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Abstract
The study investigated the socio-economic and environmental impact of hydropower projects in Rwanda with

a case study of Rubagabaga hydropower Ltd operating from Nyabihu District. It examines the impact of a
socio-economic and environmental hydropower plant in Rwanda, identifies the challenge hydropower plants
face in Rwanda, and finally investigates the relationship between hydro powers and their socio-economic
impact in Rwanda? In this research, the quantitative research design is based on statistical data of the research
that was used with guantitative and qualitative methods. Questionnaires were used to collect data. The target
population of this study was made up of 252 participants including 154 respondents all from ten different
villages surrounding the Rubagabaga plant in Nyabihu District. Data were analyzed using descriptive and
correlation analysis and tables that were interpreted to confirm or deny the relevance of the main and specific
objectives. Based on results from table no.16 demonstrates that the beta= 0.397 with the t value of 2.333 and
the p-value of 0. 021. Since the p-value is less than 0.05, the researcher rejected the null hypothesis and
considered it an alternate. There is a strong positive relationship between environmental assessment of
hydropower plant projects and socio-environmental sustenance and development. In a nutshell, the researcher
has rejected the null hypothesis and considered its alternate. Community structure and dynamics have a
positive influence on socio-environmental sustenance and development. Table no.16 shows that beta= 0.341
with the t value of 2.668 as the p-value was 0.009. Since the p-value is less than 0.05. Therefore, the
researcher rejected the null hypothesis and considered it an alternate. According to table no.21, the changes in
community structure and dynamics of the hydropower plant project cause the increase of 0.341 (34.1%) of
the socio-environment sustenance and development. The ratio of beta modal results for the t value expressed
t=2.66 hence the probability value is significant on socio-environment sustenance and development noting
that sig. =0.009. Carefully, the researcher has rejected the null hypothesis and considered its alternate. With
this in mind, community structure and dynamics has a positive influence on socio-environmental sustenance
and development. Table no.16 has shown beta= 0.478 with the t value of 4.543 as the p-value was 0.000
which is less than 0.05. According to the findings, the changes in government policies, stability, and support
of hydropower plant project causes the increase of 0.478 (47.80%) of the socio-environment sustenance and
development. The ratio of beta modal results for the t value expressed t= 4.54 hence the probability value is
significant on socio-environment sustenance and development noting that sig. =0.000.
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1. Introducation

In a hydroelectric power plant, the energy of water is utilized for generating electricity which is pollution-
free and also inflation-free energy due to the absence of fuel costs. Apart from the clean and cost economic
nature of power, the other key advantage includes an inherent ability for prompt starting, stopping, and load
variations which helps in improving the reliability of the power system (REG, 2019).

The electricity produced from hydropower plants defines the usage of water resources towards the rise of
free green energy in the absence of fuel cost with mature technology characterized by the highest prime
moving efficiency and outstanding operational flexibility. Hydropower has astonishing positive social
impacts, both direct and indirect. Their many multiplier effects have to be measured better and made known
wider. Conventional ex-post thinking about impacts implicitly takes adverse social effects of hydropower as
inevitable, virtually impossible to prevent. The consolation is that, somehow, the positive impacts outsize
the negative ones, so that there is a trade-off (ESI-Africa, 2017).

A proactive approach requires pre-empting to the maximum extent possible the adverse effects from
occurring, preventing them, and reducing the risks which cannot be pre-empted. There are many good
practices and tried-out solutions, as the following papers in sessions show and particularly innovative
experiences in China which indicate the great potential of thinking and acting differently, non-
conventionally for identifying risks and overcoming the socially adverse effects.

For identifying the social impacts of the hydropower plant, it is much better to take not a piecemeal, single-
plant by single-river perspective, but rather a river-basin strategic development perspective. Opportunities
and needs that are less visible in a single-plant approach appear clearer when a broader river-basin horizon is
embraced. The identification of social risks must logically be the first premise of any responsible
consideration of the social impacts of the hydropower plant building. That requires risk prediction and
analysis as part of the very concept and design of a hydropower plant building project. It also requires open
and explicit discussion of risks and counters risk remedies by all stakeholders, including in this concept the
project's owners, planners, implementers, the project area's inhabitants, and all the project's beneficiaries.

Developing communities face a different level of cost-benefit analysis than developed communities when it
comes to large infrastructure developmental projects. Having a variety, of socioeconomic statuses within a
small geographic area presents an opportunity for the disparity in impact based on environmental changes.
Hydropower plants are a primary example of a large infrastructure project that presents an opportunity for
economic development, while also leading to environmental changes that consequentially feedback to social
and economic values of communities downstream.

Hydropower plants have the potential to produce a variety of positive and negative impacts on the
surrounding people and environment. To make sure there is the maximization of the benefits of Hydropower
plants in Rwanda, the valuable relationship between communities and their river networks must be done and
has been done through an ESIA (Environment and Social Impact Assessment). Often limited funding,
foreign investments, and time restrictions cause developers to cut corners leaving socioeconomic impact
unaccounted for. With highly valued ecosystems and people who closely rely on the land for their
livelihoods, it is important to take all possible impacts into account (Energy pedia 2018).

Rubagabaga hydropower plant located on the Rubagabaga River in Western Province, Rwanda. Rubagabaga
hydropower plant was built in 2018 and was the first to be built on the Rubagabaga River with a capacity to
feed the grid with 450KwH, and for that reason, this power plant inarguably changed the Rubagabaga River.
Like all infrastructure development, the power plant presents direct costs and benefits to the local
community and country at large, while also placing externalized costs on the local communities supported
by the Rubagabaga River and the surrounding environment.

According to Rwanda Energy Group (REG), Rwanda’s hydropower sector showed a big development over
the last decade. Currently, Rwanda’s overall installed capacity is 226.7MW of which 48.3% is hydropower
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contributed. Involving independent power producers was a good move by the government to achieve this
milestone. A favorable legal and regulatory environment for private investors in this area was equally a
contribution by the government mainly through the IPPs (EUCL, 2018).

The other way was through Public-Private Partnerships whereby some government-owned hydropower
plants were leased to private investors to operate and maintain. REG reports that 35 hydropower plants are
grid-connected and add up to 109.712 MW and these include national and shared regional power plants.
Hydropower makes up approx. 48.3% of the total installed capacity. Hydropower plants are publicly owned
and operated, leased to private companies, or privately owned independent power producers. The publicly-
owned power plants are managed by the national utility REG/EUCL. They include larger plants such as
Ntaruka, Mukungwa, and Nyabarongo I. Independent power producers own and operate 5 plants (10 MW).
Other 8 power plants (13 MW) are privately operated through leasing agreements with the Government of
Rwanda (EUCL, 2018).

It is further reported by REG that 11 micro hydropower plants MW exist in Rwanda as isolated networks.
These plants were originally developed by the GoR, and handed over to private sector management to
increase the private sector contribution to energy generation. GoR has recently leased out these sites to a
private investor to better operate, upgrade and connect them to the grid. There are also Pico hydropower
plants in the range of 1-10 kW which are either publicly owned or operated by the local communities or
entirely private.

The country is, therefore, utilizing less than 10% of its local electricity potential, excluding a substantial
solar resource, while incurring a large foreign outflow. Rwanda's electricity tariff was estimated to be about
22.2% more expensive, compared to the highest electricity tariff of other East African Community (EAC)
countries. The reports of the Electricity Access Roll-out Programme (EARP) also show that the number of
new customer connections increased from 364,000 households in June 2012 to more than 700,000
households (31% of the total households in Rwanda) in 2017.

The Rwanda government's objective targets a reliable, efficient, and affordable power supply to improve the
living standards of all its population (AFDB, 2013; USAID, 2016). The electric power production capacity
and electricity access are low, and the size of the infrastructure is insufficient to meet the demand. Aging
infrastructure, inefficiencies, exacerbated by high technical and power losses (REG. 2017), require urgent
and timely intervention to achieve the avowed energy targets (World Bank, 2017). Based on available
information from REG Report, currently, 42% of the population has access to electricity: 31% grid-
connected and 11% off-grid (EDCL, 2018). The electricity per capita annual consumption for half of its
consumers is below 20 kWh per month. To fulfill its mission and vision, the Rwanda Energy Group (REG)
decided to: "increase generation, improve transmission, diversify energy sources, reduce costs, and produce
elaborate conducive legal and regulatory frameworks” (REG, 2017).

2. Problem Statement

Commufnity-based hydropower plants are being explored as a viable means to harness the country's vast
hydropower potential and to sustainably transition from conventional sources of energy into modern energy
services and to extend the access to and availability of renewable energy to all community members with
attention to vulnerable members like women (FDRE 2017). However, several obstacles may affect the long-
term feasibility of community-based hydropower plants such as poor institutional capacity, lack of
coordination, and inadequate implementation (Sovacool et al. 2011).

Diverse power relations within the socio-economic and environmental dimensions have negatively as well
as positively affected an equal distribution of benefits from micro-energy especially in the context of the
global south (Nightingale 2011). It is often assumed that electrification primarily benefits society and the
environment as they are the ones who are responsible for most of the activities in place (Winther et al.,
2017). This assumption potentially swells distinct differences in terms of energy needs which produces
different outcomes for both aspects and are not fully reflected in energy justice (Bell, 2016).

Despite the successful electrification in Rwanda, various difficulties have been identified. For example,
displacement, climate change, deforestation, are currently not compensating what they have extracted from
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the global ecosystem. The energy justice and the impacts of the electrification project, especially on
indigenous, are yet to be explored. Consequently, the aim of this paper is critical to assess these regarding its
contribution to energy justice directing particular attention to socio-economic and environmental impacts.
The study highlights the importance of incorporating society dimensions into the energy framework and
contributing to the hydropower plants projects in Rwanda.

3. Objectives of The Study
General Objective
This study investigated the effect of hydropower plant projects on socio-environmental sustenance and
development in Rwanda.
Specific objectives
1. The following specific objectives were formulated to guide the study:
2. To establish the effect of Environmental assessment of hydropower plant project on socio-
environmental sustenance and development in Rwanda.
3. To investigate extend of the Community Structure and Dynamics of hydropower plant project on
socio-environmental sustenance and development in Rwanda.
4. To establish the effect of Government policies, stability, and support on socio-environmental
sustenance and development in Rwanda.

4. Research Questions
1. To what extend does Environmental assessment of hydropower plants assist in socio-environmental
sustenance and development in Rwanda?
2. How do Community Structure and Dynamics of hydropower plants help in socio-environmental
sustenance and development in Rwanda?
3. What is the contribution of existing government policy, stability, and support in socio-environmental
sustenance and development in Rwanda?

5. Review Of Literature
5.1 Concept of variables

5.1.1. Hydropower plant project

Humans have been shaping the earth’s landscape since the beginning of their existence. In the same way that
trees are cut down to make way for roads, hydropower plants have been built to manipulate and divert water
bodies for human benefit (Bayeh, & Endalcachew, 2015).

In this regard, developing communities face a different level of cost-benefit analysis than developed
communities when it comes to large infrastructure developmental projects. Having a variety of
socioeconomic statuses within a small geographic area presents an opportunity for the disparity in impact
based on environmental changes (Bickerstaff, Karen, Walker, & Bulkeley, 2013).

Most communities, from a village to a city are located adjacent to a body of water. Communities depend on
rivers for basic needs until they became the next most efficient source of available power for industrial
development, pulling people away from networks of navigable waters, and sprawling communities across
the landscape (Cornwall, 2008; Cecelski, Elizabeth, 2006).

As global energy production shifts away from fossil fuels, and domestic production of energy is increasingly
desired. Decision-makers are revisiting hydroelectric hydropower plants as a means to increase energy
security and support economic growth and development (Modern hydropower, 2007).

Since hydropower is the original "fuel” of global development, looking back to the industrial revolution, it is
no surprise that developing nations are increasingly turning to hydropower plants to increase domestic
electricity production and distribution (Modern hydropower, 2007).
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5.1.2. Socio-environmental sustenance and development

The socio-environmental sustenance and development include an increase in access to public goods and
services, domestic security, and energy security. Externalized costs and benefits must be weighed to
determine the overall impact of a developmental project in the social and environmental realm. Where
economic incentive exists; typically, social benefits exist as well. Hydropower plant projects have the
potential to manipulate rivers to benefit local populations. Flood protection is an important service that
allows communities to live comfortably along a river without fear of volatile flood patterns (Yuksel, 2009).

The hydropower plants provide increased water supply for arid populations and increase livelihood value
(Workman, 2009). In many scenarios, they are used for hydroelectric production supports other uses such as
irrigation contributing to occupations in the agricultural industry, tourism, research, and study with service
development (Workman, 2009). In addition, hydropower plants have the potential to increase the
navigability of waterways allowing increased river transportation of goods and services for the local people
(Yuksel, 2009). In many developing nations, hydroelectric power provides electricity generation where other
forms are not possible due to limited infrastructure or limited import of fossil fuels (Evans et al., 2009).
Communities are centered around rivers and other bodies of water because they rely on water as a resource.
In some cases, communities could become isolated from others if river travel is the easiest and most
efficient form of transportation. Isolating communities could have detrimental impacts on livelihoods by
limiting trade of goods and services once depleted the groundwater or the riverbed is deepened by the
project (Yuksel, 2009).

5.1.3. Environmental assessment
An Environmental Impact Assessment (EIA) is a systematic process used to identify, evaluate and mitigate

the environmental effects of a proposed project before major decisions and commitments being made". It
thus also figures as a means to ensure that projects are implemented with full awareness of environmental
factors. An EIA normally results in an Environmental Management Plan (EMP) that elaborates mitigation
and monitoring measures. In most industrialized countries EIAs are legally required when a proposed
(hydropower) project exceeds a certain size (Barros, et al. 2011).

5.1.4. Community Structure and Dynamics

Understanding community structure and dynamics enable community ecologists to manage ecosystems
more effectively. Foundation species may physically modify the environment to produce and maintain
habitats that benefit the other organisms that use them. Community dynamics are the changes in community
structure and composition over time. Sometimes these changes are induced by environmental disturbances
such as volcanoes, earthquakes, storms, fires, and climate change. Communities with a stable structure are
said to be at equilibrium. Following a disturbance, the community may or may not return to the equilibrium
state. Succession describes the sequential appearance and disappearance of species in a community over
time. In primary succession, newly exposed or newly formed land is colonized by living things; in
secondary succession, part of an ecosystem is disturbed and remnants of the previous community remain
(Agarwal & Bina, 2001).

5.1.5. Governmental policies, stability, and support

The Guideline aims to provide policy guidance to the agencies responsible for overseeing the
implementation of investment projects in the hydropower sector as well as to inform and encourage project
developers/investors to be aware of the Government policy toward achieving sustainable development. One
of the challenges in creating public-private partnerships is for governments to create an appropriate
environment to attract private investment. When governments implement policy decisions and resolve
political conflicts through the legislative and regulatory process, their role is objectively to carry out the will
of the body politic (Barros, et al., 2011).

5.2 Theoretical Review

Dr. MUTESI Jean Claude, IJSRM Volume 10 Issue 01 January 2022 [www.ijsrm.in] EM-2022-2892



5.2.1 Sustainable Development theory

Hydropower and Sustainable Development is broadly discussed topic. There are two dominant views when
it comes to hydropower and its role in Sustainable Development. International River Network (IRN 2004)
on the one hand states that “the technology can only play a role in sustainable energy development if its
planning and management are subject to strict guidelines and criteria, alternatives are fully considered and
projects are implemented through transparent and accountable processes”. This perspective has led several
financing organizations to develop guidelines and criteria for hydro facilities, with the most famous being
the World Commission on Dams report in 1998. European Small-Hydropower Association (2004), on the
other hand, describes very hauntingly the general view of most project developers concerning impacts on the
environment, regarding the fact, that the production of hydroelectricity does not emit polluting substances,
electricity from a hydropower plant could be considered as clean. What can be added is that special care has
to be taken to limit the local environmental impacts of the turbine setting and operations on the ecosystem
where the turbine acts.

5.2.2 Neoclassical sustainability of the growth Theory

The neoclassical theory of growth (or development) considers the increase of production and, therefore, of
disposable income in higher levels of consumption as a solution to poverty for progress and development.
The neoclassical approach is based on the assumption that the capacity for self-regulation (Tietenberg, 2006)
of free markets and not bound, and technological advances can ensure the capacity of substitutions endless
between the various forms of capital, mitigating so, the constraints arising from the possible scarcity of
resources, allow sustainable growth, a level of consumption does not decrease over time. The rule provides
that if royalty or user cost (Tietenberg, 2006) generated by the extraction, according to an efficient plan, of
non-renewable resources are fully saved and reinvested in renewable capital, the level of resulting
investment would be sufficient to provide a value of the capital stock (economic) at least constant over time,
making it possible product levels and consumption of non-decreasing (i.e: the sustainability of
development). Thus becomes almost irrelevant the fact that is limited the availability of natural resources
also non-renewable. Consumption levels may remain non-decreasing with exhaustible resources that
decrease (Musu., 2003), if you do so that the capital stock remains unchanged at least, guaranteeing in any
period an adequate investment in man-made capital.

5.3 Empirical Review

5.3.1. Environmental assessment and Socio-Environmental Sustenance & Development

Local people usually have more experiences of neighboring areas as they use them more than others and are
therefore assumed to develop a stronger attachment to the areas. Thus, their opposition to environmental
change is expected to be greater than those with weaker place attachments. This relationship has been
studied empirically and evaluated the connections between place attachment and the local opposition against
a proposed hydropower plant project in an area. It was shown that the stronger local people felt attached to
the proposed area the more positive they were towards development, indicating that a power plant in the
area would increase the place attachment (AFDB, 2013).

On the other side of the fence is the Ministry of Infrastructure which has to provide more citizens with
access to electricity and deliver a stable supply of energy to businesses. To date, only 46% of Rwandans
have electricity. There are however frequent power cuts that affect the production and competitiveness of
companies, particularly in the north and in rural areas. It is hard to avoid the impression that the government
is too hasty in collaborating with private foreign investors. In recent years, the intervention in bidding
processes on several occasions. It deemed the pace of progress of these large-scale projects too slow. The
notorious tardiness of the authorities responsible for the drawing-up and granting of the necessary
environmental and social impact assessments encourage many bidders to circumvent the requirements. This
undermines the trust of all concerned in achieving a fair solution (Beaty, 2000). Regarding environmental
impacts, according to the village leaders and cooperative members, the plants do not have many negative
impacts on the environment. Quite the contrary, it is reported that the reduced rates of deforestation after
electrification of the villages. Environmental problems such as landslides and sedimentation occur instead
due to population growth and agricultural expansion that are pushed by hydropower construction (Meder,
2011).
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More so, problems of displacement caused by global hydropower development and proposes a new solution
that incorporates national and international accountability and provides more protection of the human rights
of displaced persons. The current trend of involuntary displacement for hydropower development projects
with specific examples from three countries depicts how nations vary in displacement practices but are
nonetheless all unfair to indigenous populations, leading to global human rights violations. It is proposed as
a global solution to this involuntary displacement problem by involving both national and transnational
actors. Nations should, by law, protect their populations from government takings and provide them with
opportunities for effective participation and adequate reimbursement (Bailey, 2014).

5.3.2. Community Structure & Dynamics and Socio-Environmental Sustenance & Development

In reality, the performance of a hydro-power plant is mainly determined by the parameters of the water that
has been directed to the turbine. According to Singh & al. (2011), some of these parameters include the
effects of water inertia, water compressibility, and pipe wall elasticity in the penstock. The effect of water
inertia is to ensure that changes in turbine flow do normally lag behind changes in turbine gate opening for a
smooth operation. On the other hand, the effect of elasticity introduces some elements of pressure and flow
in the pipe, a phenomenon known as water hammer. Other parameters of the flowing water also affect the
flow of water and indirectly affect the turbine speed which is directly connected to the generator. To have
constant power generation it is, therefore, necessary to implement strong control measures to overcome the
variability of the initial flowing water (Singh & al. 2011). Today, the debate about the social liabilities of
hydropower development revolves around population displacement and forced resettlement. These are grave
issues indeed. Yet, they are not intractable. Three elements explain why displacement processes have
overtaken much of the debate around hydropower plants, both in developing countries and developed ones.
First, the magnitude of human impacts that is large groups of people is adversely affected, profoundly and
enduringly, by imposed material losses and social disruptions. Second, absent, or weak regulation
frameworks reflected as policies and laws for socially responsible resettlement are still missing now, at the
start of the 21st century, in most developing countries. Human rights violations bedevil most displacements.
Third, under-financing that incorporates classic economic theory regards cost externalization as an unsound
and unacceptable practice (Asemota, & Li, 2018).

5.3.3. Governmental policies, stability & support and Hydropower Projects

Areas, where it may be appropriate for the government to play a role, include national energy planning;
resource evaluation; market evaluation; least-cost-planning; providing access to expertise; eliminating
obstacles to equitable markets; project oversight and evaluation; and assistance in providing access to capital
and financing (Alam, 2013).

One of the challenges in creating public-private partnerships is for governments to create an appropriate
environment to attract private investment. When governments act in their sovereign role as guardians of the
public welfare, they are essentially providers of public goods and services, which in turn may be delivered
through public or private channels. When governments implement policy decisions and resolve political
conflicts through the legislative and regulatory process, their role is objectively to carry out the will of the
body politic (McCauley et al., 2013). In addition, to technological efforts, government intervention in
hydropower management and regulation should not be ignored. National, regional, and local governments
can establish effective measures to promote the implementation of hydropower and other renewable energy
projects, to regulate and govern hydropower electricity utilization, to assist managers with flood-control
operations during high flow episodes and improve water usage procedures during drought periods, and,
ensure the safety of environmental, eco-system, and socio-economic sectors (Gross, Catherine, 2007).

5.4. Conceptual Framework
Figure 1: Figure identifying the variables of the research.
Hydropower Projects Socio-Environmental Sustenance

and Development

Environmental assessment

o Public Acceptance to Change
o Infrastructure development and job creation —
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Source: Researcher (2021)

6. Materials And Methods

This study was descriptive because it describes the socio-economic and environmental impacts and
hydropower in Nyabihu District. Moreover, the researcher used descriptive design because this study intends
to explore the relationship between variables studied.

Target population
The target population of this study was a total number of 252 households including people from villages
immediately neighboring the plant in the sector in Nyabihu District.

Sample size and sampling proceduresA sample was a smaller set of standards designated from the
determination of the sample size of this research was indicated as 154 based on Solvins’ formula as stated
below and declares that for a population of 252 individuals or households, the sample can be 152 as sample
size. The sample size was 154 as the total sample made of people from the local community with a close
relationship with the Rubagabaga hydropower plant project located in the District. Given: n = Sample size;
N =Study population; e= margin of error which determined based on the confidence level (expressed in
percentages). For this study, the sample is calculated as follows:

N= 252; Confidence level=95% thus, e=0.05.

n=N/(1+N(0.05)"2). Then, n=252/(1+252(0.05)"2) = 154.

In this study, simple random sampling is applied to all villages surrounding the hydropower plant.

Data Collection Instrument

Questionnaire technique

Majority of the questions were multiple-choice, closed-ended questions based on a five-point Likert scale
that are namely 1 = strongly disagree, 2 = disagree, 3 = neutral, 4 = agree, 5 = strongly agree. Certain means
were calculated from the results to make a comparison between different aspects possible. The
questionnaires are mode of closed questions and were distributed to the respondents who are of course able
to answer these questions that finally serve to get rich data enabling the researcher to properly achieve the
objectives. This method helped the researcher to save time because in a short time all the informants had
finished responding, hence the sufficient time to the researcher for data preparation

Data Analysis Methods

The collected raw data was inspected to ensure it is complete and accurate. Questionnaires were organized
and classified according to the study objectives. Qualitative data were classified and coded into themes and
concepts for analysis based on the objectives of the study. This study employed Karl Pearson's coefficient of
correlation. Karl Pearson's coefficient of correlation is a method that was used for measuring the degree of
relationship between two variables. Since the symbol used to identify Pearson's Correlation Coefficient is a
lower case "r", it is often called "Pearson's r". This coefficient assumes that there is a linear relationship
between the two variables that the two variables are causally related which means that one of the variables is
independent and the other one is dependent, and a large number of independent causes are operating in both
variables to produce a normal distribution.

Description of Descriptive statistics

The mean is the balance point of the data or the measure of the center of a distribution of a quantitative
variable (Freanckel & Wallen, 2006). The researcher evaluated the mean by using these equivalences which
are found in the table. These equivalences of mean helped to know the perception of each group about the
sub-variables.

Correlation Analysis

Dr. MUTESI Jean Claude, IJSRM Volume 10 Issue 01 January 2022 [www.ijsrm.in] EM-2022-2895



Pearson correlation coefficient is a statistical measure of the strength of a monotonic relationship between
paired data. In a sample it is denoted by and is by rs design constrained as follows: -1<r; <1

Khi-Square Test

The model that used in this study is the Khi-square test distribution, this facilitated to verification of the
possible relationship between two categorical variables. Its symbol is "x squared” (x?). This is a commonly
used statistical procedure. The Khi-Square statistic appears as an option when requesting a cross-tabulation
in SPSS.

The output is labeled Khi-Square Tests; the Khi-Square statistic used in the Test of Independence was
labeled Pearson Khi-Square. This statistic can be evaluated by comparing the actual value against a critical
value found in a Khi-Square distribution. Khi-Square allows the researcher to answer important questions
with variables measured with nominal or ordinal scales. The calculation of Khi-square statistics was given
as follow:

: (f, = £
X=X
Where: f, = the observed frequency (the observed counts in the cells), and fe= the expected frequency if no
relationship existed between the variables. A Khi-square test gives a p-value. The p-value tells if test results
are significant or not. To perform a Chi-square test and get the p-value, you need two pieces of information:
degrees of freedom. That’s just the number of categories minus 1.
The alpha level (o). This is chosen by the researcher. The usual alpha level was 0.05 (5%), to conclude the
hypothesis with 95% confidence, the value labeled Asymp. Sig. (which is the p-value of the Khi-Square
statistic) should be less than 0.05 (which is the alpha level associated with a 95% confidence level).

Regression analysis

Regression analysis is a set of statistical methods used for the estimation of relationships between a
dependent variable and one or more independent variables. It was utilized to assess the strength of the
relationship

7. Results and Discussions of Findings

Supportively, the study has worked on specific objectives establishing the effects of environmental
assessment of hydropower plant project, the extend of community structure and dynamics of hydropower
plant project, the effect of government policies, stability, and support on socio-environment sustenance and
development in Rwanda. The data obtained from the field has been presented in form of quantitative which
allowed us to give accurate explanations of the findings in general. Using descriptive statistics was helpful
in terms of simplifying a large amount of data easily and sensibly. It is very easy to summarize the data and
consider a small number of variables and data which easy the interpretation.

7.1 Findings in Regression analysis

7.1.1 Testing objective one: the effect of Environmental assessment of hydropower plant project on socio-
environmental sustenance and development in Rwanda.

Table 1: ANOVA table for the relationship between Environmental assessment of hydropower plant
project on socio-environmental sustenance and development

ANOVA
Model Sum of Squares df Mean Square F Sig.
1 |Regression 781 4 195 3.423 .011°
Residual 7.876 138 .057
Total 8.657 142

Source: Field data (2021)

ANOVA table Nol provided summarized information for the effect of environmental assessment on social-
environmental sustenance and development in Rwanda. The regression equation shows how that the data are
fit and predict the changes happening to the dependent and independent variables through a statistical
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significance the p-value equivalent to 0.11 which is under 0.05. Meaning that p<0.05. To wind up, the
regression model is observed as statistically strong and the variables are significant.

Table 2: Model summary table of the relationship between Environmental assessment of hydropower
plant project on socio-environmental sustenance and development
Model Summary

Std. Error of the
Estimate
.23890

Model R
1 .300°
Source: Field data (2021)

Usually, the R-value indicated the rate at which two variables correlated which is supported by the R square
indicating the total variation between the variables. The R-value was estimated to be 0.300 indicating a
positive relationship between the variables. The R square demonstrated a value of 0.09 or estimated to 9%
indicating the total variation at which environmental assessment of hydropower project and socio-
environmental sustenance and development affect each other. All in all, there is a relationship existing
between environmental assessment of hydro plant project and socio-environmental sustenance and
development, and the relationship can be explained.

R Square Adjusted R Square

.064

.090

7.1.2 Testing objective two: the extend of Community Structure and Dynamics of hydropower plant project
on socio-environmental sustenance and development in Rwanda

Table 3: ANOVA table of the relationship between Community Structure of hydropower plant project on
socio-environmental sustenance and development

ANOVA
Sum of
Model Squares Df Mean Square F Sig.
1 Regression 468 5 .094 5.190 .000
Residual 2.469 137 .018
Total 2.937 142

Source: Field data (2021)
The ANOVA table No3 provided summarized information for the extent of community structure and
dynamics of hydropower plant projects on social-environmental sustenance and development in Rwanda.
The regression equation shows how that the data are fit and predict the changes happening to the dependent
and independent variables through a statistical significance the p-value equivalent to 0.000 which is under
0.05. Meaning that p<0.05. Hitting the point, the regression model is observed as statistically strong and the
variables are significant.

Table 4: Model summary table of the relationship between Community Structure of hydropower plant
project on socio-environmental sustenance and development
Model Summary

Std. Error of the
Estimate
13425

Model R
1 399
Source: Field data (2021)

As per table No4, the model summary shows how the community structure of the hydropower plant project
affects the socio-environmental sustenance and development. The data demonstrated the proofs for the
second objective of this study. Two important values that are R and R square demonstrated the rates at
which the relationship between two variables is established. Usually, the R-value indicated the rate at which
two variables correlated which is supported by the R square indicating the total variation between the
variables. The R-value was estimated to be 0.399 indicating a positive relationship between the variables.
The R square demonstrated a value of 0.159 or estimated to be 15.9% indicating the total variation at which
community structure of hydropower project and socio-environmental sustenance and development affect
each other. In a nutshell, there is a relationship existing between the Community structure of the hydropower
plant project and socio-environmental sustenance and development, and the relationship can be explained.

R Square
159

Adjusted R Square
129
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7.1.3 Testing objective three: the effect of Government policies, stability, and support on socio-

environmental sustenance and development in Rwanda

Table 5: ANOVA table of the relationship between Government policies, stability, and support of
hydropower plant project on socio-environmental sustenance and development

ANOVA
Sum of Mean
Model Squares Df Square F Sig.
1 Regression 479 3 160 14.880 .000"
Residual 1.493 139 011
Total 1.972 142

Source: Field data (2021)

The awareness of the environment goes back to the past as the action is taken only aimed at protecting and
conservation of the environment under active circumstances and political benefits. The ANOVA table No5
provided summarized information for the effect of Government policies, stability, and support on social-
environmental sustenance and development in Rwanda. The regression equation shows how that the data are
fit and predict the changes happening to the dependent and independent variables through a statistical
significance the p-value equivalent to 0.000 which is under 0.05. Meaning that p<0.05. To wind up, the
regression model is observed as statistically strong and the variables are significant.

Table 6: Model summary table of the relationship between Government policies, stability, and support of
hydropower plant project on socio-environmental sustenance and development
Model Summary

Std. Error of the
Model R R Square Adjusted R Square Estimate

1 .493° 243 227 .10363
Source: Field data (2021)

Interpreting table No6, the model summary shows how government policies, stability, and support of
hydropower plant projects affect the socio-environmental sustenance and development. The data
demonstrated the proofs for the third objective of this study. Two important values that are R and R square
demonstrated the rates at which the relationship between two variables is established. Usually, the R-value
indicated the rate at which two variables correlated which is supported by the R square indicating the total
variation between the variables. The R-value was estimated to be 0.493 indicating a positive relationship
between the variables. The R square demonstrated a value of 0.243 or estimated to be 24.3% indicating the
total variation at which government policies, stability, and support of hydropower plant projects and socio-
environmental sustenance and development affect each other. Briefly, there is a relationship existing
between Government policies, stability and support of hydropower plant projects, and socio-environmental
sustenance and development, and the relationship can be explained.

7.2. Predicting the Effect of Objectives
Table 7: Coefficient of hydropower plant projects on socio-environmental sustenance and development

Coefficients
Unstandardized Standardized
Coefficients Coefficients
Model B Std. Error Beta t Sig.
1 |Environmental assessment 3.012 1.291 .397 2.333 .021
2 |Community  Structure  and| , g4 1.066 341 2668 | .009
Dynamics
3 | Government policies, stability, 2590 570 478 4543 000
and support

Source: Field data (2021)

Dr. MUTESI Jean Claude, IJSRM Volume 10 Issue 01 January 2022 [www.ijsrm.in] EM-2022-2898



Table No7 above showed that beta is 0.397 with the t-value of 2.333 as the p-value was 0.021. The p-value
is less than 0.05. Therefore, we rejected the null hypothesis and considered it alternate. There is a strong
positive relationship between environmental assessment of hydropower plant projects and socio-
environmental sustenance and development. The beta is also equal to 0.341 with the t value of 2.668as the p-
value was 0.009. The p-value is less than 0.05. Therefore, we rejected the null hypothesis and considered it
alternate. There is a strong positive relationship between the community structure of the hydropower plant
project and socio-environmental sustenance and development. The table above shows beta= 0.478 with the t
value of 4.543 as the p-value was 0.000. The p-value is less than 0.05. Therefore, we rejected the null
hypothesis and considered it alternate. There is a strong positive relationship between government policies,
stability, and support on socio-environmental sustenance and development

7.3. Chi-square test
Chi-square test of Environmental assessment

Table 8: Chi-square test of Environmental assessment

Chi-Square Tests
Asymp. Sig. | Exact Sig. | Exact Sig.
Value df (2-sided) (2-sided) | (1-sided)
Pearson Chi-Square .043° 1 .835
Continuity Correction® .000 1 1.000
Likelihood Ratio .085 1 770
Fisher's Exact Test 1.000 .958
Linear-by-Linear Association .043 1 .835

Source: Field data (2021)

As per table No8, the chi-square test for the environmental assessment is presented. The test indicated the
asymptotic sig. value (2-sided) which has shown the Pearson value for the environmental assessment
estimated at 0.835. This p-value demonstrated that the p-value exhibited a high strong and positive
relationship linking two variables. Therefore, environmental assessment contributes to the improvement of
socio-environmental sustenance and development in Rwanda.

Chi-square test of Community Structure and Dynamics

Table 9: Chi-square test of Community Structure and Dynamics

Chi-Square Tests
Asymp.
Sig. Exact Sig. | Exact Sig.
Value df (2-sided) | (2-sided) (1-sided)
Pearson Chi-Square .029° 1 .865
Continuity Correction® .000 1 1.000
Likelihood Ratio 057 1 812
Fisher's Exact Test 1.000 972
Linear-by-Linear Association .029 1 .866

Source: Field data (2021)

According to table No9, the chi-square test for the community structure is projected. The test indicated the
asymptotic sig. value (2-sided) which has shown the Pearson value for the environmental assessment
estimated at 0.865. This p-value demonstrated that the p-value has shown that there is a positive and strong
relationship linking two variables. Therefore, community structure contributes to the improvement of socio-
environmental sustenance and development in Rwanda

Chi-square test of Government policies, stability, and support

Table 10: Chi-square test of Government policies, stability, and support
Chi-Square Tests
Asymp. Sig. (2- | Exact Sig. (2- | Exact Sig. (1-
Value | df sided) sided) sided)
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Pearson Chi-Square .043% 1 .835
Continuity Correction® .000 1.000
Likelihood Ratio .085 1 770
Fisher's Exact Test
Linear-by-Linear
Association
Source: Field data (2021)

As per table No10, the chi-square test for the government policies, stability, and support is presented. The
test indicated the asymptotic sig. value (2-sided) which has shown the p-value or Pearson value for the
environmental assessment estimated at 0.835. This p-value demonstrated that there is a high and positive
relationship linking two variables. In closing, environmental assessment contributes to the improvement of
socio-environmental sustenance and development in Rwanda.

[EEN

1.000 .958

.043 1 .835

7.4. Correlation analysis
Table 11: Correlation matrix of hydropower plant projects on socio-environmental sustenance and
development

Socio- Environmenta . Government
: Community -
environmental | assessment policies,
Structure and -
sustenance and i stability, and
Dynamics
development support
Socio-environmental
sustenance and 1
development
Environmental assessment 533** 1
Community Structure and x o
Dynamics 493 272 1
Government policies, 398%* D 208* 1
stability and support ' ' '
* Correlation is significant at 0.5 level (2-tailed)
** Correlation is significant at 0.01 level (2-tailed)

Source: Field data (2021)

As a simple interpretation from the table per Nol11, the correlation exists between Environmental assessment
and socio-environmental sustenance and development in Rwanda it was measured at 0.533**. This value
shown from the table above signifies how strong the relationship between the variables is as it is a positive
degree to which Environmental assessment and socio-environmental sustenance and development. We
noticed that the p-value was 0.000 (2-tailed) which also supports the fact that there is a strong and positive
linear connection between the two variables tested in this study. Moving forward, the researcher has
accepted the hypothesis above by saying that Environmental assessment has a significant positive effect on
the success of socio-environmental sustenance and development.

Studying the table as per noll, the correlation exists between Community Structure and Dynamics and the
successfulness of socio-environmental sustenance and development was measured at 0.493**. This value
shown from the table above signifies how strong the relationship between the variables is as it is a positive
degree to which Community Structure and Dynamics and socio-environmental sustenance and development.
Additionally, we noticed that the p-value was 0.000 (2-tailed) which also supports the fact that there is a
strong and positive linear relationship between the two variables tested in this study. In closing, the
researcher has accepted the hypothesis above by saying that Community Structure and Dynamics have a
significant effect on socio-environmental sustenance and development.

Looking over the table per noll, the correlation between Government policies, stability and support, and
socio-environmental sustenance and development in Rwanda were found to be at 0.398**. This value shown
from the table above demonstrates how strong the relationship between the variables is as it is a positive
degree to which Government policies, stability and support, and successfulness of socio-environmental
sustenance and development. We noticed that the p-value was 0.000 (2-tailed) which also supports the fact
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that there is a strong and positive linear connection between the two variables tested during the research. To
sum up, the researcher has accepted the hypothesis above by saying that Government policies, stability, and
support have a significant effect on socio-environmental sustenance and development in Rwanda.

8. Conclusion and Recommendations

Due to the remarkable role that hydropower plants have demonstrated in boosting the social standards of
people, there is a need to input continuous efforts for both private and public sectors and encourage the
individual to take care of the existing energy. There is a need in encouraging projects proposals reflecting
on environmental assessment and projects funding strategies should be renewed. Although a higher
percentage of sources that product hydropower and other related power have already been discussed, a small
percentage need to be discovered and this can be applied once the initiative in exploring the availability of
energy expansion and proposals can be a great start. One of the most important purposes that proposals
contribute to the decision-makers includes easily projected outcomes.

Depending on past experiences, different types of and sources of hydropower-based energy including
watersheds, rivers, and electric power plants which have been discovered but which all abide by the projects
proposed form individuals and organizations in general. Both public and private institutions should work
toward improving the level of technology that is used in producing hydropower-based energy
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