Environmental Engineering

By Yvonne Madahana

Environmental engineering is a branch of engineering that focuses
on designing systems and processes to protect and improve the
environment for the health and safety of both humans and ecosystems.
This field combines principles from various disciplines, such as
chemistry, biology, and geology, to address issues related to air and
water quality, waste management, and sustainable development. The
roots of environmental engineering can be traced back to ancient
civilizations such as the Romans, who built extensive aqueducts and
sanitation systems to manage water supply and waste. In ancient
Greece and India, similar efforts were made to ensure clean water and
proper waste disposal. The modern field of environmental engineering
began to take shape in the 19th century, spurred by the Industrial
Revolution. Rapid industrialization led to severe pollution and public
health crises, necessitating the development of engineering solutions
to mitigate these problems. The cholera outbreaks in London during
the mid-1800s highlighted the critical need for improved sanitation and
clean water supply. Engineers like Sir Joseph Bazalgette designed
extensive sewer systems to address these issues, laying the
groundwork for modern environmental engineering practices.
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The 20th century saw significant advancements
in environmental engineering, driven by
increasing environmental awareness and the
need for regulatory frameworks. The
establishment of the U.S. Environmental
Protection Agency (EPA) in 1970 marked a
turning point, as governments began to
implement stringent environmental laws and
standards. The Clean Air Act and the Clean
Water Act in the United States are examples of
legislative efforts that shaped the field.

In recent decades, environmental engineering
has expanded to include emerging challenges
such as climate change, renewable energy, and
sustainable  development.  Innovations in
technology, such as advanced water treatment
processes, air pollution control systems, and
waste recycling methods, have further enhanced
the field's capabilities.

In Kenya, several universities offer programs in
environmental engineering. Notable institutions
include:
i.  University of Nairobi
ii.  Jomo Kenyatta University of Agriculture
and Technology (JKUAT)
iii.  Kenyatta University
iv.  Technical University of Kenya

Areas of Study in Environmental Engineering

Environmental engineering encompasses a wide
range of areas as highlighted below:

i. Air Quality

Environmental  engineering  focuses  on
improving air quality and reducing air pollution
through various methods, including:

a. Environmental Control Systems:
Developing and managing systems that
regulate indoor air quality and climate, such
as HVAC systems, air purifiers, and
ventilation systems. These systems are
crucial in  maintaining healthy and
comfortable indoor environments

by controlling temperature, humidity,
and pollutant levels. Environmental
engineers design and optimize these
systems to ensure energy efficiency and
compliance with air quality standards.
This involves:

HVAC Systems: Heating,
Ventilation, and Air Conditioning
(HVAC) systems are engineered to
provide thermal comfort and
acceptable indoor air quality.
Environmental engineers focus on
improving the energy efficiency of
these systems and integrating
renewable energy sources.

Air Purifiers and Filtration:
Developing advanced filtration
technologies to remove airborne
contaminants such as dust, pollen,
bacteria, and volatile organic
compounds  (VOCs). Engineers
assess the effectiveness of different
filter materials and designs to
enhance air purification.

Ventilation  Systems:  Ensuring
adequate ventilation to dilute and
remove indoor pollutants. This
includes designing systems that
balance fresh air intake with energy
conservation, utilizing technologies
like heat recovery ventilators (HRVSs)
and energy recovery ventilators
(ERVs).

Humidity = Control:  Managing
humidity levels to prevent issues such
as mold growth and maintain
occupant comfort. Engineers design
dehumidification and humidification
systems that work efficiently in
different climate conditions.

Smart Control Systems:
Incorporating smart technologies and
sensors to monitor and adjust indoor
air quality parameters in real-time.
This allows for optimized system
performance and energy usage,
contributing to sustainable building
practices.
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b. Pollution Monitoring and Control:

Using advanced sensors and instruments to
measure pollutants such as particulate matter,
ozone, nitrogen oxides, and sulfur dioxide.
Designing and implementing pollution
control technologies like scrubbers, filters,
and catalytic converters to reduce emissions
from industrial processes and vehicles.
Ensuring regulatory compliance  with
environmental laws, such as the Clean Air
Act, to maintain air quality standards.
Utilizing computer models to predict air
pollution trends and assess the impact of
different pollution control strategies.

ii.Water Quality

Improving water quality and reducing water
pollution  are  critical  aspects of
environmental engineering. This involves
designing and optimizing water treatment
processes to remove contaminants such as
bacteria, heavy metals, and organic
compounds. Pollution prevention strategies
are developed to minimize pollutants
entering water bodies, including runoff
control  and industrial ~ wastewater
management. Regular monitoring and testing
of water sources are conducted to ensure
compliance with quality standards like those
set by the EPA. Additionally, measures are
implemented to protect aquatic ecosystems
from pollutants and support biodiversity.

iii.Water Resources

Managing water resources and reducing
water scarcity is another key focus area.
Hydrology is studied to understand the
movement, distribution, and management of
water in natural and built environments.
Water conservation is promoted through
technologies like low-flow fixtures and
xeriscaping.  Sustainable water supply
solutions, such as rainwater harvesting and
desalination, are developed to address water
shortages. Integrated Water Resources
Management (IWRM) is employed to
coordinate the development and
management of water, land, and related

resources to maximize economic and social
welfare.

iv.Contaminant Process Engineering

Contaminant process engineering focuses on
treating polluted sites and reducing hazardous
waste. Site remediation methods such as
bioremediation, soil washing, and
phytoremediation are used to clean contaminated
soil and groundwater. Hazardous waste
treatment systems are designed to safely treat
and dispose of hazardous wastes, including
incineration and chemical neutralization. Risk
assessment is conducted to evaluate the potential
risks posed by contaminants to human health and
the environment, ensuring that remediation
projects meet legal and environmental standards.

v.Sustainable Development

Sustainable development in environmental
engineering involves  designing  green
infrastructure that minimizes environmental
impact, such as green roofs, permeable
pavements, and urban green spaces. The use of
renewable energy sources like solar, wind, and
biomass is promoted to reduce reliance on fossil
fuels. Lifecycle assessment is conducted to
analyze the environmental impacts of products
and processes throughout their lifecycle,
promoting sustainable practices. Sustainability
metrics are developed to measure the
sustainability of projects and practices.

vi.Engineering Geology

Engineering  geology applies geological
principles to environmental engineering.
Geotechnical investigations assess soil and rock
properties to inform the design and construction
of foundations, tunnels, and other structures.
Measures are implemented to prevent and
mitigate geological hazards such as landslides
and erosion. Groundwater studies are conducted
to understand subsurface water flow and its
interaction with geological formations. Mineral
resource management ensures sustainable
extraction and use of geological resources while
minimizing environmental impact.
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vii. Soil Mechanics

Soil mechanics is applied in environmental
engineering to improve soil properties and
enhance its strength and stability for construction
purposes. Landfill design is an important aspect,
focusing on safely containing waste and
preventing contamination of surrounding soil
and groundwater. Erosion control techniques,
such as terracing, vegetation planting, and the
use of geotextiles, are used to prevent soil
erosion. Foundation engineering involves
designing foundations for buildings and other
structures to ensure stability and prevent settling
or collapse.

viii. Materials Science

Materials science contributes to environmental
engineering by developing sustainable materials
with a reduced environmental impact, such as
recycled materials and bio-based polymers. The
durability and longevity of materials are
prioritized to reduce resource consumption by
requiring less frequent replacement. Pollution
control materials, such as activated carbon, are
created to capture or neutralize pollutants in air
and water purification processes. Additionally,
materials that improve energy efficiency in
buildings and industrial processes, such as
advanced insulation and reflective coatings, are
developed to enhance sustainability.

Importance of Environmental Engineering

Environmental engineering plays a crucial role in
safeguarding public health and preserving
natural ecosystems. Its value is increasingly
recognized in today's world due to several
factors:

e Pollution Control:  Environmental
engineers develop technologies and
strategies to reduce air, water, and soil
pollution, which are critical for
maintaining public health and ecological
balance. They design air quality

monitoring systems, wastewater
treatment plants, and soil remediation
techniques.

o Sustainable Development: The field is
integral to creating sustainable urban and
industrial ~ systems.  Environmental
engineers contribute to the design of
green buildings, renewable energy
systems, and sustainable transportation
networks, all of which are essential for
reducing the carbon footprint and
promoting long-term ecological balance.

e Climate Change Mitigation and
Adaptation: Environmental engineers
are at the forefront of efforts to combat
climate change. They work on projects
that reduce greenhouse gas emissions,
such as carbon capture and storage, and
develop adaptive strategies to protect
communities  from  climate-related
disasters like floods and droughts.

o Public Health and Safety: By ensuring
the availability of clean water, safe waste
disposal, and pollution-free air,
environmental engineers play a pivotal
role in protecting public health. Their
work prevents the spread of diseases and
ensures a higher quality of life for
communities worldwide.

e Resource Management: Environmental
engineers design systems for efficient
resource use, including  water
conservation, waste recycling, and
energy efficiency. This is critical in a
world facing resource depletion and
growing environmental concerns.

The future of environmental engineering is
promising, with increasing demand for
sustainable solutions to global challenges like
climate change, resource depletion, and
urbanization. Emerging technologies such as
artificial intelligence, nanotechnology, and
biotechnology are expected to revolutionize the
field. Additionally, there is a growing emphasis
on circular economy principles, which aim to
minimize waste and maximize resource
efficiency.
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2025 ANNUAL CONFERENCE
THEME: ENGINEERING CLIMATE CHANGE

B WED 23-FRI 25 APRIL 2025

§ UNIVERSITY OF NAIROBI TOWERS

SUB-THEMES KEY DATES:

Abstract Submission: 28 FEB 2025
Paper Submission: 31 MAR 2025
Payment Deadline : 31 MAR 2025

* Green Economy

*+ CarbonTrading

* Industrialization For Climate Change
* Agricultural Mechanization For

Climate Change CHARGES
* Waste Management For Climate Members: KES 15,000 ( $150)
Change ;

Non Members : KES 20,000 ($200)
Undergrad Students: KES 2,000 ($20)
Field Visit : KES 5,000 ($50)

Virtual: KES 5,000 ($50)

* Energy Systems For Climate Change

* Housing And Infrastructure For
Climate Change

* Irrigation and Water Resources

* ICT Systems

* Engineering Education and Practice LIPA NA M PESA
For Climate Change w

-

400 25 7 5]
| FULL NAME ]

CALL FORBOOKING For more details, visit our website or email us

www.kesebae,or.ke

@ 078871 21 56 info@kesebae.or.ke
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~“ CALL FOR PAPERS

ext Editions of the JEAE

Journal of Engineering in Agriculture and the Environment

The Journal of Engineering in Agriculture and the Environment (JEAE) is a Publication of the Kenya Society of
Environmental, Biological and Agricultural Engineers (KeSEBAE) through which researchers in the fields of
Environment, Agriculture and related fields share research information and findings with their peers from around
the globe.

The JEAE Editorial Board wishes to invite interested researchers with complete work in any relevant topic, to
submit their papers for publication in the next editions of the Journal.

Manuscripts may be submitted online or via email to:
Chairperson, JEAE Editorial Board via Email: jeae@kesebae.or.ke or Online via;
https://kesebae.or.ke/journal/index.php/kesebae/about/submissions

Criteria for Article Selection
Priority in the selection of articles for publication is that the articles:

a. Are written in the English language f. The abstract should be followed by the list of 4 to 8
b. Arerelevant to the application of engineering and “Key Words”
technology in agriculture, the environment and g. Manuscript should be single-spaced, under 4,000
biological systems words (approximately equivalent to 5-6 pages of A4-
c. Have not been previously published elsewhere, size paper)
or, if previously published are supported by a h. Should be submitted in both MS word (2010 or later
copyright permission versions) and pdf formats (i.e., authors submit the
d. Deals with theoretical, practical and adoptable abstract and key words in MS Word and pdf after
innovations applicable to engineering and which author uploads the entire manuscript in MS
technology in agriculture, the environment and word and pdf)
biological systems i. Are supported by authentic sources, references or
e. Have a 150 t0250 words abstract, preceding the bibliography

main body of the article

Our Expert Reviewers are Highly Regarded Globally and Provide Fast and Rigorous Review Services For
additional details and online support visit: https://www.kesebae.or.ke/journal/instructions.php or visit our JEAE
website at: https://kesebae.or.ke/journal/index.php/kesebae

CALL FOR ARTICLES TO KeSEBAE NEWS

KeSEBAE NEWS Editorial wishes to call for topical articles for publication in future editions of KeSEBAE
NEWS.

Please transmit the same via Email: info@kesebae.or.ke
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CALL FOR MEMBERSHIP

Be a KeSEBAE Member: PAYMENT DETAILS
The annual subscription fees, admission fees and
reinstatement fees for members of all grades (except Bank
Honorary and Life Members who shall pay no dues or
fees) are indicated below: The annual dues are as follows: Bank Absa Bank Kenya Plc
Membership  Annual  Admissi Reinstatem Branch Nairobi University Express
Category Subscript on Fees ent Fees Branch
ion Account Name = Kenya Society of Env. Bio. &
(KES)  (KES) Agric. Engineers
(KES)
Account No. 2038150696
Fellow 5,000 1,000 2,000
Swift Code BARCKENX
Member 2,000 1,000 2,000
Currency Kenya Shillings
Ass. Member 1,000 1,000 2,000
Aff. Member 500 1,000 2,000
Student 300 100 -

M-PESA DETAILS

. Pay Bill No.: 4002575
Membership Renewal M-+-PESA
Members of all grades are requested to renew their 2024 Account No: Your Full S

membership as follows. Name

Membership Annual  Subscription Fee A
Category (KES) \
Fellow 5,000 " (OWD. 9
Member 2,000 i o
Ass. Member 1,000 o0 R S0 W
Aff. Member 500
Student Member 300 Important Links
KeSEBAE https://www.kesebae.or.ke/
JEAE https://www.kesebae.or.ke/journal/
Follow Us on Social Media: EBK https://ebk.or.ke/
IEK https://www.iekenya.org/
m https://twitter.com/kesebael PASAE http://www.pasae.org.za/
o https://web.facebook.com/kesebael/ Email info@kesebae.or.ke
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