing insecurity coexist. Most im-
portantly, it stated that in any human context, affordable housing and food secu-
rity are essential for development to ensure an adequate healthy lifestyle. In the
same context, Abby Ostovar [20] studied the impact of water conditions on
housing development on the Monterey Peninsula. He examined the extent to
which water could limit affordable housing development for lower-income
households. However, it only scratched the surface of the Monterey Peninsula’s
housing and water situation and did not describe it in detail, nor did it examine
the detailed differences between jurisdictions, how best to implement the rec-

ommendations, or what some of the trade-offs would be.

2.1. Data Management in Humanitarian Operations

In the context of humanitarian settlements, data in general can be classified into
three categories such as administrative data which includes human resources
and the supply chain, financial data, and operational data, which is the focus of
this work. Operational data will typically include data on populations and their
needs, projects, monitoring and evaluation, and socio-economic data, and so on.
Figure 4 shows the categories of data and illustrates how humanitarian actors
process parallel operational data for water, energy, and housing, as an example.

As shown in Figure 4, the three sectors of water, energy, and housing, called
“triple nexus”, process data differently and in parallel. This means that the same
data on water, energy, and housing are collected from different sources almost
simultaneously, resulting in redundancy and the creation of three separate data-
bases due to a lack of integration that would both interconnect data processing
and optimize the setting of meaningful priorities for planning.

The failure to adopt such a systemic approach has led to poor design and un-
sustainability of humanitarian settlements. Significant shortcomings have emerged
since the current disaggregated method generates unintended consequences
which negatively affect the well-being of displaced populations. Most of the time,
humanitarian partners spend efforts and time collecting and reinterpreting
much scattered, isolated, and purpose-driven data. A systematic data integra-
tion has not been adequately emphasized; therefore, there is evidence of dup-
lication of effort in some instances of inefficient and poor-quality data man-
agement practices [21]. In short, there is a preponderance of sector-specific data
and a duplication that negatively affects the sustainability in humanitarian set-
tlements.

As such, the United Nations recognize the need for a decision-support frame-
work that could integrate and systematize data from a different sector through a
unified data platform rather than the conventional methods as outlined in the

literature.
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Figure 4. Operational data types showing a decentralized processing of water, energy, and housing data [Adapted from [21]).

2.2. Access to Water, Energy and Housing in Humanitarian
Settlements

Access to water is vital for displaced people. However, more than half the
world’s refugees cannot access the minimum required quantity. United Nations
High Commissioner for Refugees estimates that more than half the world’s ref-
ugee settlements do not have enough water to meet the recommended 20 liters
per person per day [22], and according to the 2023 global Water Security As-
sessment report [22], 78% of the world’s population currently lives in countries
without guaranteed access to water. Moreover, the report revealed that the
world’s population will reach around 10 billion by 2050, of which around 4 bil-
lion will live in water-stressed basins. On the other hand, growth in global ener-
gy demand is relatively modest due to the widespread deployment of energy-
efficient technologies and the global economy’s transition to services. However,
demand is still expected to increase by about 37% by 2040 [23]. Most refugees
rarely have access to suitable energy sources, and it is estimated that 80% of the
8.7 million displaced people use traditional biomass for cooking and have no
access to electricity. They depend mainly on the forests nearby for firewood. As a

result, hectares of forest are cleared and burned yearly in areas close to refugee
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settlements [23]. Limited access to energy resources in settlements negatively im-
pacts the sustainability and safety of displaced populations. While equitable and
safe access to clean and affordable energy is closely linked to the enjoyment of
needs associated with water, housing, and education, this still constitutes a major
challenge in most settlements, as previously outlined.

Furthermore, access to long-term, safe, and affordable housing is an ongoing
quest for displaced people. According to the United Nations High Commission-
er for Refugees, around 30% of refugees are housed in self-settled settlements,
forced to live in substandard and unsanitary housing conditions. Refugees in
urban areas also face similar challenges in informal and unplanned settlements.
Fewer than 20% have access to real housing that complies with norms and stan-
dards and is supplied with sufficient water and energy. Indeed, water, energy,
and housing are intrinsically interrelated, and the provision of one generally
depletes the resources of the other two and vice versa, due to the environment
that produces them and the institutional arrangements in place. In most huma-
nitarian settlements, these three sectors’ important decisions are generally un-
coordinated. For instance, energy policies typically rely on the idealistic assump-
tion of abundant water for potential energy solutions. Still, today’s dynamic, ur-
banized, and interconnected context leaves little room for such fragmented go-
vernance. The interlinkages between energy, water and housing influence the ex-
tent to which the system’s sustainability can be achieved.

The Triple Nexus approach of water, energy, and housing is a holistic sustai-
nability view that seeks to determine a balance between different sectors. How-
ever, today, the three sectors’ planning, allocation, and management approaches
are still largely decentralized.

As illustrated above, limited efforts have so far, been undertaken to pool the
benefits of data integration. For example, the effectiveness of water supply op-
tions to improve consumption and reduce shortfalls is only examined from a
water perspective, and energy production requirements for domestic and com-
mercial activities are only estimated from an energy perspective. Similarly, energy
production requirements for domestic and commercial activities are only calcu-
lated from the energy point of view. At the same time, the efficiency of housing
construction is mainly perceived from the product point of view. As a result,
significant gaps have emerged in practice over time, as highlighted in the
UNHCR evaluation report [21]. The current approach in the planning for ener-
gy supply has had unintended consequences that affect the well-being of refu-
gees, as is the case in refugee settlements in Kenya [24]. In these settlements in
an arid region of Kenya prone to frequent and prolonged droughts, the various
options for remedying the water shortage require considerable energy to operate
the solar-powered system, affecting the energy supply and vice versa. Similarly,
building sustainable homes requires a considerable amount of water, which af-
fects the water supply system often designed for domestic water supply. This
situation, which stems from an isolationist approach to the design of these sys-

tems, continues today.
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The main objective of this work is to develop a typical and practically genera-
lizable model of sustainable humanitarian settlement for which a data processing
framework is incorporated to address the main limitations, uncertainties, and
challenges relating to the current mode of planning with the support of MBSE
and SysML from the new wave of systems engineering, and the underlying ad-

vanced data integration applications.

2.3. Theory of the Triple Nexus: Water-Energy-Housing (WEH)

The Triple Nexus approach derives from the need for water, energy, and housing
integration as they are closely interlinked (see Table 1). With the traditional
sectoral approach attempting to achieve sustainability of resources and services
independently often jeopardizes the sustainability of one or more other sectors.
The Triple Nexus approach enables the realization of interlinkages, synergies,
and trade-offs to identify solutions, foster water-energy-housing integration, sus-
tainability, and efficiency, and reduce impacts and risks on the urban planning
subsystem in the settlement.

The Triple Nexus Water-Energy-Housing (WEH) approach originated as to
how to deliver water, energy, and housing for all integrated into a specific sub-
system within the overall system. From the literature review and the survey car-
ried out in refugee settlements in Kenya, the Triple Nexus WEH approach moves
beyond the traditional sectoral approach to achieve overall sustainability in the
settlement. While the current approaches remain decentralized, the Triple Nexus
approach identifies mutually beneficial responses based on understanding the
synergies between water, energy, and housing properties and policies. It also
provides an informed and transparent framework for determining trade-offs and
synergies that maintain the integrity and sustainability of the settlement system in
which it unfolds. The Triple Nexus is a generalizable framework defined as a ga-

teway to using composite data in setting priorities for multi-sector programming.

Table 1. Multi-Dimensional interlinkages between water, energy, and housing (Adapted
from [25]).

Water <-> Energy: Water plays a key role in energy production, for irrigation, in
hydroelectric plants, for cooling thermal (fossil-fuel or nuclear) plants and in growing
plants for biofuels. Conversely, energy is required to process and distribute water, power
water supply equipment (solarization), pump and treat groundwater, etc.

Water <-> Housing: Water is the keystone for housing construction and repairs, housing
needs, concrete and bricks production, etc. Conversely, agricultural intensification for
households’ activities impacts water quality.

Housing <-> Energy: Energy is essential to life and comfort in the home. It is needed for
lighting, heating, cooking, and income-generating activities. It is an input throughout
the home’s construction, from pumping water to processing, transporting, and
refrigerating food in the house.

Integration between water, energy, and housing is an essential requirement for the
sustainability of all the above. It is negatively affected if water, energy, or housing are
unsustainable within the urban planning subsystem and the integrated human
settlement.
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3. Methodology and Process

This paper applies Model-Based Systems Engineering (MBSE) and Systems Mod-
eling Language (SysML) as most appropriate applications capable of organizing
and consolidating data across diverse sectors through a unified platform to shed
light on the complex interdependencies that exist between them. MSBE metho-
dology has the potential to realize and manage complexities over diverse ele-
ments within a system such as a human settlement to overcome the decentra-
lized approaches or methods as being experienced in practice today.

This work uses MSBE methodology to develop a Triple Nexus Framework
aiming to organize and integrate data on the water, energy, and housing sectors
better, which would contribute to the sustainability of the overall system. The
Nexus platform is the final stage in the process: the consolidation and access to
the set of meaningful integrated data to consumers. At the Nexus level, data
from the three sectors are integrated and processed according to the planning
objectives. Figure 5 below presents the schematic representations of the Triple
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B Assessment & Demographic & processing operational data
|dentity & Case Activity & Sectoral Socio-Economic
Management Results Data Monitoring Data from the water, energy, and

housing sectors in an
integrated, unified way, has led

Finance

“to the creation of a single Nexus
database.

Supply Chain HR

Settlement Planning/Design
Operation Programming

Actors (1...3) Provide Inputs

Water System

Process of Data Collection
through an Integrated Needs
Assessment Template.

Integrated Platform

Combined Process of Integrated Data Analysis & Prioritization.

Actors (1)

WEH_Nexus_Database

Housing
Database

Water
Database

Figure 5. Schematic representation of the triple nexus processing.
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Nexus Framework processing and operations. As shown in Figure 5, data from
the three sectors of water, energy, and housing are processed, analyzed, consoli-
dated, and prioritized through a single process and in a single direction. The
processing of the building composite data or indicators that link interrelated
properties to all three sectors aims to optimize common benefits. A single Nexus
database and centralized platform are then created to store all data simulta-

neously and make it available to stakeholders as required.

4. Research Results

4.1. Modelling the Triple Nexus

The importance of the Triple Nexus stems from the challenges and problems
revealed in the surveys carried out in refugee settlements in Kenya [2]. This
work demonstrates that the three sectors of water, energy, and housing, defined
as the “Triple Nexus”, process data differently and in parallel. This implies that
the same data generated on water, energy and housing are collected from differ-
ent sources almost simultaneously and in parallel, resulting in redundancy and
the creation of three separate databases due to a lack of integration that should
enable interconnection in the data processing. This would considerably optimize
system performance by setting more rational priorities for planning. This new
data processing framework also makes it possible to develop composite data
across the three sectors, which has been widely recommended in recent years by
most stakeholders for including multi-sector indicators in operations planning
and management. Figure 6 shows the Triple Nexus Framework developed using
MBSE methodology.

This work determines that the lack of a systemic approach to data processing,
particularly to the Triple Nexus, has often led to poorly design and unsustainable

humanitarian settlements.

4.2. Triple Nexus Platform Design

For this study, Urban Planning is the sub-system from which the Nexus data of
the triple Nexus water, energy and housing is derived. The Nexus platform is the
final stage in processing the nexus data, which is then verified and consolidated
before being made available to users. At the Nexus level, data relating to the
three sectors of water, energy, and housing, are processed, and recomposed ac-
cording to expected results. Thus, following the same system-wide process, data
from the three sectors that make up the Water, Energy and Housing Nexus are
collected from external sources, analyzed, combined, processed, and transferred
to an integrated platform, as shown in Figure 7 below, for users in the planning
of settlements. Upon completion of the Triple Nexus Framework as shown in
Figure 7, the model was tested on its capacity to process Nexus data following
the new approach, and the optimization simulation results are shown in the be-

low sessions (Figure 8).
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Figure 9 below shows a high-level illustration of the proposed Triple Nexus
model. The diagram shows states through which the Nexus system of an inte-
grated human settlement system goes through in its operations. The sources of
data will be the starting point through which data is produced by several means
such as sensors, cloud-sourcing, etc. Data will then be sourced and stored at the
level of data block presented as a Nexus data platform. At this level, data will be
processed into meaningful information stored by the information block pre-

sented as the Nexus information platform (Figure 9).

4.3. Triple Nexus Optimization

The objective of the Triple Nexus optimization is to demonstrate the data pro-
cessing improvement between the humanitarian current approach, and the
Nexus proposed approach through model simulation. As shown on Figure 10,

optimization analysis process is executed for the Triple Nexus data processing.
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Figure 10. SysML block definition diagram showing the triple nexus data processing operations.
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There are two parts: 1) Data production based on the current approach and 2)
Data production based on the Nexus data integration approach. Data processing
is used as part of the Nexus analysis by the two requirements to be satisfied. The
next step is to model data processing operations which is executed in the Se-
quence Diagram shown in Figure 11. The model was executed in 2-month pe-
riod as an indicative nexus processing cycle (assumption). Thus, up to two
months period, it will be simulated the single flow. The model is simulated in a
cycle being repeated over a year as shown in the Activity Diagrams (Figure 12
and Figure 13). The Activity Diagrams show the property iteration decrease, the
data processing Sequence Diagram and the operation is repeated if Iteration >0.
There are also two “Actions” elements which are used to randomize the dura-
tion of the current processing (current state) and the duration of the nexus con-
trols processing. The duration of the current state is chosen to be from 0 to 3
days, and the current of the nexus controls process is assumed to be from 0 to 30
days. The second Action of analysis is that the simulation is executed in a year
period. So, when one cycle is executed, the total is increased by the cycle in the
Action one (Duration of current state and duration Nexus controls).

Upon completion of the simulation, the duration of current approach (state)
per year and the duration for Nexus controls per year are executed. There are 2
possibilities for simulation: Current state of data processing (current approach)
and Nexus data processing (proposed new approach). The aim is to demonstrate
the difference between the current processing performance and the new pro-
posed data processing performance. The Activity Diagram (Figure 13) shows
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Figure 11. SysML sequence diagram showing data integration process.
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Figure 12. SysML activity diagram showing properties iteration based on the proposed nexus data processing.

the duration of the Nexus execution assumed to be equal to 1 day, while it is as-
sumed to be from 0 to 30 days for the current approach (Figure 12). The Se-
quence Diagram (Figure 11) is simulated for all cycle of the year. The Sequence
Diagram is used to model the system optimization simulation process. The as-
sumption for the model parameterization is that many data processing could be
ongoing at the same time and on a request basis. This is shown by the analysis
performed by a number of processing multiplicity assumed at 10, and the execu-
tion of the model shows 10 data processing running same time. The execution
showed the results of the two configurations and the requirements are satisfied

after the 7 simulation.
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Figure 13. SysML activity diagram showing properties iteration based on the current data processing.

The results show that the model works and is able to process the proposed in-
tegrated Nexus data, and to process more than 1 million variables per year and
could reject (quality controls) less than 0.005 million variables per year. The re-
sults demonstrate the Nexus data optimization simulation is satisfactory. The
results show improved data processing based on the Nexus approach, which has

improved the process by about 67% (500 data plus per time).

4.4. Triple Nexus Framework Design

For the design of the Triple Nexus Framework, while a structural model captures
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the system’s hierarchy and relationships between internal elements, it can only
model the flow of data inputs and outputs through a sequence of actions, which
implies modeling behavior. To do this, this work uses the SysML Activity Dia-
gram for modelling since an Activity Diagram in SysML can capture the data
flows of water, energy, and housing and represent a set of actions describing the
execution of the required actions and the processing of data up to the creation
and operationalization of a unified Platform. Figure 14 shows the Activity Dia-
gram of the proposed Nexus Framework behavior model, which captures the
data flow from within the water, energy, and housing sectors. It also shows the
explicit assignment of behavioral partitions, representing the parties responsible
for executing treatment and management activities. Data is obtained from needs
assessments, then transformed into composite data, quality-controlled data car-
ried out by Nexus-Experts in compliance with existing protocols and stakeholder
validated requirements. Sector data is analyzed and transformed into meaningful
data, either sector-specific or composite in the form of nomenclatures during the
detailed design phase. Finally, the selected composite and other sectoral data are
transformed into meaningful processed data for use by Nexus-Experts when re-
configuring the Nexus Integrated Platform and Database. As the Nexus Frame-
work behavior model captures the main common actions within the Nexus rea-

lization process, it can be reused for other specific design scenarios.
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Figure 14. SysML activity diagram for nexus framework behavior model.
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.,

In addition to the Nexus Framework behavior model, a decision support be-
havior model is designed to capture how decisions are made. As shown in Fig-
ure 15, the starting point is to trigger and initiate the required operations of the
Nexus Framework behavior model. On the technical side, a parametric model is
run with databases and a solver. The solver takes over the execution of the pa-
rametric model. To enforce the operating logic of the Nexus Framework, a re-
quirements review is performed to assess whether the requirements are satisfied.
If not, advice on implementing variety in the process reconfiguration is provided
based on any changes and modifications and a simulation model. After several
iterations, the decision support process stops when the objectives of Nexus data
processing are in line with requirements and standards, and platform operation

is achieved thanks to the trade-off analysis.

5. Conclusion

Through this work, an analysis is conducted to identify significant shortcomings
in the current approaches to operational data management, and highlighted the
significant benefits that model-based systems engineering (MBSE) methodology
could bring in. This resulted in the application of MBSE methods and Systems

Engineering (SE) solutions to develop a Triple Nexus Framework, to enable a
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systematic and integrated view of the system. Concretely, the Triple Nexus Frame-
work is derived from a humanitarian settlement focusing on the triple nexus da-
ta processing and capability integration perspectives. The literature review on
the Nexus approach that could be deployed there revealed that many studies,
approaches, and initiatives in this direction have shown shortcomings and some-
times contrasting viewpoints and have lacked an effectively integrative vision.
Building a new framework for integrating the Triple Nexus water, energy, and
housing as a generalizable framework base for efficiently application of interre-
lated data across sectors, is a gateway to building and highlighting the impor-
tance of the creation of composite indicators in prioritizing more integrated, op-
timal, multi-sectoral, and sustainable planning and management of humanita-

rian settlements.

6. Implications

This paper proposes a framework model for sectoral data processing, integrating
water, energy and housing data into a unified platform that serves as a gateway
for formulating composite and multi-sectoral indicators widely demanded in
today’s humanitarian and development operations. The new framework is seen
as a significant improvement on humanitarian’s current practices and methods
and will generate substantial savings in terms of financial, human and time re-
sources. However, future work related to this work could be classified according
to the importance in extending the understanding system model in humanita-
rian operations. Firstly, it is obvious that such a model-driven process using spe-
cific MBSE methods should not be too academic. To make it more practical,
understandable, and readily digestible for broader practitioners and other deci-
sion-makers, future work would involve integrating MBSE-SysML with other
tools more “accessible” or “free” applications to perform co-simulation and fur-
ther analysis and validation of the framework. It’s worth noting that SysML has
its limitations, and that co-simulation would enable complex dynamic systems to
be modeled using other advanced engineering analysis tools. Therefore, in the
application of the proposed Nexus framework to the processing and manage-
ment of Nexus operational data, improvements in functionality for specific tasks
will be identified. Their impact on overall system performance will help measure
the success of the framework’s implementation. With regard to the extensibility
of the framework, and to facilitate its application to other systems or operational
areas, it is anticipated that it will be adapted to other easily accessible and usable
applications, such as MATLAB, Excel, etc. Further work will be carried out to
establish linkages between the system’s Integrated Data Platform and other ex-
isting databases, and to build specific standard operating procedures to reinforce
current systems and internal capacities.

On the operational side, technical activities include requirements engineering,
capacity analysis, and data orchestration to transform the Triple Nexus Frame-

work into a system based on context and operational data useful for planning
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and advocacy. In this respect, it is recommended to organize application trials of

the Framework in a few existing humanitarian settings responding to the three

situations: emergency phase, transitional phase, and stability phase. In addition,

a cost-benefit analysis would need to be carried out in comparison with the costs

of parallel implementation of sectoral water, energy, and housing programming

over the medium and long term. Finally, adoption of the proposed Nexus frame-

work depends largely on a strategic decision and strong commitment from stake-

holders and decision-makers in both humanitarian and development operations.

Conflicts of Interest

The author declares no conflicts of interest regarding the publication of this paper.

References

(1]

(8]

(10]

(11]

Dantas, A. and Amado, M. (2023) Refugee Camp: A Literature Review. Journal of
Urban Planning and Development, 149, Article 03123003,
https://doi.org/10.1061/JTUPDDM.UPENG-4311

Kalobeyei Settlement and Kakuma Camp Surveys Result Analysis.
Kalobeyei Responses on Shelter, Water and Energy.Pdf

Al-Saidi, M. and Elagib, N.A. (2017) Towards Understanding the Integrative Ap-
proach of the Water, Energy, and Food Nexus. Science of the Total Environment,
574, 1131-1139. https://doi.org/10.1016/j.scitotenv.2016.09.046

United Nations Human Settlements Programme (UN-Habitat) and United Nations
High Commissioner for Refugees (UNHCR) (2020) Guidance for Responding to
Displacement in Urban Areas.

Yasmin, T., Dhesi, S., Kuznetsova, 1., Cooper, R., Krause, S. and Lynch, I. (2022) A
System Approach to Water, Sanitation, and Hygiene Resilience and Sustainability in
Refugee Communities. nternational Journal of Water Resources Development, 39,
691-723. https://doi.org/10.1080/07900627.2022.2131362

Zhuang, Y.L. (2014) A System Dynamics Approach to Integrated Water and Energy
Resources Management. Ph.D. Thesis, University of South Florida, Tampa.

Elagib, N.A. and Al-Saidi, M. (2020) Balancing the Benefits from the Water-Energy-
Land-Food Nexus through Agroforestry in the Sahel. Science of the Total Environ-
ment, 742, Article 140509. https://doi.org/10.1016/j.scitotenv.2020.140509

Ghodsvali, M., Dane, G. and De Vries, B. (2023) An Integrated Decision Support
System for the Urban Food-Water-Energy Nexus: Methodology, Modification, and
Model Formulation. Computers, Environment and Urban Systems, 100, Article
101940. https://doi.org/10.1016/j.compenvurbsys.2023.101940

Mansour, F., Al-Hindi, M., Yassine, A. and Najjar, E. (2022) Multi-Criteria Ap-
proach for the Selection of Water, Energy, Food Nexus Assessment Tools and a
Case Study Application. Journal of Environmental Management, 322, Article 116139.

https://doi.org/10.1016/j.jenvman.2022.116139

Kaddoura, S. and El Khatib, S. (2017) Review of Water-Energy-Food Nexus Tools to
Improve the Nexus Modelling Approach for Integrated Policy Making. Environ-
mental Science and Policy, 77, 114-121. https://doi.org/10.1016/j.envsci.2017.07.007

Zhang, C., et al (2018) Water-Energy-Food Nexus: Concepts, Questions, and Me-
thodologies. Journal of Cleaner Production, 195, 625-639.
https://doi.org/10.1016/j.jclepro.2018.05.194

DOI: 10.4236/0japps.2024.144061

948 Open Journal of Applied Sciences


https://doi.org/10.4236/ojapps.2024.144061
https://doi.org/10.1061/JUPDDM.UPENG-4311
https://unhcr365-my.sharepoint.com/:b:/r/personal/adjahoss_unhcr_org/Documents/Desktop/PhD_Progress_2023/ANICET_INTERVIEWS_DOCS/Kakuma-Kalobeyei_Surveys/Kalobeyei%20Responses%20on%20Shelter,%20Water%20and%20Energy.pdf?csf=1&web=1&e=E2NRrH
https://doi.org/10.1016/j.scitotenv.2016.09.046
https://doi.org/10.1080/07900627.2022.2131362
https://doi.org/10.1016/j.scitotenv.2020.140509
https://doi.org/10.1016/j.compenvurbsys.2023.101940
https://doi.org/10.1016/j.jenvman.2022.116139
https://doi.org/10.1016/j.envsci.2017.07.007
https://doi.org/10.1016/j.jclepro.2018.05.194

A. Adjahossou

[12]

(13]

(14]

[15]

[16]

(17]

(18]

(19]

(20]

[21]

[22]

(23]
[24]

(25]

Weitz, N., Strambo, C., Kemp-Benedict, E. and Nilsson, M. (2017) Closing the Go-
vernance Gaps in the Water-Energy-Food Nexus: Insights from Integrative Gover-
nance. Global Environmental Change, 45, 165-173.
https://doi.org/10.1016/j.gloenvcha.2017.06.006

Vakilifard, N., Anda, M., Bahri, P.A. and Ho, G. (2018) The Role of Water-Energy
Nexus in Optimizing Water Supply Systems—Review of Techniques and Approaches.
Renewable and Sustainable Energy Reviews, 82, 1424-1432.
https://doi.org/10.1016/j.rser.2017.05.125

Ringler, C., Bhaduri, A. and Lawford, R. (2013) The Nexus Across Water, Energy,
Land, and Food (WELF): Potential for Improved Resource Use Efficiency. Current
Opinion in Environment Sustainability, 5, 617-624.
https://doi.org/10.1016/j.cosust.2013.11.002

Ringler, C., Bhaduri, A., Dombrowski, I. and Mohtar, R. (2015) Sustainability in the
Water-Energy-Food Nexus. Water International, 40, 723-732.
https://www.researchgate.net/publication/283536669 Sustainability in the water-e
nergy-food nexus

https://doi.org/10.1080/02508060.2015.1096110

Amadei, B. (2019) A Systems Approach to Modeling the Water-Energy-Land-Food
Nexus, Volume I: Defining and Analyzing the Landscape. Momentum Press, New York.

Cheshmehzang, A. (2020) Evaluating the Nexus between Housing and Energy Sec-
tors: The Comparison of Urban, Peri-Urban and Rural Housing Areas in Zhuhai,
China. Energy and Power Engineering, 12, 314-338.
https://doi.org/10.4236/epe.2020.126019

Meehan, K., Jurjevich, J.R., ef al (2020) Geographies of Insecure Water Access and
the Housing-Water Nexus in US Cities. Proceedings of the National Academy of
Sciences, 117, 28700-28707. https://doi.org/10.1073/pnas.2007361117

Dunga, S.H. and Grobler, W.C.]. (2017) The Nexus of Food and Housing Insecurity
in South Africa: The Case of Bophelong and Sharpeville Townships. International
Journal of Social Sciences and Humanity Studies, 9, 95-108.

Ostovar, A. (2020) A Study on the Impact of Water on Housing Development on
the Monterey Peninsula.
https://lookout.co/improving-housing-progress-through-clearer-insight-into-housi
ng-water-linkages/

Ladek, S., Zamora, N.A., Cameron, S., Green, S. and Procter, C. (2019) Evaluation
of UNHCR’s Data Use and Information Management Approaches, Evaluation Re-
port November 2019. UNHCR, Geneva.

The United Nations (2023) Global Water Security 2023 Assessment.
https://reliefweb.int/report/world/global-water-security-2023-assessment

Agier, M. and Lecadet, C. (2014) Un monde de camps. La Découverte, Paris.

The Word Bank & UNHCR (2016) Refugee Impacts on Turkana Hosts—A Social
Impact Analysis for Kakuma Town and Refugee Camp Turkana County, Kenya.
https://documentsl.worldbank.org/curated/en/359161482490953624/pdf/111309-R
EVISED-PUBLIC-Turkana-Social-Impact-Analysis-December-2016.pdf

Global Water Partnership (2023) Water-Energy-Food-Ecosystems Nexus.

https://www.gwp.org/en/GWP-Mediterranean/WE-ACT/Programmes-per-theme/
Water-Food-Energy-Nexus/

DOI: 10.4236/0japps.2024.144061

949 Open Journal of Applied Sciences


https://doi.org/10.4236/ojapps.2024.144061
https://doi.org/10.1016/j.gloenvcha.2017.06.006
https://doi.org/10.1016/j.rser.2017.05.125
https://doi.org/10.1016/j.cosust.2013.11.002
https://www.researchgate.net/publication/283536669_Sustainability_in_the_water-energy-food_nexus
https://www.researchgate.net/publication/283536669_Sustainability_in_the_water-energy-food_nexus
https://doi.org/10.1080/02508060.2015.1096110
https://doi.org/10.4236/epe.2020.126019
https://doi.org/10.1073/pnas.2007361117
https://lookout.co/improving-housing-progress-through-clearer-insight-into-housing-water-linkages/
https://lookout.co/improving-housing-progress-through-clearer-insight-into-housing-water-linkages/
https://reliefweb.int/report/world/global-water-security-2023-assessment
https://documents1.worldbank.org/curated/en/359161482490953624/pdf/111309-REVISED-PUBLIC-Turkana-Social-Impact-Analysis-December-2016.pdf
https://documents1.worldbank.org/curated/en/359161482490953624/pdf/111309-REVISED-PUBLIC-Turkana-Social-Impact-Analysis-December-2016.pdf
https://www.gwp.org/en/GWP-Mediterranean/WE-ACT/Programmes-per-theme/Water-Food-Energy-Nexus/
https://www.gwp.org/en/GWP-Mediterranean/WE-ACT/Programmes-per-theme/Water-Food-Energy-Nexus/

	A Triple Nexus Water-Energy-Housing (WEH) Framework Modelling towards Improved Decision-Making in Humanitarian Operations
	Abstract
	Keywords
	1. Introduction
	2. Nexus Approach in Humanitarian Operations—A Literature Review
	2.1. Data Management in Humanitarian Operations
	2.2. Access to Water, Energy and Housing in Humanitarian Settlements
	2.3. Theory of the Triple Nexus: Water-Energy-Housing (WEH)

	3. Methodology and Process
	4. Research Results
	4.1. Modelling the Triple Nexus 
	4.2. Triple Nexus Platform Design
	4.3. Triple Nexus Optimization
	4.4. Triple Nexus Framework Design

	5. Conclusion
	6. Implications
	Conflicts of Interest
	References

