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WORLD FEDERATION OF ENGINEERING ORGANISATIONS 

THE importance of increasing the participation of 
women in the workforce, especially in science and 
engineering sectors, has been recognised around the 

world as being essential for economic growth, for innovation, 
developing new industries, and for the knowledge economy.

 A recent report by McKinsey Global Institute has indicated 
that increasing workforce participation by women globally will 
add US$12trn in GDP annually by 20251. Another recent report, 
that compares engineering capacity around the world, shows 
that the proportion of women in engineering remains below 
20% in most developed countries2. And according to the UK’s 
Royal Academy of Engineering, gender disparity in engineering 
is the starkest aspect of lack of diversity that needs attention3.

The obvious answer appears to be to encourage girls to study 
science and mathematics in school and to consider a career in 
science or engineering. However, the uncomfortable truth is 
that in many countries, difficult and unwelcoming workplace 
cultures result in women voting with their feet, often early in 

their engineering careers, departing to other sectors where 
there are higher proportions of women and more supportive 
workplaces. In many countries, the engineering profession 
is not yet in a position to offer life-long, fulfilling careers in 
engineering to girls, and offer the same opportunities as it 
does to boys. This issue needs to be addressed now, not just 
from an ethical standpoint, but to achieve the diversity that is 
so urgently needed for innovative and sustainable engineering.

In  many countries,  the engineering profession 
is  not yet in a position to offer life-long, 

fulfilling careers in engineering to girls,  and 
offer the same opportunities as it  does to boys. 

This issue needs to be addressed urgently

For example, while Australia is looking to innovation to develop 
new industries and create jobs, there continues to be a serious 

Industry leaders must be the catalyst for the equilibrium  
shift towards a diverse and inclusive profession

Walking the Walk
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deficit in the participation of women in professional and  
technical jobs especially in science, engineering and technol-
ogy. These are the worst-performing sectors by any measure. 
For example, there are just five Australian-owned companies 
in these sectors that were listed as Employers of Choice by the 
Workplace Gender Equality Agency in 2015, indicating that the 
majority had not achieved success in attracting and retain-
ing women, although generally, most have diversity policies! 
Listed companies in the engineering and technology sectors 
have the lowest proportion of women on their boards and in 
executive management, the women that have achieved these 
positions are usually in finance, law and human resources.

A serious loss
The serious loss of women in science and engineering occurs 
early in the career cycle. For example, analysis by Engineers  
Australia shows that about half of female graduates in  
engineering do not enter the workforce. Of the rest, another 
50% leave within the first ten years, especially as they start 
a family. The losses continue so that there is less than 1% 
Australian-born women engineers remaining in the cohort 
aged more than 50 years. This is not only a huge waste of 
key skills needed for the engineering and technology sectors 
– the pipeline of career progression of women engineers to  
leadership positions is full of very large holes. 

Repairing the pipeline of women from  
graduate entry to leadership in engineering 

organisations requires a cultural 
transformation that starts at the top with  

the boards and CEOs of these companies

Repairing the pipeline of women from graduate entry to 
leadership in engineering organisations requires a cultural 
transformation that starts at the top with the boards and 
CEOs of these companies. This requires visible leadership that 
demonstrates that inclusiveness is a key non-negotiable value, 
necessary to build effective workplace teams for innovation 
and effective performance. 

Leaders in the chemical industry are the catalyst that can 
create the cultural shift required in their organisations, in a 
similar manner to the change that has been achieved since 
the mid 1970s to achieve significant improvements in process 
safety and a dramatic reduction in chemical incidents, injuries 
and deaths. The systematic approach adopted for changing an 
organisation’s performance in safety can be used to develop 
a more inclusive culture. I have developed such a system-
atic approach which includes reporting leading and lagging  
indicators for progress in increasing diversity in organisations. 
This approach has been adopted with success by organisa-
tions in the public and private sector in Australia and around  
the world4.

Strategy change
A strategic approach to changing the culture in organisations 
to be more diverse and inclusive includes explicit statements 
from leaders about the importance of an inclusive workforce, 
as a key, non-negotiable value of their organisations. These 
statements are supported by policies and procedures to attract, 
recruit, develop and retain women. Training is also important, 
especially in dealing with unconscious bias. Strategies should 
be implemented which ensure that basic needs are met, includ-
ing pay parity for women (a gap still exists even at graduate 
entry level in Australia), and amenities such as toilets in remote 
and regional workplaces. The reporting of leading and lagging 
indicators to the board and management ensures effective 
tracking of progress. Management incentives for diversity may 
be needed to kick-start the changes that are needed.

Walk this way
The message that leaders need to give is that diversity is impor-
tant for high-performing organisations. Leaders need to walk 
the talk on the need to have more diverse workforces because 
this drives innovation and performance. Women should be 
valued because they are different and have something new to 
contribute which may not have been considered before. Women 
engineers represent 50% of the population, their contribu-
tion to engineering teams reflects an important segment of 
community attitudes and values. Their different perspective is 
crucial for innovation, considering alternatives, reducing risk 
and developing more robust and sustainable engineering solu-
tions. Success with such policies will result in more women 
engineers achieving leadership positions, and becoming role 
models for girls aspiring to successful careers in engineering. 

There is growing evidence that a systematic approach drives 
the change that is urgently needed. Engineering workplaces 
need to be inclusive, retain women and encourage them to 
return to work after the crucial family formation years so that 
they can progress to leadership positions. 

Until the cultural changes have been made, and the  
profession has more women in middle and senior leadership 
positions, efforts to attract girls will not achieve the levels of 
diversity that is considered vital for innovation and sustainable 
engineering outcomes. 

Further reading
1. The Power of Parity: How Advancing Women’s Equality can 
Add US$12trn to Global Growth, McKinsey Global Institute,  
September 2015.
2. Engineering and Economic Growth: a Global View, a report by 
CEBR for the Royal Academy of Engineering, September 2016.
3. The Business Case for Diversity, http://bit.ly/1yvxhBe, Royal 
Academy of Engineering.
4. Kanga, M, A strategy for Inclusiveness, Wellbeing and Diversity 
in Engineering Workplaces, November 2014, http://bit.ly/1QRazQd
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Buncefield: a Decade On
Lessons learned and risk management implications

by marc joseph
RISK ENGINEER AT MARSH

Picture the scene, early on a Winter Sunday morning. 
Calm and serene, you and your family are tucked up in 
bed at home. Suddenly, you’re awakened abruptly by 

an ear-splitting noise followed by your room shaking around 
you. Your home and life as you know it has been shattered, 
and so the nightmare begins. This was the scenario for many 
residents of Hemel Hempstead, UK, on 11 Dec 2005. A shock 
wave, measuring 2.4 on the Richter scale, ripped through 
their homes. This was due to an explosion at the Buncefield 
complex, which BBC News reported as “the biggest peacetime 
explosion ever recorded”. Over 2,000 people were evacuated, 
over 630 businesses were affected, motorways were closed, and 
buildings as far as 8 km away from the complex were damaged 
as a result. Remarkably, no one died in the blast, although over 
40 people were injured.  

What happened at Buncefield?
The Buncefield complex, located and operating in Hemel 
Hempstead since 1968, was a large tank farm occupied by Hert-
fordshire Oil Storage Limited (HOSL), UK Oil Pipelines (UKOP) 
and BP Oil UK.

On 10 December 2005, Tank 912 and Tank 915 were being 
filled with petrol. Both tanks were fitted with an automatic tank 
gauging (ATG) system which measured the tank level. These 
levels could be displayed on a single screen in the control room 
along with all other tanks in the facility. Each tank was also 
fitted with an independent high-level switch (IHLS), which was 
the final layer of overfill protection to stop the filling process 
and also to activate an audible alarm. 

On 11 December at 03:05, Tank 912’s level measurement 
failed and the level reading in the control room ‘flatlined’. This 

buncefield: the smoke plume 
above hemel hempstead
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How to  S IZE L INES

The fundamentals and best practices behind line sizing  
for a single phase fluid (liquid or gas)

BY vikram sharma
PROCESS DESIGN ENGINEER AT PETRONAS GROUP TECHNICAL SOLUTIONS

Introduction
Many young engineers rely on readily-available software 
to compute line sizes. But what are the fundamentals behind the 
software? 

When we talk about chemical plants, we talk about process 
equipment such as reactors, compressors, pumps, vessels and much 
more, which all need to be connected by pipes which transport fluid 
from source to destination. While a pipe system’s physical appear-
ance and functionality may be simple, its designer needs to have a 
good understanding of the concepts of fluid flow and line sizing to 
ensure piping is designed to specifications.

Bernoulli ’s  equation
Bernoulli’s equation forms the basis of the line sizing equation 
that is used to calculate pressure drop across a pipe. But what is 
Bernoulli’s equation?

Let’s go back to the basics of line sizing. The first law of thermo-
dynamics states that energy can neither be created nor destroyed, 
but it can change from one form to another. This law forms the basis 
of the interactions of energies that act on a system – also known as 
the conservation of energy principle(1).  

The conservation of energy principle, in fluid flow, focuses on 
the conservation of the sum of six important energies – namely 
pressure, kinetic, potential, heat, work, and frictional energies – all 
of which are expressed in one simplified form called the mechanical 
energy balance (MEB). The expression of mechanical energy balance 
is provided in equations 1–3(2). 

 Eq 1

Eq 2

Eq 3

Bernoulli’s equation represents a steady-state fluid flow  (see Eq 3). It 
was derived based on the assumptions that the fluid is incompressible 

size linesHOW to 

(ρ = constant), inviscid (μ = 0), isothermal (q = 0), there is no energy loss 
due to friction between the pipe inner wall and fluid, and no work done  
(w = 0) on the system. The assumptions made for this equation are 
impossible to achieve at any point in time by a fluid. However, it 
can be approximately achieved in a real situation. For example, the 
assumption on incompressibility is applied for both liquid and gas 
but in reality, gas is a compressible fluid. Therefore, this makes 
the assumption invalid. If the pressure change results in a density 
change of no more than 30%, the assumption on incompressibility 
is valid(3).

The MEB equation consists of two parts that are point function 
and path function. The first three terms on the right hand side of 
Eq 2 represent point functions where these terms are dependent 
on the inlet and outlet conditions. Parameters such as ef and w are 
known as path functions, where these terms are based on condition 
variations between the inlet and outlet points. The above equations 
also assume that the fluid velocity at a given point in a system is 
consistent throughout a cross section of a flow stream. In other 
words, fluid velocity at point 1 is the same as at point 2. This is not 
true for real fluids as the velocity can vary across the cross section 
of flow due to friction. Therefore, the kinetic correction factor (α) 
is incorporated to account for the non-ideal conditions. The fluid 
flow regime dictates the value of α. If the fluid flow is laminar,   
α = 2. In the case of highly turbulent flow, α is approximately 1.06. 
For practical applications, α = 1, is used as most line sizing scenarios 
are based on turbulent flow(3).

Pipe friction factor
Any fluid transported in a pipe is accompanied by friction. This 
friction offers resistance to fluid motion and contributes to the 
overall pressure drop across a pipe system. In Bernoulli’s equation, 
the frictional loss term, ef, as seen in Eqs 1–3, is due to loss of 
mechanical energy from pipe fittings, length of pipe, and pipe 
entrances and exits(2).

To determine the pipe friction factor, we need to know the type 
of fluid flow regime in a pipe. The fluid flow regime is determined 
from a dimensionless parameter called Reynolds number (NRe). The 
Reynolds number is a function of pipe inner diameter, fluid density, 
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There are a few technical features that need evaluating and 
testing, for example the internal control rod drive mechanism 
which some designs use in preference to the traditional external 
drive. Most developers have already tested these new features in 
their test facilities, but they will of course require approval. 

Also the small size of the reactors is expected to require devel-
opment of new inspection methods and technologies.

The smr market right now
The SMR sector has been very active recently, with many designs 
proposed, though some are more developed than others. Currently 
leading the race to market are NuScale (US), KLT 40 (Russia), 
CAREM (Argentina), ACP100 (China), and SMART (Korea). Only 
time will tell how many designs will win through. 

We’ve already seen one design fall out of favour during the push 
for SMR development by the US Department of Energy.  mPower 
and NuScale won funding from the DOE in 2012 and 2013; however, 
mPower hasn’t since secured the industry funding required for 
the deal. As a result, NuScale is the leading SMR project moving 
forward in the US.

NuScale originated from research in the early 2000s by NuS-
cale co-founder Jose Reyes. Industry backup came from Fluor in 
2011 and Rolls Royce in 2013. The first deployment in the US is 

scheduled for 2024 through a multi-state collaboration known as 
the Western Initiative for Nuclear. NuScale has announced that its 
first priority is to submit the design certification application to the 
Nuclear Regulatory Commission (NRC) in 2016.

Another reactor set for deployment is the SMART reactor that 
has already been licensed in its home country of Korea. Its first 
application, however, is planned for Saudi Arabia where it will be 
used to power water desalination.

An SMR developed in China is also set for market. The ACP100 
is set to be built in Hainan Island in China. The project schedule is 
very aggressive and operations are planned to start as early as the 
end of 2021. There is also a plan to develop the next version of the  
reactor (ACP100+) for export in a bid to become a competitive SMR 
design for use in Europe.

more exotic applications include floating 
designs from developers in russia and china

The SMR concept has also led some to suggest more exotic appli-
cations for nuclear reactors, including floating designs from 
developers in Russia and China.

These transportable reactors might be the best opportunity for 
newcomer countries, which don’t have strong grids. One approach 
would be to transport the floating reactor to the coast of a country 
that needs power, sell it the electricity, and once the reactor has 
reached the end of its life, transport it back to its country of origin. 
This kind of service is new in the nuclear area and it would need 
big changes in current regulations. We are discussing this kind 
of approach in an IAEA working group, and these discussions are 
proving very interesting.

Another interesting design is a subsea plant out of France 
where reactor modules would be positioned on the seabed and 
operated remotely from a control room onshore. 

Clearly, these exotic designs face the biggest challenges when 

SMART:  KAERI,  South Korea

Capacity: 100 MWe 
Design: System simplification, component modularisation, 
reduction of construction time and high plant availability. 
Reactor pressure vessel contains all of the primary com-
ponents such as core structures, steam generators (SGs), 
and the reactor coolant pumps are mounted horizontally 
into the reactor vessel. Applicable for electricity production 
suitable for small or isolated grids and heat districts as well 
as processing heat for desalination.
Safety: Features a reactor shutdown system, a safety 
injection system, a passive residual heat removal system 
(PRHRS), a shutdown cooling system, and a containment 
spray system. Additional engineered safety systems include 
a reactor overpressure protection system and a severe acci-
dent mitigation system. 

ACP100:  NPIC/CNNC,  China

Capacity: 100 MWe
Design: Uses natural convection 
reactor cooldown. Can deploy 1–8 
modules to attain larger plant 
output. Designed for electricity 
production, heating, steam pro-
duction or seawater desalination; 
suitable for remote areas.
Safety: No large-bore primary 
coolant piping, so it eliminates 
large-break loss of coolant acci-
dents (LOCAs). Reactor building 
and spent fuel pool are below 
ground level.
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