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The information in this book is provided for general guidance. Statistics are drawn

from published sources current at the time of writing (2025-2026) and will change;
readers should verify figures before relying on them for any project decision. Noth-
ing in this book constitutes engineering, legal or financial advice.



A NOTE ON NAMES AND NUMBERS

This book does not name operating companies. That is a deliberate
policy of GUILD of MMC, the non-profit awareness platform through
which it is published. GUILD of MMC exists to inform the world
about the shortage of decent housing and the methods that could help
to end it; the moment such a platform begins naming suppliers, it be-
comes a marketing channel, and its evidence stops being trusted.
Where a market leader, a factory or a system is described, it is de-
scribed by what it does, not by who owns it, and the reader should un-
derstand that the principle applies to the category, not to any brand.

Two exceptions are made, and only for companies that no longer trade:
their failures are matters of public record and the lessons they hold are
too important to leave unnamed. Public programmes and institutions
— Singapore’s Housing & Development Board, Hong Kong’s Modular
Integrated Construction initiative, India’s Pradhan Mantri Awas
Yojana, Saudi Arabia’s Sakani, the United Nations agencies and the de-
velopment banks — are named freely, because they are public bodies
and the information about them is public.

The author has no financial interest in any company, product or sys-
tem described in this book, and no company has sponsored, reviewed
or approved its content.

Statistics are drawn from published sources — principally UN-Habit-
at, the World Bank, national statistical agencies and industry bodies —
current at the time of writing in 2025 and 2026. Housing numbers are
notoriously uncertain: most countries do not count the homeless, and
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those that do define homelessness differently. Where a figure is con-
tested, the more conservative one has been used. All figures will
change, and readers should verify them before relying on them for any
project decision.
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INTRODUCTION

I did not set out to write a book about statistics. I set out to answer a
question that had followed me around building sites on three contin-
ents for the best part of forty years: why, when we know how to build
good homes quickly and well, do so many people still not have one?

The question first became personal in Dubai. I arrived in 2006 to
design residential homes at the top of the market — apartments in the
tallest residential tower in the world, villas for people who could af-
ford anything — and I looked down, from the windows of those build-
ings, on the labour camps where the men who built them slept ten to a
room. Later, designing low-cost eco-homes in Rwanda from light-
gauge steel and earth, I saw the other end of the spectrum: families for
whom a dry floor and a door that locked would have been a trans-
formation. The gap between those two worlds is the subject of this
book.

Since then, I have been invited to advise industry and housing min-
istries in South East Asia, and to study in depth the industrialisation of
construction — the shift from making buildings by hand on site to
making them, or most of them, in factories. The more I looked, the
more I became convinced of two things. First, that the world’s housing
shortage is not a technical problem: we already know how to build.
Second, that it is a problem of organisation — of design, manufacture,
finance, procurement and government pulling in different directions
when they need to pull together. That conviction is the spine of this
book.

How the book is arranged. It moves in four parts, from the prob-
lem to its resolution.



Part A — The Reality of Now sets out the scale of the crisis and estab-
lishes what social housing means in different parts of the world, be-
cause the phrase means something quite different in Vienna, Lagos,
Singapore and Sao Paulo. Part B — How the World Responds Today
travels the world region by region — Europe, Sub-Saharan Africa,
South and East Asia, the Middle East and North Africa, the Americas,
and Oceania — giving each the same structured treatment: the de-
mand, the existing models, the construction landscape and where
modern methods fit; it then follows the money and the rules, because
every regional system depends on how housing is financed and on the
procurement, insurance and regulation that decide whether finance
ever becomes homes.

Part C — The Ways to Resolve It is the technical heart: the spectrum
of modern construction methods, designing for manufacture in real
places rather than idealised ones, structural systems, building per-
formance across climates, and where the factories come from.

Part D — Making the System Change asks why known solutions have
not been adopted at the scale the crisis demands, and sets out the
GUILD model, a universal framework that can be applied anywhere,
and a look at the twenty-five years ahead.

How to read it. The book is written for a wide audience — minis-
ters and officials, housing providers, designers, engineers, manufac-
turers, financiers, students, and anyone who simply wants to under-
stand why housing has become the defining social question of our age.
Each chapter opens with a page that shows at a glance what it contains
and the numbers that matter most, and ends with a summary headed
In Brief and a short section headed My Perspective, in which I step out
from behind the evidence and say what my own experience tells me.
Readers in a hurry can read the openers, the summaries and the per-
spectives alone and still come away with the whole argument. A gloss-
ary at the back explains the technical terms and acronyms, and the in-
dex will take you straight to any country, method or programme.

What the book does not do. It does not name operating companies,
for reasons explained in the note that precedes this introduction. It
does not recommend a single construction system, because there is no

Xi



single answer to a problem that looks different in every climate, eco-
nomy and culture. And it does not pretend that modern methods of
construction are a cure on their own. Factories do not solve land, fin-
ance or politics. What they do is remove one of the last remaining ex-
cuses — that we cannot build good homes fast enough or cheaply
enough — and force the harder conversations into the open.

I left school at fifteen and hold no formal qualifications. Everything
in this book was learned by building, by failing, by watching better
people than me, and by asking questions that experts sometimes
found naive. I have kept the language plain for that reason. If a reader
with no background in construction can finish this book and under-
stand why the world is short of homes, and what could be done about
it, then it has done its job.

Andrew | Bannister
Dubai, September 2026

Xii



PART A

The Reality of Now

How many people lack a home, why the number keeps rising, and
what the phrase “social housing” actually means once you cross a
border. Two chapters that establish, without softening, the size of the
problem the rest of the book sets out to solve.

1 A World Without Enough Homes
2 What Is Social Housing? — A Global Definition



A World Without Enough Homes

CHAPTER 1

A World Without Enough Homes

Around 300 million people have no home at all.
Nearly three billion more live in housing that fails
them.

300 million 2.8 billion 2050

people homeless without adequate housing the year two-thirds of
worldwide humanity will live in cities

IN THIS CHAPTER

—The Numbers That Should Keep Us Awake

—A Crisis That Knows No Borders

—The Unstoppable Force: Urbanisation

—The People Who Build Our Homes Are Disappearing
—Climate Change: The Accelerant

—Why We Must Build Differently

—The Universal Right to Home
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Somewhere tonight, a child will fall asleep on a floor made of com-
pacted earth, beneath a roof of corrugated iron held down by stones.
In another city, on another continent, a young couple will lie awake in
a rented room they cannot afford, calculating whether next month’s
pay cheque will cover the rent or the food, but not both. In a third
place, an elderly woman will sit in a tower block built half a century
ago, its concrete walls blooming with damp, its lifts broken for the
third time this year, wondering how a building designed to give her
dignity has instead given her despair.

These are not isolated stories. They are the daily reality for billions
of people across every continent on earth. The global housing crisis is
not coming. It is here. It has been here for decades. And unless we fun-
damentally change the way we design, build, fund, and deliver homes,
it will define the century ahead.

This chapter sets out the scale of that crisis — not to overwhelm,
but to establish clearly what we are dealing with. Because before we
can talk about solutions, we must first be honest about the problem.
And the problem is enormous.

The Numbers That Should Keep Us Awake

Let us begin with the headline figures, because they are staggering in
their scale.

According to UN-Habitat, around 300 million people worldwide
are homeless. Not inadequately housed. Not living in substandard
conditions. Homeless. Without any form of stable shelter. That is close
to the population of the United States, sleeping tonight without a roof
— and it is almost certainly an undercount, because most countries do
not measure homelessness at all, and those that do define it differently.

Beyond those 300 million, a further 2.8 billion people — over a third
of the entire human population — lack access to adequate housing.
They may have walls and a roof, but they lack clean water, sanitation,
sufficient space, structural safety, security of tenure, or some combina-
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tion of these. The home they have is not a home in any meaningful
sense. It is survival, not living.

Of those 2.8 billion, 1.1 billion live in slums and informal settle-
ments. Ninety per cent of those settlements are concentrated in Africa
and Asia. In Sub-Saharan Africa alone, 62 per cent of urban dwellers
live in informal housing. In the Asia-Pacific region, over 500 million
people lack access to basic water services and more than a billion live
without adequate sanitation. These are not statistics from a bygone
era. These are the numbers from 2025.

And they are getting worse, not better.

The World Bank estimates that at least 1.26 billion people currently
live in inadequate housing conditions across 64 emerging economies
alone — and that an additional 40 million housing units will need to
be added just to accommodate population growth by 2030. That figure
does not include the replacement or upgrading of the existing inad-
equate stock. It is simply the new demand generated by more people
being born.

If we step back and take the full picture — homelessness, slums,
overcrowding, unaffordability, structural inadequacy, and the absence
of basic services — some estimates suggest that 3 billion people will
need access to adequate housing by 2030. Three billion. Nearly four
out of every ten people alive.

In May 2025, the UN-Habitat Assembly in Nairobi adopted a new
Strategic Plan for 2026-2029, placing adequate housing, secure land
tenure, and access to basic services at the very heart of global develop-
ment priorities. The message from the Assembly was unambiguous:
this is not a housing problem. It is the defining social infrastructure
crisis of our era.

A Crisis That Knows No Borders

It is tempting to think of the housing crisis as a developing-world
problem. It is not. The crisis is genuinely global. It manifests differ-
ently in different places, but it exists everywhere.
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In Nigeria, approximately 79 per cent of the population in the
largest cities live in slums without access to clean water, sanitation, or
secure tenure. The minimum wage sits at around 77,000 naira —
roughly fifty US dollars a month — while renting a basic studio apart-
ment averages 800,000 naira. The arithmetic is impossible. Informal
settlements like Makoko in Lagos continue to expand as urban migra-
tion outpaces every attempt at formal housing provision.

In India, the housing shortfall stands at an estimated 10 million af-
fordable homes, a figure that analysts believe could triple by 2030. Cit-
ies grew by nearly 8 per cent in 2025 alone as employment concen-
trated in a handful of metropolitan areas. Government programmes
like the Pradhan Mantri Awas Yojana have delivered over 10 million
homes since 2015, yet the deficit continues to widen because the rate of
urbanisation consistently outstrips the rate of construction.

In Brazil, the deficit stands at approximately 6 million homes, with
25 million families living in inadequate or overcrowded conditions.
An apartment in Sdo Paulo costs roughly sixteen times the average an-
nual income. People earning less than a thousand US dollars a month
account for nearly 90 per cent of the housing deficit. The favelas are
not a historical curiosity. They are a living, growing consequence of a
housing system that does not serve the majority.

In the Philippines, the official housing backlog stands at 6.5 million
units, with projections suggesting this will climb to 22 million by 2040.
The country faces twenty typhoons a year and dozens of earthquakes,
meaning that even the homes that do exist are under constant threat of
destruction.

In Bangladesh, 28 per cent of the population lives below the poverty
line, up from 19 per cent just three years earlier. Government rehous-
ing programmes have helped over half a million families, but half a
million people migrate into Dhaka alone every year, overwhelming ca-
pacity as quickly as it is built.

And then we turn to the countries that consider themselves de-
veloped.

In the Netherlands, one of the wealthiest nations on earth, the hous-
ing shortage stands at approximately 396,000 homes — nearly 5 per
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cent of the total housing stock — and is forecast to rise to 453,000 by
2027. Despite a target of building 100,000 homes annually, only 82,000
were delivered in 2024. More than 40 per cent of young Dutch people
report having to postpone major life decisions — moving in with a
partner, starting a family — because they cannot find a home.

In the United Kingdom, the government has committed to building
300,000 homes a year, a level not consistently achieved since the 1950s
and 1960s. The country needs an estimated 150,000 new social homes
annually but delivers a fraction of that. Shelter, the homelessness char-
ity, estimates a net loss of nearly half a million social housing units
since 2000.

In the United States, more than 770,000 people were experiencing
homelessness in 2024 — the highest number ever recorded — an in-
crease of 18 per cent in a single year. The Federal Housing Administra-
tion system provides support, but proposed budget cuts threaten to
reduce HUD funding by 44 per cent, potentially removing support
from millions of households at precisely the moment they need it
most.

In Australia, Sydney is ranked as the second most unaffordable
housing market in the world. In Canada, the government has declared
a housing emergency and launched a 25-billion-dollar programme to
address it. In Germany, 100,000 social housing units are lost to the
private sector every year as time-limited subsidy arrangements expire.

The crisis is everywhere. The details differ, but the fundamental
problem is the same: we are not building enough homes, we are not
building them fast enough, we are not building them affordably
enough, and we are not building them where people need them most.

+

The Unstoppable Force: Urbanisation

Underlying the housing crisis is a demographic force that is accelerat-
ing, not slowing. The world is urbanising at a pace that has no historic-
al precedent.
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In 1950, approximately 30 per cent of the world’s population lived
in cities. By 2025, that figure had passed 57 per cent. By 2050, accord-
ing to United Nations projections, 68 per cent of the global population
will be urban. That means an additional 2.5 billion people will move
into cities over the next twenty-five years. Two and a half billion
people who will need homes, water, sanitation, transport, schools, and
hospitals.

Africa is urbanising faster than any other continent. Its population
is projected to double by 2050, and the majority of that growth will be
concentrated in cities. Lagos, Kinshasa, Dar es Salaam, Nairobi, Addis
Ababa — these cities are growing at rates that make London’s Victori-
an expansion look leisurely. And yet the infrastructure and housing to
support that growth barely exists. In many African cities, new arrivals
have no option but to build informally, creating settlements that be-
come permanent without ever being planned.

Asia tells a similar story at even greater scale. India alone is expec-
ted to add hundreds of millions of urban dwellers in the coming dec-
ades. China’s internal migration continues despite its property sector
crisis. South-East Asian cities from Manila to Jakarta to Ho Chi Minh
City are expanding outward and upward simultaneously, often
without the housing supply to match.

Urbanisation is not, in itself, a bad thing. Cities are engines of eco-
nomic growth, innovation, and social mobility. But only if the people
who live in them have somewhere decent to live. Without adequate
housing, urbanisation becomes a machine that produces poverty, in-
equality, and social instability. The slum is not the opposite of the city.
The slum is what the city becomes when housing fails.

+

The People Who Build Our Homes Are Disappearing

Even if the money, the land, and the political will existed to build
every home the world needs using traditional construction methods,
we would still face a fundamental obstacle: there are not enough con-
struction workers to do it.
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In the United States alone, the construction industry needs an es-
timated 439,000 additional workers in 2025, with projections suggest-
ing a requirement of 1.9 million new workers over the next decade just
to keep pace with growth and retirements. One in five construction
workers is over the age of 55. An estimated 53 per cent of the current
workforce is expected to retire within the next ten years. The pipeline
of replacements is nowhere near sufficient.

In the United Kingdom, the Construction Industry Training Board
reports that nearly 22 per cent of the workforce is aged over 50, with 15
per cent in their sixties. An estimated 217,000 new workers were
needed by 2025 just to maintain current capacity, let alone expand it to
meet the government’s housing targets.

The pattern is global. Oxford Economics projects that the global
volume of construction work will increase by 4.2 trillion dollars over
the next fifteen years, yet virtually every developed country reports a
chronic shortage of skilled tradespeople. Bricklayers, carpenters, elec-
tricians, plumbers, steelworkers, crane operators — the people who
physically construct our built environment are ageing out of the in-
dustry faster than they are being replaced.

The reasons are well documented. Construction is perceived as
physically demanding, sometimes dangerous, with long hours and
limited career progression. Decades of cultural messaging has priorit-
ised university education over vocational training. The 2008 financial
crisis drove workers out of the industry; the COVID pandemic drove
out more. Immigration restrictions in countries like the United States,
the United Kingdom, and Australia have further constrained the la-
bour supply.

The result is a vicious cycle. Fewer workers mean slower construc-
tion. Slower construction means longer project timelines. Longer
timelines mean higher costs. Higher costs mean fewer affordable
homes get built. Fewer homes mean a deeper housing crisis. And a
deeper housing crisis means more pressure on an industry that cannot
recruit the people it needs.

Traditional construction, with its reliance on large numbers of
skilled workers performing sequential tasks on site in all weather con-
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ditions, is a model that was already struggling before the housing
crisis reached its current scale. It cannot possibly scale to meet global
demand. Something must change.

+

Climate Change: The Accelerant

As if the numbers, the urbanisation, and the workforce shortage were
not enough, climate change is simultaneously destroying existing
housing stock and making the need for new, resilient housing more
urgent than ever.

In 2024, severe weather disasters in the United States alone caused
180 billion dollars in damages. The wildfires that devastated parts of
Los Angeles displaced thousands, with modular micro-units deployed
as temporary housing because traditional rebuilding simply could not
happen fast enough. In Pakistan, the 2022 floods affected 33 million
people, overwhelming a country that already had a housing deficit of
9 million homes. Typhoons in the Philippines, cyclones in Madagascar,
earthquakes in Turkey, flooding in Bangladesh — climate events are
accelerating the destruction of housing faster than it can be replaced.

But climate change does not only destroy homes. It makes the
wrong kind of homes uninhabitable. A concrete block house without
ventilation in a city where temperatures regularly exceed 50 degrees
Celsius is not adequate housing. A timber-framed home in a flood
plain without elevation is not safe housing. A high-rise without
thermal insulation in a city with harsh winters is not affordable hous-
ing, because the energy cost to heat it will consume whatever income
the occupants have.

The homes we build from this point forward must be designed for
the climate they will exist in — not the climate of twenty years ago,
but the climate of twenty years ahead. That demands a sophistication
of design, a consistency of manufacturing quality, and a speed of de-
livery that traditional site-based construction has never been able to
achieve at scale.
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Why We Must Build Differently

Let us be direct about where this leaves us.

The global housing crisis requires the construction of tens of mil-
lions of new homes every year, for decades, across every climate zone
and economic context on earth. The homes must be affordable to
build, affordable to live in, structurally safe, climate-resilient, and de-
liverable at a speed that matches the pace of population growth and
urbanisation. They must be achievable with a shrinking traditional
construction workforce. And they must be funded through mechan-
isms that range from international development finance to domestic
government budgets to private investment to community self-build.

No single construction method can do all of this. No single funding
model can pay for it. No single country has the answer. But collect-
ively, the knowledge, the technology, the materials, and the financial
structures exist to address this crisis at the scale it demands. They
simply have not been connected, coordinated, and deployed with the
urgency the situation requires.

That is what this book sets out to do.

In the chapters that follow, we will examine how social housing is
defined and delivered differently across every continent. We will con-
duct detailed regional analyses — Europe, Sub-Saharan Africa, South
and East Asia, the Middle East and North Africa, the Americas, and
Oceania — to understand the specific demands, constraints, and op-
portunities in each. We will explore the full spectrum of modern con-
struction methods, from fully factory-built volumetric modules to pan-
elised systems to incremental self-build approaches, and map which
methods are applicable to which contexts. We will examine how the
world funds social housing and identify the financial mechanisms that
work at different scales and in different economies.

And we will propose a universal framework — rooted in what I call
the GUILD philosophy — that provides a common set of aims while
remaining flexible enough to adapt to the infinite variety of conditions,
cultures, climates, and economies that exist across this planet.

10
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This is not a book that pretends the answers are simple. They are
not. But it is a book that insists the answers exist, that they are within
our reach, and that the only thing preventing us from deploying them
is a failure of coordination, ambition, and will.

<+

The Universal Right to Home

Before we proceed any further, it is worth pausing to state something
plainly. Housing is a human right. Article 25 of the Universal Declara-
tion of Human Rights, adopted by the United Nations General As-
sembly in 1948, states that everyone has the right to a standard of liv-
ing adequate for their health and wellbeing, including housing. That
was nearly eighty years ago.

In the decades since, the right to adequate housing has been reaf-
firmed in the International Covenant on Economic, Social and Cultural
Rights, in the Sustainable Development Goals, in regional human
rights instruments, and in the constitutions of many individual na-
tions. The legal and moral framework is not in question. What is in
question is whether we have the collective determination to honour it.

The word ‘home’” is not the same as the word ‘house.” A house is a
structure. A home is a place of safety, privacy, stability, and dignity. It
is the foundation upon which everything else in a person’s life is built
— their health, their children’s education, their capacity to work, their
participation in community and society. Take away someone’s home
and you do not just remove their shelter. You remove their foothold in
the world.

This book is about building homes, not just houses. It is about en-
suring that the methods we use, the systems we design, and the
policies we enact all serve the ultimate purpose of giving every person
on earth a place they can call home. Not a minimum standard of sur-
vival. A home.

That is an ambitious goal. But it is the only goal worth pursuing.
And the remarkable thing is that we now have the construction tech-
nology, the design knowledge, the manufacturing capability, and the

11
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financial tools to pursue it. What has been missing is a guide that
brings all these elements together across a global perspective, connect-
ing the lessons of one continent with the needs of another.

That is this book.

IN BRIEF

The scale: Around 300 million homeless worldwide. 2.8 billion without
adequate housing. 1.1 billion in slums and informal settlements. 90 per
cent of informal settlements concentrated in Africa and Asia.

The trajectory: 68 per cent of the global population will be urban by
2050, adding 2.5 billion city dwellers who need homes.

The workforce gap: The construction industry faces a global skilled la-
bour shortage, with one in five workers over 55 in many countries and
an estimated 53 per cent of the US workforce expected to retire within a
decade.

The climate factor: Climate change is destroying existing housing and
demanding that new homes be designed for resilience, not just shelter.

The imperative: Traditional construction cannot meet this demand
alone. Modern methods of construction, adapted to regional contexts
and funded through diverse mechanisms, offer the most credible path
to closing the global housing gap.

The right: Housing is a human right. A home is the foundation of a life.
This book is about making that right a reality.

MY PERSPECTIVE

The numbers in this chapter are so large that they stop meaning anything.
Three hundred million homeless. Nearly three billion inadequately housed. 1
have learned to hold them alongside smaller pictures, because the smaller pic-
tures are what made me write this book.

In Dubai I designed homes at the very top of the market while, a few kilo-
metres away, the men who poured the concrete slept in bunks in labour camps.
In Rwanda I designed eco-homes for families whose entire ambition for a

12
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house was a dry floor, a roof that did not leak and a door that locked. Nothing
in my career has prepared me to reconcile those two worlds, and I no longer
try. I simply hold them in view at the same time, and I ask the reader to do the
same.

Data alone will not move governments or investors. What moves people is the
recognition that this is not somebody else’s crisis, in somebody else’s country.
It is a child asleep on compacted earth tonight, and a couple in a wealthy
European city choosing between rent and food. Both are failures of the same
system. The rest of this book is about how that system can be changed.

13
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CHAPTER 2

What Is Social Housing?

A Global Definition

The same two words mean a right in Vienna, a
stigma in Chicago and almost nothing in Lagos.

46% 18 of 25 4

of Vienna’s housing is OECD countries have models of social housing,
social shrunk their social stock in ~ from universal to safety-
a decade net

IN THIS CHAPTER

—A Word That Changes Meaning at Every Border

—The Nordic Models: What Happens When Housing Policy Works
—Asia: From Singapore’s Triumph to India’s Challenge

—The Americas: From Projects to Favelas

—Africa: Where the Concept Barely Exists but the Need |s Greatest
—The Middle East: Wealth, Migration, and the Gap Between

—The Four Models of Social Housing

—The Global Decline — And Why It Must Be Reversed

—Towards a Universal Working Definition
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What Is Social Housing?

Ask ten people from ten different countries what ‘social housing’
means and you will receive ten different answers. This is not because
the question is vague. It is because social housing is one of those con-
cepts that appears universal but is profoundly shaped by the history,
politics, culture, and economics of the place in which it exists.

In Vienna, social housing means beautifully maintained apartment
complexes where a doctor might live next door to a bus driver, where
46 per cent of the city’s entire housing stock is either publicly owned
or cooperatively managed, and where the municipality allocates over
400 million euros annually to keep the system running. In Singapore,
it means high-rise flats built and sold by the government at below-
market prices, housing close to 80 per cent of the population, with sat-
isfaction rates above 90 per cent. In the United States, it means “public
housing’ or ‘the projects’ — a term that for many Americans carries as-
sociations of poverty, neglect, and institutional failure, despite housing
1.2 million households. In Sub-Saharan Africa, the formal concept of
social housing barely exists at all, even as the need for it is greater than
anywhere else on earth.

If this book is to make the case for a global approach to housing de-
livery, we must first establish what we are talking about. This chapter
examines how different nations define and deliver social housing, why
those differences matter, and proposes a universal working definition
that respects local context while establishing a common standard of
aspiration.

4

A Word That Changes Meaning at Every Border

The United Nations Economic Commission for Europe put it plainly in
a 2014 report: there is no simple definition of social housing that fits
every country equally well. The differences span terminology, histories
of origin, who social housing serves, who provides it, how it is man-
aged, how rents are set, where housing is located, the physical nature
of the stock, how new housing is financed, and how subsidies work.

15
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The word ‘social” alone carries different weight in different languages
and political traditions.

In most of Western Europe, social housing refers to rental accom-
modation provided at below-market rates, owned and managed by
public bodies, housing associations, or non-profit organisations, and
allocated according to need or waiting lists. But even within this broad
definition, the variation is enormous.

The Netherlands has the largest social housing sector in Europe,
with approximately 2.5 million social rental dwellings representing
around 30 per cent of the entire housing stock. Nearly all of it is
owned by housing associations — independent, non-profit bodies that
operate under government regulation but are not directly part of the
state. The Dutch model was historically universalist: social housing
was available to a broad cross-section of incomes, the very poorest. A
European Commission ruling on state aid has since pushed the Neth-
erlands towards more targeted allocation, but the sector remains vast,
well-maintained, and socially integrated.

Austria takes a different approach. In Vienna, social housing com-
prises approximately 46 per cent of the city’s housing stock, split
between directly government-owned municipal housing and a public-
private partnership model involving limited-profit housing associ-
ations. Vienna’s social housing is deliberately inclusive — it serves
people across a wide range of incomes, which prevents the social se-
gregation that plagues social housing in many other countries. Be-
cause the city is the largest landlord, it exerts downward pressure on
private rents across the entire market. Social housing in Vienna is not a
safety net for the poor. It is a structural feature of the housing system
that benefits the majority.

France has approximately 5 million social housing units, represent-
ing around 18 per cent of the housing stock, managed by a mix of pub-
lic and semi-public bodies called HLM organisations. Eligibility is in-
come-tested, but the thresholds are set high enough that around 70
per cent of the French population theoretically qualifies. Social hous-
ing rents are regulated and set in relation to construction costs rather
than market rates.
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In the United Kingdom, social housing means housing provided at
below-market rent by local authorities or registered housing associ-
ations. The term ‘council housing’ refers specifically to housing built
and managed by local councils, a model that peaked in the post-war
decades and has been in decline since the Right to Buy policy of the
1980s allowed tenants to purchase their homes at significant discounts,
removing hundreds of thousands of units from the social stock
without adequate replacement. The UK now has a moderately-sized
social sector of around 17 per cent of total housing, but it is heavily
oversubscribed, with long waiting lists in most areas.

Germany presents yet another variation. Social housing in Germany
operates through a system of time-limited subsidies: a private or pub-
lic landlord receives a subsidy to build housing and, in return, agrees
to rent it at below-market rates for a fixed period, typically fifteen to
thirty years. When that period expires, the housing reverts to the
private market. This means Germany loses approximately 100,000 so-
cial housing units every year as restrictions expire, creating a social
housing stock that is in permanent decline unless new subsidised
units are continuously built. It is a model that has been widely criti-
cised for its impermanence.

The Nordic Models: What Happens When Housing Policy
Works

The Nordic countries have long been held up as examples of effective
housing policy, though their approaches differ significantly from one
another.

Denmark’s social housing is almost entirely provided by non-profit
housing associations, democratically governed by their tenants. Rents
are set on a cost-recovery basis rather than by income or market com-
parison. Over 20 per cent of Danish housing stock is social, and the
quality is generally high. Denmark has also pioneered co-housing and
community-led models that give residents direct control over their liv-
ing environment.

17



What Is Social Housing?

Sweden takes a different philosophical position. Municipal housing
companies provide rental housing to a significant share of the popula-
tion, but rents are not formally set below market rates. Instead,
Sweden'’s system relies on collective bargaining between tenant unions
and landlords to keep rents affordable. The Swedish National Tenants’
Union has over 500,000 member households and negotiates on behalf
of approximately 3 million tenants. This model is not technically ‘so-
cial housing’ by most international definitions, but it achieves a similar
outcome through a different mechanism.

Finland has attracted global attention for something more specific:
it is the only country in the European Union where homelessness is
decreasing. Finland’s Housing First policy, which provides permanent
housing to homeless individuals before addressing other issues like
addiction or employment, has become a model studied worldwide.
The approach recognises something that seems obvious but is radical
in practice: you cannot address the causes of someone’s homelessness
while they are still homeless.

Norway stands apart from its Nordic neighbours in that its social
housing is predominantly based on ownership rather than rental.
Housing cooperatives manage approximately 23 per cent of the coun-
try’s housing stock, and around 80 per cent of the Norwegian popula-
tion owns their home. Membership in a cooperative is transferable
from parents to children, and the cooperative model ensures that a
significant portion of the housing market remains insulated from pure
speculation.

Asia: From Singapore’s Triumph to India’s Challenge

Perhaps the most remarkable social housing story anywhere in the
world belongs to Singapore.

When Singapore gained independence in 1965, only 9 per cent of
the population lived in public housing. The majority were crowded
into slums and squatter settlements lacking basic sanitation. Three out
of four Singaporeans had no adequate home. The government estab-
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lished the Housing and Development Board in 1960 and embarked on
what would become the most successful mass housing programme in
history.

Within three years, the HDB had built over 31,000 flats — more
than its predecessor had managed in three decades. By 1968, a policy
allowing citizens to use their mandatory pension savings to purchase
HDB flats transformed the programme from a rental scheme into a
homeownership model. By the mid-1980s, over 80 per cent of the pop-
ulation was living in HDB flats, and squatter settlements had been en-
tirely eliminated.

Today, close to 80 per cent of Singapore’s resident population lives
in public housing, and nine out of ten of them own their homes. The
median house price to income ratio for new HDB flats can be as low as
1.9 for lower-income households, compared with 5.7 in New York and
8.5 in London. Satisfaction rates exceed 90 per cent. The estates are im-
maculately maintained, integrated with transport, schools, community
centres, and the famous hawker food centres. The Ethnic Integration
Policy ensures that each block reflects Singapore’s multicultural popu-
lation, preventing the ethnic enclaves that plague housing projects
elsewhere.

Singapore’s model is not without its critics. The leasehold structure
of HDB ownership, typically 99 years, raises questions about long-
term asset value. The system excludes migrant workers, who make up
approximately a quarter of the population. Rising resale prices have
created affordability pressures for younger citizens. But as a demon-
stration of what is possible when government treats housing as a core
function of the state rather than an afterthought, Singapore stands
alone.

At the other end of the spectrum, India’s social housing challenge is
defined by sheer scale. The government’s Pradhan Mantri Awas
Yojana programme, launched in 2015 with the goal of providing hous-
ing for all, has delivered over 10 million homes through a mix of sub-
sidies, credit-linked schemes, and in-situ slum redevelopment. Yet the
deficit persists, because urbanisation generates new demand faster
than construction can satisfy it. India’s approach is necessarily differ-
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ent from Singapore’s — the country is vastly larger, more economically
diverse, and cannot replicate a city-state’s centralised control — but
the ambition is instructive.

China built an estimated 42 million units of subsidised housing
between 2011 and 2015 alone, the largest single housing programme in
human history. Yet China’s property crisis, which began in 2020, has
exposed the fragility of a system that relied heavily on speculative de-
velopment. Hong Kong’s transitional housing programme, using
Modular Integrated Construction, has delivered over 21,000 units at
remarkable speed — a model that has direct relevance for other dense,
land-constrained cities worldwide.

<+

The Americas: From Projects to Favelas

In the United States, social housing takes the form of ‘public housing’
administered by local housing authorities under the oversight of the
Department of Housing and Urban Development. More than 1.2 mil-
lion households live in public housing, with eligibility based on in-
come, citizenship, and allowances for the elderly and people with dis-
abilities. Monthly rents are typically set at 30 per cent of household in-
come.

The American system also operates the Section 8 Housing Choice
Voucher programme, which subsidises rent in private-sector housing
rather than providing publicly owned units. This demand-side ap-
proach avoids some of the stigma and concentration associated with
traditional public housing projects, but it depends on willing private
landlords and a sufficient supply of rental housing — both of which
are increasingly scarce.

American public housing carries a cultural weight that has no equi-
valent in most European countries. The word ‘projects” conjures im-
ages of deteriorating high-rises, racial segregation, crime, and institu-
tional neglect. This is not entirely unfair. Decades of underinvestment
— more than 40 billion dollars in deferred repairs, according to HUD
— have left much of the public housing stock in poor condition. The
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Low-Income Housing Tax Credit programme, which incentivises
private developers to build affordable units, now produces more social
housing than direct public construction. The American model is frag-
mented, underfunded, and politically contested — yet it remains es-
sential for millions of the country’s most vulnerable households.

In Canada, the government has declared a housing emergency and
launched the Build Canada Homes programme with 25 billion dollars
in loans and a billion in equity. Canada’s social housing is managed at
the provincial and municipal level, with a mix of public, non-profit,
and cooperative providers.

Latin America presents a different reality altogether. In Brazil, ap-
proximately 6 million homes are needed, with 25 million families liv-
ing in inadequate housing. The favelas of Sdo Paulo and Rio de Janeiro
are not temporary settlements. They are permanent communities,
many of them decades old, with their own social structures, econom-
ies, and cultures. They exist because the formal housing system has
never served the majority. Government programmes like Minha Casa
Minha Vida have built millions of units, but often in peripheral loca-
tions far from employment, recreating the very isolation they were
meant to address. Chile has made significant progress, reducing the
proportion of families without adequate housing from 23 per cent in
1992 to 10 per cent by 2011, through a combination of direct subsidies
and rent-to-buy schemes. Mexico’s public rental housing is largely
limited to armed forces personnel, illustrating how narrow some na-
tional definitions of social housing can be.

+

Africa: Where the Concept Barely Exists but the Need Is
Greatest

In much of Sub-Saharan Africa, the formal concept of social housing
as it is understood in Europe — publicly provided rental accommoda-
tion at below-market rates — barely exists. What exists instead is self-
build housing at massive scale, informal settlement formation, and, in
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some countries, government-initiated housing programmes that have
reached a fraction of those in need.

South Africa is the notable exception. The post-apartheid govern-
ment, recognising that decades of forced removals and racial segrega-
tion had created an enormous housing deficit, launched the Recon-
struction and Development Programme under President Mandela.
Between 1995 and 2020, more than 3.5 million new homes were
provided. Yet the deficit, estimated at 3.7 million units in 2021, per-
sists. Many of the homes built under government programmes were
located far from urban centres and employment, repeating the spatial
patterns of apartheid in a different form.

In Nigeria, Kenya, Ethiopia, Ghana, and across the continent, the
primary housing provider is not the government. It is the people
themselves, building informally with whatever materials and on
whatever land they can access. In many African cities, 60 to 80 per cent
of new housing is self-built, without formal planning permission,
without title deeds, and without access to basic services. This is not a
failure of the population. It is a failure of the system. When formal
housing costs ten or twenty times the annual income of the majority,
informality is not a choice. It is the only available response.

The concept of social housing in Africa must therefore be broader
than the European definition. It must encompass not only publicly
provided homes but also the upgrading and formalisation of existing
informal settlements, the provision of serviced land with secure ten-
ure, support for incremental self-build, and the creation of financial in-
struments that allow low-income households to improve their housing
gradually over time. A corrugated iron room that becomes, year by
year, a brick house with plumbing and electricity is a form of social
housing delivery. It simply does not look like what that phrase means
in Amsterdam or Vienna.
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The Middle East: Wealth, Migration, and the Gap Between

The Gulf States present a paradox. Countries like the UAE, Saudi Ara-
bia, and Qatar have the financial resources to house their populations
many times over, yet the housing conditions for migrant workers —
who constitute a significant proportion of the population — have been
a persistent source of international criticism. Saudi Arabia’s Vision
2030 programme includes ambitious housing targets that rely heavily
on modern construction methods, but the concept of social housing in
the Gulf is primarily directed at nationals, leaving the migrant work-
force in a separate, often substandard, category.

North Africa faces different pressures. Egypt, Morocco, and Algeria
are all experiencing rapid urbanisation with insufficient formal hous-
ing to match. Egypt’s informal settlements house millions, and govern-
ment efforts to build new cities in the desert have had mixed results in
attracting residents away from the Nile Delta’s overcrowded urban
centres.

Post-conflict zones in Syria, Iraq, and Yemen add a humanitarian di-
mension. Here, social housing is not about long-term policy frame-
works. It is about emergency shelter and reconstruction, often de-
livered through international agencies and NGOs rather than national
governments. Turkey’s response to the 2023 earthquakes, which in-
cluded centrally procured modular villages, demonstrated how mod-
ern prefabricated construction can deliver emergency housing at a
scale and speed that traditional methods cannot match.

<+

The Four Models of Social Housing

Across this diversity, housing researchers have identified four broad
models of social housing, classified by how widely the housing is tar-
geted.
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Model How It Works Who It Serves Examples
Univer- Large social sector open to a broad in- Low, middle, and Netherlands,
salist come range. Social housing is a main- moderate-income Denmark,
stream tenure, not a safety net. households Sweden
Gener- Moderate social sector with relatively ~ Lower-income and Austria, Finland,
alist broad eligibility, though somewhat some middle-in- Czech Republic,
more targeted than universalist mod- come households Poland
els.
Tar- Social housing specifically directed at  Low-income house-  France, Germany,
geted identified low-income groups through  holds, vulnerable Belgium
income testing and needs assess- groups
ment.
Resid- Small social sector serving only the The poorest and UK, Ireland,
ual most disadvantaged. Social housing is most vulnerable United States,

a last resort, not a mainstream option.  only Spain, Portugal

These models are not fixed. Many systems that began as universalist
have become more targeted over time, and the direction of travel in
most OECD countries has been towards smaller, more residual social
housing sectors. This is not an inevitable or desirable trajectory. As the
table illustrates, the countries with the largest and most universalist
social housing sectors — the Netherlands, Austria, Denmark — con-
sistently rank among the most socially cohesive and have the most
stable housing markets. There is a lesson in that.

+

The Global Decline — And Why It Must Be Reversed

Across the OECD, the social housing sector has shrunk in 18 out of 25
countries over the past decade. The reasons vary: Right to Buy policies
that transfer public stock to private ownership, time-limited subsidies
that expire, reduced government investment, the financialisation of
housing, and an ideological shift in many countries towards demand-
side subsidies such as housing vouchers rather than supply-side in-
vestment in building actual homes.

The consequences of this decline are visible everywhere. Waiting
lists that stretch for years. Overcrowded households. Rising homeless-
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ness. Young people unable to leave their parents’ homes. Key workers
— nurses, teachers, police officers — priced out of the cities where
they work. And an increasing concentration of poverty and disadvant-
age in what remains of the social sector, creating the very ghettos and
stigma that opponents of social housing cite as evidence that the mod-
el does not work.

The model works. Vienna proves it. Singapore proves it. Denmark
proves it. Finland proves it. What does not work is a model that has
been defunded, neglected, sold off, and reduced to a residual service
for those with no other options. That is not a failure of social housing.
It is a failure of political commitment.

<+

Towards a Universal Working Definition

Given the extraordinary variation described in this chapter, is it pos-
sible to arrive at a universal definition of social housing that is mean-
ingful across all these contexts? I believe it is, provided we focus on
purpose rather than mechanism.

For the purposes of this book, social housing is defined as follows:

Social housing is any form of housing that is permanently
affordable, publicly accountable, and designed to provide its oc-
cupants with a dignified, safe, and stable home — regardless of
whether it is provided through public ownership, non-profit
management, cooperative structures, subsidised private provi-
sion, supported self-build, or any combination of these.

This definition is deliberately broad. It encompasses a council flat in
London, an HDB apartment in Singapore, a housing association prop-
erty in Amsterdam, a cooperatively owned flat in Copenhagen, a gov-
ernment-subsidised home in Chennai, an incrementally constructed
house in Nairobi, and emergency modular housing in earthquake-
struck Turkey. What unites them is not the mechanism of delivery but
the three core principles:
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Permanently affordable — the housing remains below market rate
not temporarily, not until a subsidy expires, but as a structural feature
of the system. This does not mean the price never changes. It means
the housing is designed, owned, and managed in a way that keeps it
affordable in perpetuity.

Publicly accountable — the provider, whether government, non-
profit, cooperative, or regulated private entity, is accountable to the
public interest rather than to shareholders or profit motives. This ac-
countability may take different institutional forms in different coun-
tries, but the principle is consistent: social housing serves people, not
returns.

Dignified, safe, and stable — the housing meets a standard that al-
lows its occupants to live with dignity. This means structural safety,
access to basic services, security of tenure, adequate space, and design
that is appropriate to the climate and culture. A home, not just shelter.

These three principles are achievable in any country, at any level of
economic development, using any appropriate construction method.
They do not require every nation to replicate Vienna or Singapore.
They require every nation to commit to the outcome — permanently
affordable, publicly accountable, dignified housing — and then find
the delivery mechanism that works within their own context.

That is the framework this book will use. And it is the standard
against which every construction method, funding model, and policy
recommendation in the chapters that follow will be measured.

+
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IN BRIEF

No universal definition: Social housing means fundamentally different
things in different countries. The term, the provider, the tenure model,
the eligibility criteria, and the quality standards all vary enormously.

The spectrum: From Vienna’s 46 per cent social stock to Sub-Saharan
Africa where the formal concept barely exists. From Singapore’s 80 per
cent homeownership model to America’s stigmatised “projects.” From
Denmark’s tenant-governed cooperatives to Germany’s expiring sub-
sidies.

Four models: Universalist (broad access), Generalist (moderate ac-
cess), Targeted (income-tested), and Residual (safety net only). The
trend in most countries has been towards residual — and the con-
sequences are visible.

The decline: Social housing has shrunk in 18 out of 25 OECD countries
over the past decade. The crisis described in Chapter 1 is inseparable
from this decline.

A universal definition: Social housing is any form of housing that is
permanently affordable, publicly accountable, and designed to provide
its occupants with a dignified, safe, and stable home. This definition
will guide the rest of the book.

MY PERSPECTIVE

I have stood inside social housing that worked and inside social housing that
had failed, and the difference was rarely the budget. In Britain, where I trained
and worked, I came to know the estates of the post-war building programme
— some of them, half a century on, still solid, well-loved neighbourhoods; oth-
ers demolished within thirty years. Same period, same public purse, same
good intentions. The difference lay in design, in management, and in whether
anyone had asked the people who would live there what they needed.

That is why I insist on a definition of social housing that is about outcomes
rather than tenure or ownership. In the Gulf I have watched governments
house their citizens through ownership subsidies while the migrant workforce
that builds the cities lives in accommodation nobody would call a home.( al-
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though this is slowly changing ). In Asia I have seen state-built high-rise de-
liver dignity at a scale Europe has never matched. The label attached to the
housing tells you very little. Whether people are safe, secure, and proud of
where they live tells you everything.
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How the World
Responds Today

Region by region, the systems that exist to house people who cannot

house themselves — what they were built to do, what they achieve,

and where they are failing. Then the two machineries that every one

of them depends on: how the money is raised, and how procurement,

insurance and regulation decide whether the money ever becomes

homes.
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CHAPTER 3

Europe
The Established Models Under Pressure

Europe knows how to house its people. It has simply
stopped doing it at the rate they need.

2.25 million 2.8 million £176m

homes short across the households on France’s lost when Britain’s flagship
EU in 2025 waiting list modular factory closed
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Europe invented social housing. From the nineteenth-century philan-
thropic housing trusts of London to the post-war mass construction
programmes that rebuilt a continent, Europe’s nations developed the
most sophisticated, best-funded, and most extensive social housing
systems in the world. For the better part of a century, those systems
worked. They housed millions. They stabilised communities. They un-
derpinned the social contract between citizen and state.

And now, almost without exception, they are failing to keep pace.

The European Investment Bank estimated that the EU needed 2.25
million additional housing units in 2025 — approximately 50 per cent
more than were being built. France requires 518,000 homes annually,
including 198,000 social homes, yet production consistently falls short.
Germany needs 400,000, including 140,000 social units. The Nether-
lands must deliver nearly a million homes by 2031. Sweden requires
over 500,000 by 2033. Residential construction across Europe hit a ten-
year low in 2025, squeezed by rising material costs, elevated interest
rates, and constrained financing.

European Commission President Ursula von der Leyen put it
starkly: “This is more than a housing crisis. This is a social crisis. It
tears at Europe’s social fabric.” In October 2025, EU leaders discussed
housing at the European Council for the first time as a dedicated
agenda item. The Commission’s Affordable Housing Plan, published
in December 2025, and the European Parliament’s proposals from
March 2026 set out practical steps. The European Parliament estab-
lished a special committee to analyse the root causes of the crisis. The
EIB announced a ten-billion-euro action plan. MEPs called on member
states to at least double their funding for affordable housing.

Europe is not short of policy attention. What it is short of is homes.
This chapter examines why, country by country, and assesses where
modern construction methods offer a credible path out of the impasse.

<+
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The Netherlands: The Model That Cannot Build Fast Enough

The Netherlands has long been the reference point for social housing
done well. Approximately 30 per cent of Dutch housing is social rent-
al, managed by independent housing associations that operate as non-
profit bodies under government regulation. The quality is generally
high. The system is well-funded. Dutch housing associations delivered
one-third of all new housing completions in recent years, demonstrat-
ing the counter-cyclical resilience of the social sector when private de-
velopment slows.

And yet the Netherlands faces a housing shortage of approximately
396,000 homes, representing nearly 5 per cent of the total housing
stock. If current trends continue, that shortfall is forecast to rise to
453,000 by 2027. Despite a target of building 100,000 homes annually,
only 82,000 were delivered in 2024. More than 40 per cent of young
Dutch people report having to postpone major life decisions because
they cannot find a home.

The causes are instructive. Planning regulations in Dutch cities are
among the strictest in Europe, constraining the speed at which new
sites can be brought forward. A social housing rent freeze, introduced
to protect tenants during the cost-of-living crisis, has simultaneously
restricted the rental income that housing associations need to invest in
new construction. The European Commission’s state aid ruling re-
quired housing associations to target lower-income groups more
tightly, reducing the universalist character of the system. And con-
struction costs have risen sharply, driven by material price inflation,
energy costs, and labour shortages.

The Dutch experience reveals a paradox that echoes across Europe:
the countries with the strongest social housing traditions are not im-
mune to crisis. Having the institutional framework is necessary but not
sufficient. Without continuous political commitment, sustained fund-
ing, and construction systems that can deliver at the required pace,
even the best models fall behind.

The Netherlands has been a pioneer in modular and hybrid con-
struction, with projects like Amsterdam’s Hotel Jakarta and the timber
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housing developments led by firms like SeARCH demonstrating what
is possible. The challenge is scaling these innovations from architectur-
al showcase to mainstream delivery.

+

The United Kingdom: Ambition Without Capacity

The United Kingdom’s social housing story is one of rise, decline, and
unresolved tension between ambition and delivery.

The UK built social housing at enormous scale in the post-war dec-
ades — council estates, new towns, and high-rise developments that
rehoused millions. At its peak, local authorities were building over
100,000 homes a year. Then came the Right to Buy policy of the 1980s,
which allowed tenants to purchase their council homes at significant
discounts. Over 2 million homes have been sold under the scheme
since its introduction. The stock was not replaced. Shelter estimates a
net loss of nearly half a million social housing units since 2000.

The current government has committed to building 300,000 homes
a year and restoring mandatory housing targets. At least 40 per cent of
homes in planned new towns are to be affordable or social housing.
The ambition is clear. But the construction industry estimates it needs
225,000 new workers by 2027 to meet these targets, and the pipeline of
skilled tradespeople is nowhere near sufficient. Nearly 22 per cent of
the UK construction workforce is aged over 50. The gap between polit-
ical promise and physical capacity is the defining challenge.

It is in this context that modern methods of construction have be-
come central to UK housing policy. The government’s £11.5 billion Af-
fordable Housing Programme mandated that at least 25 per cent of
new affordable homes be built using MMC. Homes England, the gov-
ernment’s housing delivery agency, has reported exceeding its own
MMC delivery targets. The new Social and Affordable Housing Pro-
gramme running from 2026 to 2036 continues to welcome bids where
MMC supports delivery.

The UK's prefabricated buildings market was valued at approxim-
ately 14.65 billion US dollars in 2026, with timber leading at 33 per
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cent market share, driven by the government’s carbon-sequestration
goals and the Timber in Construction Roadmap. Scotland, which de-
clared a housing emergency in 2024, is the fastest-growing region for
modular construction, with planning reforms that permit modular
projects on unallocated sites where sustainability criteria are met.
Wales has published a pattern book of 15 house types optimised for
modular production, targeting 20,000 homes.

Yet the UK’s MMC sector has also experienced high-profile failures.
Legal and General’s modular factory in Selby closed in 2023 after re-
portedly losing £176 million, unable to secure the pipeline of work
needed to reach its 3,500-homes-a-year target. Several other modular
firms have entered administration. The lesson is consistent: modular
construction requires guaranteed volume. A factory cannot operate
economically on intermittent orders. Without pipeline certainty —
which in practice means long-term government commitment and
framework agreements — even well-capitalised manufacturers will
fail.

The new standard PAS 8700:2025, covering MMC in new-build res-
idential construction, and the Digital Kit of Parts initiative from the
Ministry of Housing represent attempts to create the standardisation
and regulatory framework that the sector needs. Whether they trans-
late into the pipeline certainty that manufacturers require remains to
be seen.

France: The Weight of Waiting

France has one of the largest social housing sectors in Europe, with ap-
proximately 5 million units managed by HLM organisations. French
social housing is relatively well-funded, reasonably well-maintained,
and architecturally diverse. The system has produced some genuinely
outstanding developments, from the renovation of historic Parisian
buildings to innovative mixed-use schemes in Lyon and Nantes.

But the waiting list tells the real story. In 2025, 2.8 million applica-
tions for social housing were pending in France — a record high. The
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Social Union for Housing estimates that 518,000 homes need to be sup-
plied each year until 2040 to satisfy demand, of which 198,000 should
be social housing. Current production falls well short.

French social housing faces a particular structural challenge. The
SRU law, enacted in 2000, requires municipalities with more than 3,500
inhabitants in urban areas to maintain at least 20 to 25 per cent social
housing in their housing stock. Municipalities that fail to meet this
quota face financial penalties. In theory, this is an effective mechanism.
In practice, some wealthy municipalities have simply paid the fines
rather than permit social housing construction, treating the penalty as
a cost of exclusion. The law has produced results — social housing
construction has increased in many areas — but it has also revealed
the limits of legislative mandates without matching construction capa-
city.

France’s construction sector faces the same pressures as its neigh-
bours: rising costs, labour shortages, and planning delays. The coun-
try’s adoption of modern construction methods has been slower than
in the UK or Scandinavia, though the EU’s new Affordable Housing
Plan and the European Strategy for Housing Construction, which fo-
cuses on boosting productivity in the building sector, may accelerate
this.

Germany: The Disappearing Stock

Germany’s social housing system has a structural flaw that no other
European country has replicated: its social housing expires.

The German model is based on time-limited subsidies. A landlord
— public, non-profit, or private — receives a subsidy to build housing
and, in return, agrees to rent it at below-market rates for a fixed peri-
od, typically fifteen to thirty years. When that period expires, the rent
restrictions are lifted, and the housing becomes part of the private
market. The result is that Germany loses approximately 100,000 social
housing units every year to the private sector without those units be-
ing replaced at equivalent scale.
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The practical consequence is a social housing sector in structural de-
cline. In German cities like Berlin, Munich, Hamburg, and Frankfurt,
demand for affordable housing massively outstrips supply. Germany
needs an estimated 400,000 new homes annually, including 140,000 so-
cial units, but construction has been declining. The situation in Berlin
has become so acute that the city government held a referendum on
whether to expropriate large private landlords — a measure that
passed with 59 per cent support, though its implementation remains
legally contested.

Germany has begun to address the construction side of the equa-
tion. In 2025, the government cleared a bill to expedite housing con-
struction by cutting red tape. But the fundamental structural issue —
that social housing has a built-in expiry date — means that even accel-
erated construction is running to stand still. Any global framework for
social housing must learn from this: permanence of affordability, as
defined in Chapter 2, is not a desirable feature. It is an essential one.

<4

Scandinavia: Innovation at the Leading Edge

If Europe’s established social housing systems represent the institu-
tional foundation, Scandinavia represents the innovation frontier —
both in housing policy and in construction technology.

The Scandinavian countries have the most mature modular and
timber construction industries in Europe. Sweden'’s factory-built hous-
ing sector has decades of experience. Finland’s municipal housing
companies deliver approximately one-fifth of new housing comple-
tions. Denmark’s tenant-governed cooperative model provides a blue-
print for community-led housing delivery. In all three countries, the
use of cross-laminated timber and mass timber structural systems is
far more advanced than in the UK or Southern Europe.

Finland deserves particular attention for its Housing First policy,
which has made it the only EU country where homelessness is consist-
ently declining. The policy is deceptively simple in concept: provide
homeless individuals with a permanent home first, then address other
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issues such as addiction, mental health, or unemployment. The con-
ventional approach — requiring people to demonstrate "housing read-
iness’ before providing housing — is reversed. Finland’s results have
been sufficiently compelling that the model is now being studied and
replicated in cities across Europe and beyond.

Sweden’s housing system, where municipal housing companies
provide rental housing with rents negotiated through collective bar-
gaining between tenant unions and landlords, offers a different model
of affordability. It is not technically social housing by most definitions,
yet it achieves a similar outcome through a different mechanism. The
Swedish National Tenants” Union, with over 500,000 member house-
holds, demonstrates that tenant power can be an effective counter-
weight to market forces.

However, even Scandinavia is not immune. Sweden requires over
500,000 new homes by 2033, and recent years have seen declining con-
struction due to rising costs and constrained financing. Denmark and
Finland report similar pressures. The Scandinavian countries demon-
strate that good policy and good construction technology are neces-
sary but not sufficient. Sustained investment is the third leg of the
stool.

Southern and Eastern Europe: Different Histories,
Converging Pressures

Southern and Eastern Europe present a distinct set of challenges,
shaped by very different housing histories.

Spain’s housing stock is almost entirely owner-occupied, with 95
per cent of rental units owned by individuals rather than institutions.
Social housing as a rental tenure is minimal. The country faces a
severe affordability crisis, particularly in cities like Barcelona, which
reported the worst housing affordability in Europe in the 2025 Euro
cities survey. In Lisbon, the projected share of salary spent on rent
reached 116 per cent — meaning the average salary was insufficient to
cover average rent. The proliferation of short-term holiday rentals
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through online platforms has been widely blamed for exacerbating
shortages in tourist-heavy cities, and several municipalities have intro-
duced restrictions in response.

Italy’s social housing sector is small and regionally fragmented,
with long waiting lists in major cities and significant variation in qual-
ity between the north and south. Portugal and Greece have minimal
social housing stock and face acute affordability pressures driven by
international demand, investment migration, and tourism.

Eastern Europe’s housing landscape is shaped by the legacy of So-
viet-era mass housing. The “paneldk’ and ‘panelhaz’” apartment blocks
of the Czech Republic, Slovakia, Hungary, Poland, and the former East
Germany were built at extraordinary scale but are now ageing, energy-
inefficient, and in many cases in need of fundamental renovation.
Hungary built 788,000 panel flats between 1959 and 1990, housing ap-
proximately one-fifth of the country’s population. The privatisation of
this stock after 1989 transferred ownership to residents, many of
whom lacked the resources for maintenance and improvement. The
result is a vast inventory of housing that is technically owner-occupied
but practically deteriorating.

For these countries, the challenge is not only building new social
housing but retrofitting and modernising the existing stock — a task
that requires construction methods capable of delivering energy-effi-
ciency upgrades at scale and at manageable cost. Panelised over clad-
ding systems, factory-manufactured insulation and window packages,
and modular bathroom and kitchen pod replacements all have direct
applicability. The challenge, as always, is funding.

<+

The European Response: Policy Catching Up with Crisis

The EU’s institutional response to the housing crisis has accelerated
markedly since 2024. The European Affordable Housing Plan, adopted
in December 2025, is the Commission’s flagship response, built on four
pillars: boosting housing supply, mobilising investment for digitalisa-
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tion and growth in the renovation sector, advancing regulatory re-
forms, and protecting the most vulnerable.

The financial commitments are substantial. More than 43 billion
euros were mobilised for 2021-2027, topped up by an additional 10 bil-
lion for 2026-2027. The mid-term revision of cohesion funds doubled
the allocation for affordable and social housing. A European Housing
Summit was announced for 2026, and a new European Housing Alli-
ance of member states, cities, regions, institutions, housing providers,
and civil society was established to implement the plan.

The European Strategy for Housing Construction, complementing
the Affordable Housing Plan, focuses specifically on boosting pro-
ductivity and tackling inefficiencies in the construction sector. This is
significant. EU analysis has found that only about 25 per cent of
European construction firms invest in innovation. Many are very small
businesses, operating project to project, without the capital or capacity
to adopt modern methods. The strategy recognises that the housing
crisis cannot be solved purely through funding. It requires a funda-
mental transformation of how Europe builds.

<+

Modern Construction in Europe: Where the Opportunity Lies

Europe led the global modular construction market in 2024 with a 42
per cent share, largely driven by the established sectors in Germany,
the UK, and Scandinavia. But adoption remains uneven, and the po-
tential for growth is enormous.

The most immediate opportunities lie in three areas.

First, scaling timber construction. Timber already leads the UK
prefabricated buildings market with a 33 per cent share. Scandinavia
has decades of experience with CLT and mass timber systems. The
EU’s net-zero commitments create a powerful tailwind for timber as a
structural material, since it sequesters carbon rather than emitting it.
The Government’s Timber in Construction Roadmap and similar initi-
atives across Northern Europe are designed to accelerate this. The op-
portunity is for Southern and Eastern European countries, where tim-
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ber construction is less established, to leapfrog conventional ap-
proaches.

Second, industrialising renovation. Half of Europe’s housing stock
was built before 1980. Much of it is energy-inefficient and needs up-
grading. Factory-manufactured retrofit solutions — pre-measured,
pre-cut insulation panels, window and door cassettes, modular service
upgrades — can deliver energy-efficiency renovations faster, with less
disruption to occupants, and at lower cost than traditional approaches.
The Dutch Energiesprong model, which delivers whole-house retrofits
to a guaranteed energy performance standard, has demonstrated that
this is technically and commercially viable. Scaling it across the contin-
ent is one of the most significant opportunities in European construc-
tion.

Third, creating pipeline certainty for manufacturers. The single
most important lesson from the UK’s experience with modular con-
struction is that factories need guaranteed volume. Framework agree-
ments, long-term government procurement commitments, and cross-
border manufacturing partnerships can provide this. The EU’s institu-
tional framework, with its ability to coordinate procurement across
member states and channel investment through the EIB, is uniquely
positioned to create the conditions in which European modular manu-
facturers can invest, scale, and deliver.

<+

Europe at a Glance

Country  Social Stock Annual Need Key Challenge MMC Opportunity

Nether- ~30% of 100,000/yr target  Planning speed, Hybrid modular, En-

lands stock rent freeze impact  ergiesprong retrofit

UK ~17% of 300,000/yr target  Workforce short- Timber frame, volu-
stock age, Right to Buy metric, panelised

legacy

France ~18% of 518,000/yr total 2.8m waiting list, Emerging MMC ad-

stock construction lag option
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Country  Social Stock Annual Need Key Challenge MMC Opportunity
Germany  Declining (ex- 400,000/yr 100,000 units lost/  Panelised, retrofit at
piring sub- needed yr to private sector  scale
sidies)
Nordics 20%-+ (var- 500,000+ by Rising costs, de- CLT/mass timber,
ies) 2033 (Sweden clining construction  factory housing,
alone) leading edge
Southern  <5% inmost  Severe affordab- ~ Short-term rentals, Potential to leapfrog
Europe ility crisis tourism pressure traditional methods
Eastern Privatised Retrofit + new Ageing panel build- Overcladding, modu-
Europe Soviet stock  build ings, energy ineffi-  lar retrofit, pod sys-

ciency tems

+

What Europe Teaches the World

Europe’s experience offers several lessons that are relevant globally.

The first is that social housing systems, once built, must be continu-
ously maintained, funded, and replenished. The UK’s Right to Buy,
Germany’s expiring subsidies, and the declining investment across the
continent all demonstrate what happens when political commitment
wavers. A system that took decades to build can be hollowed out in a
generation.

The second is that construction technology and housing policy
must advance together. The Scandinavian countries demonstrate that
timber and modular construction can deliver high-quality social hous-
ing at competitive cost. The UK demonstrates that without pipeline
certainty, even well-capitalised manufacturers will fail. The Nether-
lands demonstrates that innovative retrofit solutions can extend the
life and performance of existing stock. Policy without technology de-
livers promises. Technology without policy delivers pilot projects. The
two must be connected.

The third is that the EU’s institutional framework — its ability to co-
ordinate policy, channel investment, set standards, and create cross-
border procurement frameworks — represents a model for how re-
gional bodies elsewhere in the world might accelerate housing deliv-
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ery. Africa’s regional development banks, Asia’s multilateral institu-
tions, and the Organisation of American States could all learn from the
EU’s emerging approach to housing as a pan-continental priority.

Europe got social housing right, for a long time, in many places. It is
now struggling to maintain what it built and to build what it needs.
The answers exist — in the factories of Scandinavia, in the policy
frameworks of Vienna, in the retrofit programmes of the Netherlands,
in the MMC mandates of the UK. What is needed is the will to deploy
them at the scale the crisis demands.

In the next chapter, we turn to a continent where the housing deficit
dwarfs anything Europe faces, where the institutional frameworks are
far less developed, and where the opportunity for modern construc-
tion to make its greatest impact is arguably greater than anywhere else
on earth.
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IN BRIEF

The scale: The EU needed 2.25 million additional housing units in 2025,
approximately 50 per cent more than were being built. Residential con-
struction hit a ten-year low.

The big five: Netherlands (30% social stock, 396,000 home shortage),
UK (300,000/yr target, workforce crisis), France (2.8 million waiting
list), Germany (100,000 social units lost annually), Nordics (innovation
leaders under cost pressure).

Southern and Eastern Europe: Severe affordability crises driven by
tourism, short-term rentals, and low social housing stock. Ageing So-
viet-era panel buildings requiring massive retrofit investment.

EU response: Affordable Housing Plan (December 2025), €10 billion
EIB action plan, cohesion fund doubling, European Housing Summit
2026, European Strategy for Housing Construction.

MMC opportunity: Scaling timber construction, industrialising renova-
tion (Energiesprong model), and creating pipeline certainty through
long-term procurement frameworks.

The lesson: Social housing systems must be continuously maintained
and funded. Construction technology and housing policy must advance
together. Pipeline certainty is the precondition for manufacturing scale.

MY PERSPECTIVE

Britain trained me. It is where I learned to design, where my work won its
awards, and where I first watched a public housing system that had once been
the envy of the world quietly run down through decades of underinvestment
and the sale of its best stock. I have enormous affection for the country and no
illusions about its housing record.

What strikes me about Europe, having lived outside it for twenty years, is
how much it knows and how little it applies. Sweden builds most of its single-
family homes in factories. Vienna has shown for a century that public housing
can be desirable. The Netherlands has invented whole new ways of retrofitting
old stock. And yet the United Kingdom, with all of that on its doorstep, still
arqgues about whether factory-built housing is a serious proposition, and its
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most ambitious modular ventures have collapsed for want of a guaranteed
pipeline. Europe does not lack solutions. It lacks the political patience to com-
mit to them for longer than one electoral cycle.
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CHAPTER 4

Sub-Saharan Africa

The Greatest Need, the Greatest Opportunity

Africa’s cities are being built by their own residents,
one block at a time, faster than any government can
plan.

51 million 60-90% 700 million

unit housing deficit of new homes are self-built  more urban residents by
2050
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In Kibera, on the outskirts of Nairobi, approximately 250,000 people
are packed into 2.5 square kilometres of corrugated tin and mud.
There is no formal sanitation. No piped water to most dwellings. No
paved roads. No tenure security. The residents of Kibera do not live
there because they lack ambition or resourcefulness. They live there
because Kibera is the housing that the city of Nairobi has provided by
default — not through design, not through policy, but through the ab-
sence of both.

In Lagos, entire families sleep in construction sites, unfinished
buildings, and under bridges. In Makoko, the ‘floating slum” built on
stilts over the Lagos Lagoon, tens of thousands of people have created
an entire community from nothing — with schools, markets, and
churches — because the formal housing system has given them noth-
ing to work with. In Cape Town’s townships, residents who applied
for subsidised housing in 1993 are still waiting. In Addis Ababa, one of
Africa’s fastest-growing cities, new construction has been banned from
using natural materials since 2009, limiting solutions in precisely the
communities that need them most.

Sub-Saharan Africa faces a housing deficit of at least 51 million
units, with a financing gap that the International Finance Corporation
puts at 1.4 trillion US dollars. If current trends continue, the continent-
al housing deficit is expected to reach 130 million units by 2030. By
2050, an estimated 700 million additional people will live in African
cities — a wave of humanity equivalent to nearly twice the current
population of the United States arriving in urban centres within a
single generation.

These numbers are so large that they risk becoming abstract. They
should not be. Behind every unit of housing deficit is a family. Behind
every informal settlement is a community that has built what it can
with what it has, because no one else has built for them. This chapter
examines the nature and scale of Africa’s housing crisis, why it per-
sists, and how modern construction methods — adapted to African
contexts rather than imported wholesale from Europe or Asia — rep-
resent the continent’s greatest opportunity to close the gap.

+
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A Continent Building Itself

Africa is urbanising faster than any other continent in human history.
Sub-Saharan Africa’s urbanisation rate runs at over 4 per cent annually
in many countries. The United Nations projects that by 2050, Africa’s
urban population will more than double. Lagos, Kinshasa, Dar es Sa-
laam, Nairobi, Addis Ababa, Kampala, Accra, Luanda — these cities
are expanding at rates that European planners would struggle to com-
prehend. And they are expanding without the housing, infrastructure,
or institutional frameworks to absorb the growth.

The consequences are visible from the air and from the ground. Ac-
cording to UN-Habitat, 53.6 per cent of Sub-Saharan Africa’s urban
dwellers live in slum conditions — the highest rate of any region glob-
ally. In some countries, the figure exceeds 70 per cent. In Africa, 62 per
cent of urban dwellings are classified as informal. On average, house-
holds in Sub-Saharan Africa spend 43.5 per cent of their income on
shelter, compared with a global average of 31 per cent. That leaves less
for food, less for healthcare, less for education, and nothing for sav-
ings.

The formal housing supply caters primarily to an emerging middle
class and a small wealthy elite. In most African cities, the cheapest
formally built house costs between five and fifteen times the annual in-
come of the majority of the population. Formal housing is unafford-
able for over 85 per cent of the urban population. The gap between
what people earn and what a basic formal home costs is not a gap that
can be closed by incremental improvements in wages or marginal re-
ductions in construction cost. It is a chasm that requires an entirely
different approach to housing delivery.

*

Country by Country: The Human Scale

Nigeria is Africa’s most populous nation and its most urbanised. An
estimated 79 per cent of the population in the largest cities live in
slums without access to clean water, sanitation, or secure tenure. The
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minimum wage sits at around 77,000 naira — roughly fifty US dollars
a month — while renting a basic studio apartment in Lagos averages
800,000 naira. Informal settlements like Makoko have expanded relent-
lessly as urban migration outpaces every institutional response. The
contrast between the luxury developments rising in Ikoyi and Lekki
and the conditions in which the majority live is as stark as anywhere
on earth.

Kenya’s annual housing demand is estimated at 250,000 units, but
only approximately 50,000 are supplied — a supply-demand gap of
200,000 units per year. The accumulated deficit has compounded into
a backlog of over 2 million units since 2008. In 2022, the government
pledged 500,000 affordable homes under the Big Four Agenda. By the
end of 2021, just 431 had been delivered — less than 1 per cent of the
target. Administrative hurdles, bureaucratic bottlenecks, and corrup-
tion have been repeatedly cited as systemic obstacles. The current ad-
ministration’s Affordable Housing Programme has made more visible
progress, with major projects underway in Kibera, Shauri Moyo, and
the massive Mukuru development, but legal disputes have repeatedly
delayed occupancy timelines.

South Africa has the most developed social housing programme on
the continent. The post-apartheid government’s Reconstruction and
Development Programme, followed by the Breaking New Ground pro-
gramme, provided over 3.5 million new homes between 1995 and
2020. Yet the housing shortage was still estimated at 3.7 million units
in 2021. Many homes were built far from urban centres and employ-
ment, repeating the spatial patterns of apartheid in a different form.
Amnesty International’s 2025 report found that the lack of well-loc-
ated affordable housing has driven the growth of informal settlements
on flood-prone and low-lying land, exposing millions to repeated cli-
mate risks. The government’s own officials have acknowledged that in-
formal settlements are ‘not planned settlements’ and inherently lack
basic services — a statement that Amnesty characterised as an abdica-
tion of constitutional responsibility.

Ethiopia’s capital, Addis Ababa, is one of Africa’s fastest-growing
cities. The government has invested heavily in social housing through
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the Integrated Housing Development Programme, which has de-
livered hundreds of thousands of condominium units. But the pro-
gramme has been criticised for building housing that remains unaf-
fordable for the lowest-income households, for relocating communities
to peripheral locations, and for quality issues in the finished buildings.
The ban on natural building materials in Addis Ababa since 2009 has
further constrained the range of construction solutions available.

Rwanda represents a different trajectory. The country has pursued
an ambitious urbanisation strategy, with Kigali emerging as one of
Africa’s most orderly and well-planned capitals. Rwanda’s govern-
ment has actively promoted affordable housing and partnered with in-
ternational organisations to explore prefabricated and modular solu-
tions. The scale is smaller, but the intentionality of the approach offers
lessons for the wider continent.

Ghana, Tanzania, Uganda, Mozambique, and the Democratic Re-
public of Congo all face variations of the same fundamental chal-
lenge: populations growing faster than housing supply, urbanisation
outstripping infrastructure, land tenure systems that inhibit formal de-
velopment, and construction costs that exclude the majority.

‘

The Six Interlocking Barriers

Six interlocking challenges drive Africa’s housing crisis. Solving any
one in isolation will not be enough. They must be addressed together,
or the system remains locked.

1. Broken Land Systems. Across Sub-Saharan Africa, multiple con-
tradictory land tenure systems frequently apply to the same piece of
ground simultaneously. Customary tenure, colonial-era title systems,
post-independence state land claims, and informal occupation rights
often overlap, creating legal uncertainty that deters private investment
and leaves residents in informal settlements permanently vulnerable
to eviction. Without secure tenure, households cannot invest in im-
proving their homes, cannot use property as collateral for loans, and
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cannot plan for the future. Land reform is the foundation without
which every other intervention is built on sand.

2. Inaccessible Finance. According to the World Bank, only 15 per
cent of adults in Sub-Saharan Africa are eligible to apply for formal
financing, and in recent years only around 5 per cent of adults man-
aged to secure a mortgage loan from a formal bank. The majority of
the poor and middle class are informally employed, which means they
cannot meet the documentation requirements of conventional mort-
gage systems. Housing microfinance products — smaller loans for in-
cremental building, home improvement, and land purchase — have
shown promise, but they remain limited in scale. In Tanzania, Habitat
for Humanity and the Tanzania Mortgage Refinance Company
launched new retail and wholesale housing microfinance products in
early 2026, designed for informal-sector workers. These innovations
need to be replicated across the continent.

3. Infrastructure Deficits. Housing cannot exist in isolation from
roads, water, sanitation, electricity, and drainage. In much of Sub-
Saharan Africa, this infrastructure either does not exist or is concen-
trated in small pockets of formal development. Building homes
without services is not housing delivery. It is shelter without the sys-
tems that make shelter liveable. Yet providing infrastructure retroact-
ively to informal settlements that have already formed is vastly more
expensive than providing it upfront as part of planned development.
The infrastructure deficit is both a cause and a consequence of the
housing deficit.

4. Governance Failures. Corruption, bureaucratic complexity, and
institutional incapacity undermine housing delivery across the contin-
ent. In Kenya, researchers have documented how officials create ad-
ministrative obstacles specifically to extract payments from de-
velopers. In many countries, obtaining a construction permit takes
months or years and costs a multiple of the regional average. Govern-
ment housing programmes, when they do deliver, often suffer from
poor targeting, political patronage, and quality failures. Governance
reform is not a sufficient condition for solving the housing crisis, but it
is a necessary one.
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5. Construction Cost Pressures. The cost of conventional construc-
tion in Africa is high relative to incomes. Imported materials — ce-
ment, steel, glass — carry transport costs that inflate prices. Local sup-
ply chains for construction materials are underdeveloped. The reliance
on concrete frame and block construction, which requires significant
quantities of imported Portland cement, makes the default building
method one of the most expensive per unit of habitable space. Altern-
ative materials and methods that use locally available resources are
needed but face regulatory barriers and cultural resistance in many
markets.

6. The Sheer Speed of Urbanisation. Africa is not urbanising
gradually. It is urbanising at a pace that overwhelms every institution-
al response. By the time a housing programme is designed, approved,
funded, and begins construction, the population it was designed to
serve has already grown by a significant fraction. The speed of the
challenge demands construction methods that can match it — meth-
ods that can deliver housing in weeks and months rather than years,
that can scale without proportional increases in skilled labour, and
that can be deployed in contexts where the supporting infrastructure
may not yet exist.

The Genius of Self-Build — And Its Limits

It is essential, when discussing African housing, not to patronise the
people who have built the cities that exist. The informal settlements of
Lagos, Nairobi, Accra, and Dar es Salaam are not failures of their res-
idents. They are extraordinary achievements of human resourceful-
ness in the absence of institutional support.

Self-build housing — where families construct and incrementally
improve their own homes over time, often over years or decades — is
the dominant form of housing delivery across the continent. It ac-
counts for between 60 and 90 per cent of new housing in most African
cities. It is responsive to the actual income and circumstances of
households. It creates local employment. It uses locally available ma-
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terials. It allows families to invest gradually as their resources permit.
A corrugated iron room that becomes, room by room, year by year, a
brick house with plumbing and electricity is a legitimate and effective
form of housing production.

But self-build has inherent limits. Without secure tenure, the invest-
ment is always at risk. Without access to finance, improvement is pain-
fully slow. Without building codes and technical guidance, structural
quality varies dramatically. Without infrastructure provision, even a
well-built home lacks the services that make it habitable. And self-
build, by definition, cannot operate at the speed or scale that Africa’s
urbanisation demands.

The challenge is not to replace self-build but to augment it — to
provide the land security, financial instruments, technical support, and
infrastructure that allow self-build to function as a genuine housing
delivery system rather than a survival mechanism. And to comple-
ment it with manufactured and prefabricated solutions that can deliv-
er complete, serviced housing at the volume and pace the continent re-
quires.

Modern Construction for African Contexts

When practitioners in the UK or Scandinavia discuss modern methods
of construction, they typically mean volumetric modular buildings
manufactured in high-tech factories and transported by lorry to pre-
pared sites. That model has a role in Africa — particularly for institu-
tional housing, student accommodation, healthcare facilities, and
worker camps — but it is not the primary opportunity.

The primary opportunity in Africa lies in construction methods that
sit between traditional self-build and full factory production. These
are methods that reduce cost, improve quality, increase speed, and use
locally available materials and labour, while being appropriate to the
economic and logistical realities of the continent.

Compressed Earth Blocks (CEBs) offer one of the most promising
pathways. Earth is the most abundant building material on the planet.
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Compressed earth block technology uses locally sourced soil, stabil-
ised with a small percentage of cement, compressed in manual or mo-
torised presses to produce blocks that are stronger, more dimension-
ally consistent, and more thermally effective than traditional mud
bricks. CEB production can be set up locally at low capital cost, creates
employment in the community, dramatically reduces the need for im-
ported materials, and produces buildings with excellent thermal mass
for hot climates. The technology is proven and well-documented, but
remains underused due to regulatory frameworks that favour conven-
tional concrete block and cultural perceptions that associate earth con-
struction with poverty rather than innovation.

Prefabricated Panel Systems designed for African contexts can de-
liver walls, floors, and roof elements that are manufactured in regional
workshops and assembled on site by semi-skilled workers. Regional
manufacturers have demonstrated that prefabricated modular build-
ings can be delivered at up to 30 per cent lower cost than traditional
construction and constructed up to six times faster, with buildings de-
signed for Africa’s diverse climates, built with fire-retardant materials
certified through Agrément South Africa, and requiring minimal
maintenance. The challenge is not the technology. It is creating the de-
mand pipeline and financing mechanisms to scale it.

Container and Modular Housing has a specific role in emergency
housing, worker accommodation, and institutional buildings. Across
the continent, companies are delivering modular worker camps, clin-
ics, schools, and temporary housing using container-based systems.
For permanent residential housing, container conversion has signific-
ant limitations — thermal performance in hot climates, internal di-
mensions, and cultural acceptability all require careful consideration.
But for rapid deployment in crisis contexts, the model works.

Incremental Housing Systems represent perhaps the most cultur-
ally and economically appropriate innovation. These are construction
systems designed to be built in stages — a structurally complete core
unit that provides a safe, serviced home from day one, with pre-de-
signed expansion points that allow the household to add rooms, im-
prove finishes, and upgrade services over time as their income per-
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mits. International sustainable-construction awards have recognised
incremental housing as a model for global equity. The Sustainable In-
cremental Construction Unit prototype in Addis Ababa, built from
prefabricated concrete and lightweight timber frames, was constructed
in ten days and demonstrates that incremental does not mean inform-
al.

3D-Printed Housing has generated enormous media attention in
the African context, with pilot projects in several countries. The tech-
nology’s promise — reducing labour requirements, using locally avail-
able materials, and delivering structural shells in days — is compel-
ling. However, the current state of the technology limits it to single-
storey structures, requires significant upfront capital for the printers,
and raises questions about maintenance and scalability. It is a techno-
logy to watch rather than a technology to rely upon. Within a decade,
it may have a significant role. Today, it supplements rather than re-
places the proven methods described above.

+

The Leapfrog Precedent

There is a precedent for Africa bypassing conventional development
pathways to adopt technologies that are better suited to its circum-
stances. It happened with telecommunications.

In the early 2000s, Africa had virtually no fixed-line telephone infra-
structure. Rather than building the networks that had taken Europe
and North America a century to develop, the continent leapfrogged
directly to mobile telephony. Today, Africa has over a billion mobile
phone subscriptions. Mobile banking, through platforms like M-Pesa
in Kenya, has brought financial services to hundreds of millions of
people who never had a bank account. The fixed-line infrastructure
that was never built was never needed.

The parallel with construction is not exact, but the principle is rel-
evant. Africa does not need to replicate the construction pathways of
Europe — the decades-long development of heavy manufacturing ca-
pacity, the massive capital investment in centralised factories, the es-
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tablishment of complex supply chains for imported materials. Instead,
it has the opportunity to develop distributed, locally appropriate man-
ufacturing capacity using materials that are available on the continent,
combined with digital design tools that are already accessible via mo-
bile devices, and financial instruments that match the realities of in-
formal-sector incomes.

The mobile phone revolution succeeded because the technology
was appropriate to the context, the business model matched the cus-
tomer’s ability to pay (prepaid credit rather than monthly contracts),
and the infrastructure requirement was distributed rather than cent-
ralised (cell towers rather than cable networks). A housing construc-
tion revolution in Africa will succeed for similar reasons: appropriate
technology, matching financial instruments, and distributed manufac-
turing rather than centralised production.

<+

Financing African Housing: Beyond the Mortgage

The conventional mortgage — a large loan secured against property,
repaid over twenty or thirty years — is the foundation of housing fin-
ance in the developed world. It is almost entirely irrelevant to the ma-
jority of Africans.

Only a tiny fraction of Africa’s population can access a mortgage.
The reasons are structural: informal employment means no payslips,
no tax records, and no formal proof of income. Land without clear title
cannot serve as collateral. Interest rates in many African countries are
prohibitively high. The banking system is simply not designed for the
way most Africans earn and save.

The financial innovations that will close Africa’s housing gap must
therefore look fundamentally different from the mortgage-based sys-
tems of Europe and North America. Housing microfinance — smaller
loans of hundreds or thousands of dollars rather than tens of thou-
sands, repaid over shorter periods, secured against the incremental
improvement of the home rather than against the land title — has
shown that it is possible to lend to informal-sector workers for housing
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purposes. The Tanzania model launched in early 2026, creating
products specifically for informal-sector households, represents ex-
actly the kind of innovation that needs to be scaled continent-wide.

Savings groups and cooperatives, community land trusts, pay-as-
you-build programmes, and mobile-money-based housing savings
products all have roles to play. The 1.4 trillion-dollar financing gap
identified by the IFC will not be closed by a single instrument. It will
be closed by an ecosystem of financial tools, matched to the diverse in-
come profiles and employment patterns of Africa’s population.

International development finance — from the World Bank, the
African Development Bank, the IFC, bilateral aid agencies, and social
impact investors — has a critical catalytic role. Not as the primary fun-
der of individual homes, but as the provider of patient capital for in-
frastructure, manufacturing capacity, and the institutional frameworks
that enable private and community investment to flow.

‘

What Must Change

Africa’s housing crisis will not be solved by any single intervention. It
requires simultaneous action on multiple fronts.

Land reform must create secure, transparent, and enforceable ten-
ure systems that allow the majority — not just the wealthy — to own,
build on, and invest in land. Without this, no construction method and
no financial instrument will achieve scale.

Building codes must be reformed to recognise and support altern-
ative construction methods — compressed earth blocks, prefabricated
panels, incremental systems — rather than defaulting to imported con-
crete-and-steel standards designed for different economic contexts.

Manufacturing capacity must be developed at regional and local
levels, not imported from Europe or Asia. Local CEB production, re-
gional panel manufacturing workshops, and training programmes
that equip communities with the skills to build with modern methods
are all necessary. Technology transfer partnerships, where established
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international manufacturers partner with African entrepreneurs to de-
velop locally appropriate production, offer a viable pathway.

Infrastructure must be provided in advance of or alongside hous-
ing development, not retroactively. Serviced land — land with roads,
water, sanitation, and electricity connections — is the most basic and
most impactful intervention a government can make. Providing ser-
viced plots with secure tenure, onto which families can build incre-
mentally, is in many contexts more effective than building complete
homes that people cannot afford.

Finance must be reinvented for the African context. Housing mi-
crofinance, savings cooperatives, mobile-money-based products, and
blended finance structures that combine public subsidy with private
and community investment are all part of the answer.

Governance must become an enabler rather than an obstacle.
Streamlined permitting, transparent land allocation, anti-corruption
enforcement, and genuine accountability to citizens rather than to pat-
ronage networks are essential preconditions.

+

The Greatest Opportunity

It would be easy to read this chapter as a catalogue of despair. It is not.
It is a catalogue of opportunity.

Africa’s housing deficit is the largest in the world. Its urbanisation
rate is the fastest. Its population is the youngest. Its need is the most
urgent. And precisely because so little formal housing infrastructure
exists, the continent has the greatest freedom to adopt new ap-
proaches from the outset. There is no legacy stock of concrete panel
towers to maintain. There are no institutional frameworks so en-
trenched that they resist innovation. There are, instead, 700 million
people who will need homes in the next twenty-five years, an ex-
traordinary entrepreneurial energy in the population, and a growing
ecosystem of innovators — in compressed earth technology, prefabric-
ated panels, housing microfinance, digital design, and community-led
development — who are demonstrating what is possible.
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The question is not whether Africa can build the homes it needs.
The materials are available. The technology exists. The workforce is
young and growing. The question is whether governments, interna-
tional institutions, and the private sector will create the conditions —
secure tenure, accessible finance, reformed regulations, invested infra-
structure — that allow the continent’s people to do what they have al-
ways done: build for themselves, but this time with the tools, the sup-
port, and the dignity they deserve.

In the next chapter, we turn to South and East Asia, where the scale
of the challenge rivals Africa’s but where some of the world’s most
ambitious government-led housing programmes have demonstrated
what is possible when political will meets manufacturing capacity.

<+
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IN BRIEF

The scale: 51-million-unit housing deficit. $1.4 trillion financing gap.

700 million additional urban residents by 2050. 53.6 per cent of urban
dwellers in slum conditions. Formal housing unaffordable for 85 per

cent of the urban population.

The six barriers: Broken land systems, inaccessible finance, infrastruc-
ture deficits, governance failures, construction cost pressures, and the
speed of urbanisation. They are interlocking and must be addressed to-
gether.

Self-build: Accounts for 60-90 per cent of new housing. An extraordin-
ary achievement of resourcefulness. Must be augmented with secure
tenure, finance, technical support, and infrastructure — not replaced.

Construction methods: Compressed earth blocks, prefabricated panel
systems, incremental housing, container-based emergency shelter, and
emerging 3D printing. Methods must be appropriate to African eco-
nomic and logistical realities.

The leapfrog: Africa bypassed fixed-line telephony for mobile. It can
bypass centralised factory production for distributed locally appropri-
ate manufacturing using available materials and digital design tools.

Finance: The mortgage is irrelevant for the majority. Housing microfin-
ance, savings cooperatives, mobile-money products, and blended fin-
ance structures must replace it.

The opportunity: The youngest population, the fastest urbanisation,
and the greatest freedom to adopt new approaches from the outset. The
question is not capability. It is conditions.

MY PERSPECTIVE

Africa is where this book stopped being theoretical for me. Designing homes in
Rwanda in light-gauge steel and earth taught me more about appropriate con-
struction than any factory tour. Materials had to be local or they did not ar-
rive. Skills had to be taught on site or they did not exist. Every design de-
cision had to survive a dirt road and a rainy season. And in Zambia, as in
Rwanda, I saw people building for themselves, block by block as money al-
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lowed, with a resourcefulness that shamed the waste I had grown used to else-
where.

That is why this chapter treats self-build with respect rather than as a problem
to be engineered away. The African household is already the continent’s
largest housebuilder. The task is not to replace it but to give it better compon-
ents, secure land, finance that fits an informal income, and infrastructure that
arrives before the houses rather than a generation later. Africa does not need
Europe’s housing system exported to it. It needs its own — and it has the
youngest, fastest-growing population on earth to build it.
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CHAPTER 5

South and East Asia

Density, Scale and Government-Led Solutions

Asia proves that a state can house its people at scale
— and shows what happens when it stops trying.

80% 50,000 22 million

of Singaporeans live in factory-made homes a the Philippine backlog
public housing year from one Japanese projected for 2040
producer
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Asia is where the numbers become almost incomprehensible. It is also
where the most extraordinary government-led housing programmes
in history have been executed, where the world’s most mature factory-
built housing industry exists, where the largest modular construction
market operates, and where the sharpest contrasts between success
and failure are visible within a single continent.

Asia-Pacific dominates the global modular construction market
with a 45 per cent share, valued at approximately 43 billion US dollars
in 2025. Japan’s prefabricated housing industry has been delivering
factory-built homes at scale for over half a century. Singapore’s public
housing programme, as described in Chapter 2, has housed 80 per
cent of the resident population. Hong Kong is deploying Modular In-
tegrated Construction at a pace that has no equivalent anywhere in the
world. China’s factory capacity for housing manufacturing dwarfs
every other country combined. India is running the largest affordable
housing subsidy programme on the planet.

And yet, across the region, hundreds of millions of people still live
in slums, informal settlements, and housing so inadequate that it fails
every criterion of the universal definition proposed in this book. Asia
is a continent of extremes — of extraordinary achievement and ex-
traordinary need existing side by side, sometimes within the same city.
This chapter examines both.

Japan: The World’s Most Mature Factory-Built Housing
Industry

If any country demonstrates what is possible when a society fully em-
braces manufactured housing, it is Japan.

Japan’s prefabricated housing industry dates to the post-war recon-
struction period and has since evolved into the most technically ad-
vanced and consumer-accepted factory-built housing sector in the
world. The country’s major housebuilders have been producing fact-
ory-manufactured homes for decades. The largest of them alone builds
approximately 50,000 homes per year, operating seven or eight manu-
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facturing facilities with around 4.4 million square feet of production
capacity, delivering both steel and timber systems with extraordinary
levels of customisation and quality.

What sets Japan apart is not just the technology but the cultural ac-
ceptance. In most countries, ‘prefabricated” carries connotations of
cheapness and impermanence. In Japan, factory-built homes are mar-
keted as premium products. They are earthquake-resistant, energy-ef-
ficient, precisely engineered, and delivered with a level of quality con-
trol that site-built construction cannot match. Japanese consumers act-
ively choose factory-built homes for their reliability, not despite their
method of manufacture but because of it.

Japan’s experience took decades to develop. The manufacturing
processes, the supply chains, the regulatory frameworks, the con-
sumer trust — all were built incrementally over half a century. This is
important context for countries that expect modular construction to
achieve scale overnight. It will not. But Japan demonstrates unequivoc-
ally that factory-built housing can be the mainstream, not the alternat-
ive, and that quality and customisation are not sacrificed by manufac-
turing — they are enhanced by it.

Japan’s market also demonstrates the importance of the domestic
context. Monthly housing starts showed a 1.8 per cent decline in late
2024, reflecting Japan’s demographic contraction. The country’s popu-
lation is shrinking, and total housing demand is falling. Japanese man-
ufacturers are increasingly looking to export their expertise and tech-
nology internationally, creating opportunities for knowledge transfer
partnerships with countries where demand is surging.

<+

Singapore: The Gold Standard

Singapore’s Housing Development Board programme has been dis-
cussed at length in Chapter 2, and for good reason. It is the most suc-
cessful mass social housing programme in history. But it warrants fur-
ther examination here in the context of what it teaches the rest of Asia.
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When Singapore gained independence in 1965, three out of four
residents lived in squatter settlements. Within three years, the HDB
had built over 31,000 flats. By the mid-1980s, over 80 per cent of the
population was housed in HDB estates. Today, close to 80 per cent of
the resident population lives in public housing, and nine out of ten of
them own their homes. The median house price to income ratio for
new HDB flats can be as low as 1.9 for lower-income households, com-
pared with 5.7 in New York and 8.5 in London. Satisfaction rates con-
sistently exceed 90 per cent.

Singapore’s model rests on several pillars that other countries can
study, if not directly replicate. First, the state owns most of the land,
eliminating the land speculation that inflates housing costs elsewhere.
Second, the compulsory savings scheme, the Central Provident Fund,
provides a mechanism through which citizens finance their home pur-
chase using pre-committed savings, reducing the need for convention-
al mortgages. Third, the government has maintained unwavering
political commitment to housing as a core function of the state for over
sixty years. Fourth, the HDB estates are designed not just as housing
but as communities, with transport, schools, healthcare, commerce,
and community spaces integrated from the outset. Fifth, the Ethnic In-
tegration Policy prevents social segregation by mandating a mix of
ethnic groups within each housing block.

The limitations of the model are real. The 99-year leasehold struc-
ture raises questions about what happens as leases depreciate. The
system excludes migrant workers, who make up approximately a
quarter of the population. Rising resale prices have created affordabil-
ity pressures for younger citizens. And Singapore is a city-state of few-
er than 6 million people with a highly centralised government — a
context that cannot be transplanted to a country of 1.4 billion like In-
dia or a federal system like Indonesia.

Nonetheless, Singapore demonstrates three principles that are uni-
versally applicable: government commitment to housing as infrastruc-
ture, not charity; the integration of housing with community services
and transport; and the use of mandatory savings mechanisms to make
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homeownership affordable without relying solely on market-rate lend-
ing.

Hong Kong: Modular Integrated Construction at Scale

If Singapore demonstrates what long-term political commitment to
housing can achieve, Hong Kong demonstrates what modern con-
struction technology can deliver when applied at speed and scale.

Facing a severe housing shortage, with some of the highest prop-
erty prices in the world and extensive public housing waiting lists, the
Hong Kong government adopted Modular Integrated Construction as
a strategic approach to accelerating housing delivery. MiC involves the
off-site manufacture of complete volumetric building modules — fin-
ished with architectural elements, building services, and sometimes
furniture — in factories, primarily located in mainland China’s Greater
Bay Area, before being transported to Hong Kong for installation.

The results have been remarkable. The government introduced two
public housing programmes using MiC: the Transitional Housing
Scheme, targeted at 20,000 units, and the Light Public Housing
Scheme of 30,000 units. Together, these programmes aim to increase
public housing production by approximately 50 per cent over five
years. More than 80 MiC projects are currently underway, with a min-
imum of 200,000 MiC units planned. At least 50 per cent of future pro-
jects must adopt the MiC approach.

The University of Hong Kong found that MiC construction shortens
timelines by approximately 30 to 50 per cent compared with tradition-
al methods, increases on-site productivity by 100 to 400 per cent, and
reduces construction costs by at least 10 per cent. The Nam Cheong
220 project, Hong Kong's first transitional housing scheme using MiC,
went from assembly start to resident intake in less than a year. When
the temporary site was needed for other purposes, the modules were
dismantled, inspected, and relocated to a new site in Tai Po for reas-
sembly and reuse — demonstrating the circular economy potential of
modular construction.
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Hong Kong’s approach offers several lessons. First, the government
used its procurement power to create guaranteed demand, giving
manufacturers the pipeline certainty needed to invest. Second, the
cross-border manufacturing model, with modules built in mainland
China and installed in Hong Kong, demonstrates that production and
deployment need not be in the same jurisdiction. Third, the decon-
struction and relocation of Nam Cheong 220 proves that MiC modules
can be designed for multiple lifecycles — a powerful answer to critics
who question the longevity of modular construction. Fourth, the gov-
ernment created institutional support through the Construction In-
dustry Council’s MiC Resource Centre, training programmes, pre-ac-
ceptance frameworks, and financial incentives including gross floor
area concessions for MiC buildings.

+

China: The Factory of the World

China’s housing story over the past three decades is one of superlat-
ives. In the last thirty years, over 300 million people moved from rural
regions to urbanised areas, compressing into a few decades what
Western countries achieved over a century. Between 2011 and 2015, the
government built an estimated 42 million units of subsidised housing
— the largest single housing programme in human history.

China’s modular construction market was valued at approximately
19 billion US dollars in 2026, making it the largest national market in
the region. The country’s manufacturing capacity for housing modules
is unmatched anywhere in the world. Factories in the Greater Bay
Area supply not only China’s domestic market but also Hong Kong'’s
MiC programme and are increasingly looking at export opportunities
across South-East Asia, Africa, and the Middle East.

However, China’s housing sector also provides a cautionary tale.
The property crisis that began in 2020 exposed the fragility of a system
that had relied heavily on speculative development and debt-fuelled
growth. Major developers defaulted. Construction stalled on millions
of pre-sold apartments. Consumer confidence collapsed. The crisis
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demonstrated that building at scale is not sufficient if the underlying
economic model is unsustainable. Housing delivery must be anchored
in real demand, sound financing, and regulatory oversight — not in
speculation.

China’s manufacturing expertise, however, is a global asset. The ca-
pacity to produce high-quality building modules at scale and at com-
petitive cost exists. The question is how that capacity can be redirected
from a troubled domestic market towards the international affordable
housing market, where demand is virtually unlimited. Technology
transfer partnerships between Chinese manufacturers and African or
South-East Asian housing programmes represent one of the most sig-
nificant untapped opportunities in global housing delivery.

<+

India: The Scale of the Challenge

India’s housing challenge is defined by numbers that are almost im-
possible to grasp. The country’s urban population grew by nearly 8
per cent in 2025 alone, as employment concentrated in a handful of
metropolitan areas. The housing shortfall stands at an estimated 10
million affordable homes, a figure that analysts believe could triple by
2030. House prices in many cities have more than doubled in the past
decade, far outpacing stagnating wages. Policy incentives have histor-
ically favoured luxury construction, pushing entry-level buyers out of
the market entirely.

The government’s Pradhan Mantri Awas Yojana programme,
launched in 2015 with the goal of housing for all, has delivered over 10
million homes through four components: in-situ slum redevelopment,
a credit-linked subsidy scheme, affordable housing in partnership
with private developers, and beneficiary-led construction. The pro-
gramme represents genuine ambition and meaningful achievement.
Yet the deficit persists because urbanisation generates new demand
faster than any programme can satisfy it.

India’s modular construction market was valued at approximately
8.3 billion US dollars in 2026, making it one of the largest in the region.
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The government has identified industrialised construction as a stra-
tegic priority. India’s workforce is young and growing, and the con-
struction sector is a massive employer. The challenge is not manufac-
turing capacity in the abstract but adapting modular and prefabricated
methods to Indian conditions: the diversity of climatic zones, the vary-
ing quality of transport infrastructure, the complexity of the regulat-
ory environment across different states, and the need for solutions that
work at the very bottom of the income pyramid, not just the middle.
The Dharavi Redevelopment Project in Mumbai, one of Asia’s
largest mass housing initiatives, illustrates both the opportunity and
the difficulty. Dharavi is home to nearly a million people in conditions
of extreme density. Redevelopment plans have been debated for dec-
ades, complicated by questions of land rights, community displace-
ment, and the economic ecosystem that has grown up within the set-
tlement. Any solution must deliver housing that the existing residents
can actually afford and live in, connected to employment and services,
and built at a pace that does not leave communities in limbo for years.

4

South-East Asia: Typhoons, Density, and the Coming Wave

The nations of South-East Asia face their own distinct challenges,
shaped by geography, climate, and the pace of urban growth.

The Philippines has an official housing backlog of 6.5 million units,
with projections suggesting this will climb to 22 million by 2040. The
country faces approximately twenty typhoons every year and dozens
of earthquakes, meaning that the housing stock is under constant
threat of destruction. Any construction method used in the Philip-
pines must be typhoon-resistant and seismically sound. Lightweight
steel framing and panelised systems, designed for high wind loads
and seismic movement, have clear advantages over traditional con-
crete block in this context.

Indonesia, facing a housing backlog of 12.7 million units, an-
nounced in late 2024 that modular housing would be central to its
three-million-home programme under President Prabowo Subianto’s
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administration. The initiative aims to reduce construction timelines
and costs by adopting prefabricated methods, reflecting the broader
regional trend. Indonesia’s archipelagic geography presents unique lo-
gistical challenges — transporting modules between islands requires
maritime logistics that are fundamentally different from road-based
European or Chinese supply chains.

Vietnam has experienced explosive urbanisation, with Ho Chi Minh
City and Hanoi expanding at extraordinary speed. The country’s con-
struction sector is growing rapidly, and there is increasing interest in
prefabricated and modular methods, particularly for commercial and
industrial buildings. Residential adoption is at an earlier stage but is
expected to accelerate as labour costs rise and quality expectations in-
crease.

Bangladesh, as discussed in Chapter 1, faces a compound crisis of
poverty, urbanisation, and climate vulnerability. Half a million people
migrate into Dhaka every year. The country is one of the most vulner-
able to climate change, with flooding, cyclones, and sea-level rise
threatening existing housing stock. Climate-resilient construction —
elevated structures, flood-resistant materials, rapid-assembly emer-
gency housing — is not optional in Bangladesh. It is existential.

+

What Asia Teaches the World

Asia’s housing landscape offers five lessons of global significance.

First, government commitment is the precondition for scale.
Singapore, Hong Kong, and China all demonstrate that housing deliv-
ery at the volume required to address a genuine crisis requires govern-
ment leadership — not just in funding but in land provision, procure-
ment, regulatory reform, and sustained political commitment over
decades. The market alone will not solve a housing crisis. It will build
for those who can pay. Government creates the conditions under
which housing reaches those who cannot.

Second, manufacturing maturity takes time. Japan’s factory-built
housing industry took fifty years to reach its current level of sophistic-
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ation and consumer acceptance. Countries entering the modular con-
struction space for the first time should expect a trajectory of develop-
ment, not instant transformation. But that trajectory can be accelerated
by learning from Japan’s experience rather than repeating its early ex-
periments.

Third, the circular economy is real, not theoretical. Hong Kong’s
deconstruction and relocation of MiC housing proves that modular
buildings can be designed for multiple lifecycles. In a world facing
both a housing crisis and a resource crisis, the ability to disassemble,
relocate, and reassemble housing modules is a fundamental advantage
that no traditional construction method can match.

Fourth, speculative development is not housing delivery. China’s
property crisis is the most dramatic illustration, but the same dynamic
exists across the region. Building housing for investment rather than
for habitation inflates prices, misallocates resources, and creates sys-
temic risk. Housing policy must prioritise homes for people, not assets
for speculators. Singapore’s anti-speculation rules — restricting house-
holds to one HDB flat and imposing a minimum occupation period be-
fore resale — demonstrate how this can be achieved.

Fifth, climate resilience must be designed in from the start. The
Philippines, Bangladesh, and coastal cities across the region face cli-
mate threats that will only intensify. Housing that is not designed for
typhoons, flooding, earthquakes, and extreme heat is not adequate
housing. Modern construction methods, with their precision engineer-
ing and capacity for standardised structural performance, are better
positioned to deliver climate resilience than traditional site-built meth-
ods, where quality is inherently variable.

<+
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South and East Asia

Coun- Housing Context MMC Status Market Key Lesson
try Value
Japan  Mature market, 50+ years of fact-  $5.9bn Manufacturing maturity
shrinking population,  ory-built housing  (2026) takes decades but de-
export potential livers excellence
Singa-  80% in public hous- Government-led, N/A (HDB  Political commitment +
pore ing, 90%+ ownership  integrated com- model) land ownership + man-
munities datory savings = hous-
ing for all
Hong Severe shortage, 80+ MiC projects, Part of MiC at scale with de-
Kong world’s highest prices 200,000+ units China construction/reuse
planned market proving circular eco-
nomy
China  42m subsidised units  World’s largest $19.1bn Manufacturing capacity
built 2011-15, prop-  manufacturing ca- (2026) is a global asset; spec-
erty crisis since 2020  pacity ulation is not housing
delivery
India 10m home deficit, Growing rapidly, $8.3bn Scale requires adapta-
PMAY delivered $8.3bn market (2026) tion to diverse climates,
10m+ states, and income
levels
Philip-  6.5m backlog, 20 Emerging, cli- Emerging  Climate resilience must
pines typhoons/year mate-resilient be designed in, not ret-
methods critical rofitted
In- 12.7m backlog, 3m- Modular central to Emerging  Archipelagic logistics
done- home programme new government require maritime supply
sia programme chain innovation
<+

Asia demonstrates the full spectrum of what is possible in housing de-

livery. At one end, Singapore and Japan show that government com-

mitment combined with manufacturing excellence can house an entire

population with dignity and quality. At the other, India, the Philip-

pines, and Bangladesh show that even with ambition and pro-

grammes, scale and speed remain elusive when the deficit is measured

in tens of millions.
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The region also demonstrates that modern construction technology
is not a Western innovation being exported to Asia. It is an Asian real-
ity, developed and refined in Japanese factories, deployed at scale in
Hong Kong’s MiC programme, and manufactured at volume in
Chinese production facilities. Asia is not learning from Europe about
modular construction. In many respects, it is teaching.

What connects Asia’s most successful housing stories is not a single
method or a single policy. It is the combination of government will,
manufacturing capacity, financial mechanisms adapted to local condi-
tions, and the treatment of housing as essential infrastructure rather
than a discretionary social programme.

In the next chapter, we move to the region where my own profes-
sional experience provides the most direct perspective: the Middle
East and North Africa.
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IN BRIEF

Market dominance: Asia-Pacific holds 45 per cent of the global modu-
lar construction market, valued at $43 billion in 2025. Japan ($5.9bn),
China ($19.1bn), and India ($8.3bn) are the largest national markets.

Japan: 50+ years of factory-built housing at scale. Consumer accept-
ance is the norm. Japan’s largest housebuilder produces 50,000 factory-
made homes per year. The lesson: manufacturing maturity takes dec-
ades but delivers premium results.

Singapore: 80 per cent of residents in public housing, 90 per cent
homeownership. The gold standard for government-led housing as in-
frastructure, not charity.

Hong Kong: 80+ MiC projects, 200,000+ units planned, 30-50 per cent
faster construction, 100-400 per cent productivity gains, and proof of
deconstruction and reuse.

China: The world’s largest manufacturing capacity. 42 million subsid-
ised units built 2011-2015. The property crisis warns against speculat-
ive development masquerading as housing delivery.

India: 10 million home deficit, PMAY has delivered 10 million+ homes.
The modular market is growing fast but must adapt to India’s diversity
of climates, states, and income levels.

South-East Asia: Philippines (6.5m backlog, typhoon resilience essen-
tial), Indonesia (12.7m backlog, modular central to new programme),
Bangladesh (climate-existential housing need).

Five lessons: Government commitment is the precondition. Manufac-
turing maturity takes time. The circular economy is proven. Speculation
is not housing delivery. Climate resilience must be designed in from the
start.

MY PERSPECTIVE

Asia humbles a European-trained designer. Singapore houses four-fifths of its
citizens in state-built homes that people queue to buy. Japan has manufac-
tured houses in factories for half a century with a quality that most site build-
ers cannot match. Hong Kong assembles whole residential towers from mod-
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ules made across the border. These are not experiments. They are mature sys-
tems, and the West has spent decades politely declining to learn from them.

My own connection with the region runs through the Philippines, where my
wife’s family live, and through advisory work in Indonesia and the Philip-
pines with ministries wrestling with backlogs measured in millions of homes,
twenty typhoons a year and dozens of earthquakes. What I have learned there
is that Asia’s lesson is not about technology. It is about government that
treats housing as national infrastructure, commits to it for decades, and
builds the industrial capacity to deliver it. Where that commitment exists, the
results speak for themselves. Where it does not, the density and the climate
make the shortfall crueller than anywhere else on earth.
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CHAPTER 6

The Middle East and North
Africa

Rapid Growth, Migrant Labour and Extreme Climate

No region builds faster than the Gulf. The people who
build it are the ones it has not yet housed.

$181bn 16-21 30-40%

Saudi construction output mi I I on of Syria’s housing stock
projected by 2028 destroyed

Egyptians living in informal

areas
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This is a region I know personally. I have lived and worked in Dubai. I
have walked construction sites where temperatures exceeded fifty de-
grees Celsius and watched buildings rise from desert sand at a speed
that would be unimaginable in Europe. I have seen what wealth and
ambition can achieve when they are directed at construction — the
soaring towers, the sculpted islands, the air-conditioned cities built in
a generation. And I have seen what happens when that same construc-
tion industry treats the people who build those towers as an after-
thought.

The Middle East and North Africa region is a land of contradictions
when it comes to housing. The Gulf States have the financial resources
to house their populations many times over, and they are deploying
those resources at extraordinary scale through programmes like Saudi
Arabia’s Vision 2030. Yet the housing conditions for the migrant work-
ers who physically build the region’s cities remain a persistent source
of international criticism. North Africa faces rapid urbanisation with
insufficient formal housing. Post-conflict zones in Syria, Iraq, and Ye-
men present humanitarian housing challenges of a completely differ-
ent order. And the climate — extreme heat, water scarcity, and increas-
ingly erratic weather — imposes design and construction constraints
that most of the world’s housing literature simply ignores.

This chapter examines the full spectrum of housing challenges
across the MENA region, from the gleaming mega-projects of the Gulf
to the informal settlements of Cairo, from the reconstruction needs of
war-torn nations to the fundamental question of how you build homes
that are liveable when the outside temperature regularly exceeds what
the human body can tolerate.

The Gulf States: Building at the Speed of Ambition

The Gulf Cooperation Council states — Saudi Arabia, the UAE, Qatar,
Kuwait, Bahrain, and Oman — have undertaken some of the most am-
bitious construction programmes in human history. Saudi Arabia
alone is projecting construction output of approximately 181 billion

77



The Middle East and North Africa

US dollars by 2028, with residential development accounting for
around 31 per cent of that figure. The scale is staggering. Entire cities
are being planned and built from scratch. NEOM. The Red Sea Project.
New Murabba in Riyadh, with its 400-metre-tall Mukaab structure.
The state-backed national developer’s Sedra community in Riyadh de-
livering thousands of modern homes inspired by traditional Najdi ar-
chitecture.

Saudi Arabia’s Vision 2030 Housing Programme represents the
most comprehensive government-led housing transformation cur-
rently underway in the MENA region. The programme aims to in-
crease homeownership among Saudi nationals through a combination
of supply-side and demand-side interventions: increasing housing
supply, diversifying financing solutions, enabling private-sector parti-
cipation, and transitioning the government’s role from direct provider
to enabler. Real estate loans in Saudi Arabia hit a record 922 billion riy-
als — approximately 246 billion US dollars — in the first quarter of
2025, with commercial real estate lending growing by 27.5 per cent.
Mortgage scaling has increased by 90 per cent under the programme.

The UAE has built its global reputation on construction speed and
architectural ambition. Dubai’s transformation from a modest trading
port to a global city within a single generation is one of the most re-
markable urban development stories of the modern era. The construc-
tion methods used in the Gulf — including extensive prefabrication,
modular bathroom and kitchen pods, precast concrete systems, and
increasingly steel-framed modular construction — have been driven
by the sheer volume and pace of development rather than by any par-
ticular policy mandate. When you are building entire districts simul-
taneously, conventional site-based construction simply cannot keep
pace.

Qatar’s construction boom, accelerated by the 2022 FIFA World
Cup, delivered stadiums, hotels, and transport infrastructure at ex-
traordinary speed. Bahrain’s 30-billion-dollar Strategic Projects Plan
aims to increase the country’s total land area by more than 60 per cent.
Oman and Kuwait are pursuing their own diversification and housing
programmes, though at a smaller scale.
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The People Who Build the Cities: Migrant Worker Housing

Here is where the conversation must become uncomfortable, because
it is impossible to discuss housing in the Gulf without addressing the
conditions under which migrant workers live.

The Gulf States depend overwhelmingly on migrant labour for con-
struction. In the UAE, foreign nationals make up approximately 88 per
cent of the total population. In Qatar, the figure is over 85 per cent. In
Saudi Arabia, migrant workers constitute a significant share of the
workforce, particularly in construction and services. These are the
people who physically build the towers, the highways, the metro sys-
tems, and the housing developments. They pour the concrete, install
the cladding, lay the services, and finish the interiors. Without them,
not a single major project in the Gulf would be completed.

The housing provided to these workers has improved significantly
in recent years, driven by international pressure, reforms to the kafala
sponsorship system, and the reputational sensitivity of governments
that are actively marketing themselves to global businesses and tour-
ists. Qatar’s World Cup preparations prompted substantial investment
in worker welfare standards and accommodation. Saudi Arabia’s la-
bour reforms have introduced protections that did not previously ex-
ist. The UAE has implemented welfare standards, heat-work regula-
tions, and accommodation requirements.

And yet, the gap between the housing provided to nationals and
that provided to migrant workers remains one of the most visible in-
equalities in the region. While Saudi nationals access subsidised hous-
ing through the Sakani programme, while Emirati citizens receive
land grants and government-financed homes, the workers who build
those homes often live in shared dormitory accommodation, some-
times hours from the construction sites where they work, in conditions
that would not be acceptable in the countries commissioning the con-
struction.
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This is not just a human rights issue, though it is certainly that. It is
a construction industry issue. The quality and wellbeing of a construc-
tion workforce directly affects the quality of its output. Workers who
are well-housed, properly rested, and treated produce better work
with fewer defects and fewer accidents. The business case for decent
worker housing aligns with the moral case.

Modern construction methods offer a direct pathway to improving
worker accommodation at scale. Modular dormitory buildings, manu-
factured off-site and installed rapidly, can deliver comfortable, climate-
controlled, properly serviced living quarters far more efficiently than
traditional construction. Turkish prefabrication manufacturers have
completed hundreds of worker camp projects across the Gulf, demon-
strating that decent accommodation can be delivered quickly and cost-
effectively. The question has never been whether it is possible. It is
whether it is prioritised.

Saudi Arabia’s Vision 2030: A Case Study in Ambition

Saudi Arabia’s housing transformation deserves closer examination
because it illustrates both the potential and the challenges of a govern-
ment-led housing programme at massive scale.

The Housing Programme, one of thirteen Vision Realisation Pro-
grammes, was launched in 2018 with a phased roadmap. The first
phase focused on reorganising the governance of the housing sector,
reforming delivery mechanisms, and restructuring the financial archi-
tecture of the residential housing market. The second phase, running
from 2021 to 2025, aimed to sustain progress, address market chal-
lenges, and mature the housing ecosystem. A third phase extends bey-
ond 2025.

The programme has achieved measurable results. Homeownership
among Saudi nationals has increased. Mortgage availability has ex-
panded dramatically. The Sakani housing programme has provided
ownership support to millions. The national developer’s programme
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of entire integrated communities represents a new standard of resid-
ential development in the Kingdom.

But challenges persist. Housing rent inflation stood at 7.6 per cent
as of mid-2025, with villa prices rising by 7.1 per cent. The government
has responded with price caps on residential plots and a new Real Es-
tate Ownership and Investment Law enacted in July 2025 to allow
greater foreign property ownership, boosting investment but also po-
tentially inflating demand further. The private sector has shown a
tendency to build for the upper middle classes and wealthy elites
rather than the affordable end of the market — a pattern seen in every
country examined in this book. The government has explicitly ac-
knowledged this gap, noting that the private sector has ‘veered away
from the affordable housing market.’

Saudi Arabia’s programme holds global lessons. First, the transition
from government as direct provider to government as enabler is a del-
icate one. If the enabling framework does not include strong affordab-
ility mandates, the market will default to serving the most profitable
segments. Second, the pace of reform has been extraordinary, but
housing markets are slow-moving systems. The gap between policy
ambition and on-the-ground delivery takes years to close. Third, the
scale of investment — 181 billion dollars in construction output projec-
ted by 2028 — creates opportunities for modern construction methods
that few other markets can match.

North Africa: Urbanisation, Informality, and the Limits of
Desert Cities
North Africa’s housing challenges are fundamentally different from
the Gulf’s, shaped not by wealth and ambition but by rapid urbanisa-
tion, limited resources, and the legacy of colonial and post-colonial
urban planning.

Egypt, the region’s most populous country, faces a severe housing
crisis. Between 16 and 21 million urban inhabitants live in informal
areas, representing between 45 and 60 per cent of the urban popula-
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tion depending on the definitions used. Approximately 400,000 people
live in slums classified as unsafe, and millions more live in informal
settlements that, while structurally adequate, lack infrastructure, pub-
lic spaces, and basic services. Informal development has been the
primary mode of urban growth since the 1960s, driven by the failure
of formal planning and public housing to keep pace with population
growth and rural-to-urban migration.

Egypt’s government has pursued an ambitious strategy of building
new cities in the desert — most notably the New Administrative Capit-
al east of Cairo. However, these new cities have had limited success in
attracting residents from the established informal settlements of the
Nile Delta. Formal turn-key developments are typically only afford-
able to the lower middle class and above. Government-allocated land
for development is often in remote desert locations, far from the eco-
nomic opportunities that drew people to the cities in the first place.
The informal areas, despite their shortcomings, have proven to create
inclusive, vibrant economic environments that planned developments
struggle to replicate.

Morocco has run the Villes Sans Bidonville programme since the
early 2000s — literally ‘Cities Without Slums” — which has achieved
significant results in reducing informal settlements, though more re-
cent phases have been criticised for becoming more authoritarian and
less affordable, with low-income households unable to afford the con-
struction of a house on their assigned resettlement plot. Morocco’s
housing deficit stands at approximately 400,000 units, and 9.2 per cent
of the urban population lives in slums or inadequate housing.

Algeria, Tunisia, and Libya each face their own variations of the
same fundamental challenge: formal housing systems that cannot
keep pace with demand, informal development that fills the gap, and
construction costs and financing structures that exclude the majority.

For North Africa, the lessons from Africa’s broader housing experi-
ence, discussed in Chapter 4, apply directly: secure land tenure, ac-
cessible finance, reformed building codes, and construction methods
that are appropriate to the climate and economic context. The specific
opportunity for North Africa lies in its proximity to European manu-
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facturing capacity and its access to Mediterranean trade routes, which
could enable the importation of prefabricated components at lower
cost than Sub-Saharan Africa, while also developing domestic manu-
facturing capacity using locally available materials including earth and
stone.

Post-Conflict Zones: Syria, Iraq, Yemen

The post-conflict housing challenge in Syria, Iraq, and Yemen operates
on a completely different register from the rest of the region. Here, the
question is not about affordability or market mechanisms. It is about
reconstruction at a scale that rivals the post-war rebuilding of Europe.

Syria’s civil war destroyed or damaged an estimated 30 to 40 per
cent of the country’s housing stock. Entire cities — Aleppo, Homes,
Ragga — were reduced to rubble. Millions of people were displaced
internally and externally. The reconstruction need is measured in hun-
dreds of billions of dollars, and the political conditions for large-scale
rebuilding remain deeply uncertain.

Iraq’s housing deficit, compounded by decades of conflict, sanc-
tions, and sectarian violence, runs into millions of units. Yemen, dev-
astated by ongoing conflict, faces a humanitarian crisis in which hous-
ing is just one of many urgent needs competing for limited interna-
tional resources.

In these contexts, modern prefabricated construction has a specific
and urgent role. Emergency and transitional housing — rapid-deploy-
ment, modular, structurally sound shelter that can be erected in days
rather than months — is what these populations need first. Turkey’s
response to the 2023 earthquakes, which included the centrally pro-
cured deployment of modular container villages, demonstrated that
prefabricated construction can deliver emergency housing at scale
when there is political will and procurement capacity. The same ap-
proach, adapted to the specific conditions of each post-conflict zone,
offers the fastest pathway from displacement to dignity.

83



The Middle East and North Africa

Beyond emergency shelter, the reconstruction of these countries
will eventually require housing at massive scale. The construction
methods, financing mechanisms, and institutional frameworks dis-
cussed throughout this book all have direct relevance. But the political
and security preconditions for housing reconstruction are outside the
scope of a construction guide. What this book can say is that when the
conditions for rebuilding are met, the construction knowledge and
technology to deliver it exist.

Designing for Extreme Heat: The Construction Challenge
Nobody Ignores Here

The MENA region faces a climate constraint that most international
housing literature treats as peripheral but that anyone who has
worked in the Gulf knows is central: extreme heat.

In the summer months, temperatures in the Gulf regularly exceed
50 degrees Celsius. In parts of North Africa and the Arabian Penin-
sula, even nighttime temperatures remain above 30 degrees for weeks
at a time. Without effective climate management, a building in this re-
gion is not just uncomfortable. It is uninhabitable. A home without
cooling in Riyadh in July is not a home. It is a danger to life.

This has profound implications for construction method selection.
Traditional construction in the region — thick-walled masonry and
concrete with small openings — evolved over centuries to manage
heat through thermal mass. Modern construction must either replicate
this thermal performance or rely on mechanical cooling or ideally
combine both. The energy cost of cooling is a significant component of
the total cost of living in the region, making building envelope per-
formance and affordability issue, not just a sustainability one.

Modular and prefabricated construction offers specific advantages
in extreme heat environments. Factory production means that insula-
tion, vapour barriers, and airtightness can be controlled with a preci-
sion that site construction rarely achieves. Sealed, factory-finished
modules arrive on site with their thermal envelope intact, rather than
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being assembled piece by piece in conditions where adhesives may
cure too quickly, sealants may fail, and workers” ability to perform pre-
cision tasks is compromised by the heat itself. The irony is that the
very climate that makes construction difficult is also the climate that
benefits most from the precision of factory manufacturing.

Passive design strategies — orientation, shading, thermal mass, nat-
ural ventilation where temperatures permit, courtyard planning, and
reflective surfaces — must be integrated from the earliest design stage,
not added as afterthoughts. The traditional architecture of the region,
from the wind towers of Dubai’s old quarter to the courtyard houses
of Marrakech and the mashrabiya screens of Cairo, embodies centuries
of accumulated knowledge about living in extreme heat. Modern con-
struction methods should learn from this tradition, not ignore it.

Water scarcity adds a further dimension. Housing in the MENA re-
gion must be designed for minimal water consumption — in construc-
tion, in operation, and in the landscaping of residential areas. Grey
water recycling, low-flow systems, and drought-resistant landscape
design are not optional extras. They are fundamental requirements.

<+

Turkey: The Earthquake Response and the Modular
Precedent

Turkey occupies a unique position in the MENA region’s housing
story. It is simultaneously a major manufacturer and exporter of pre-
fabricated buildings, a country with its own significant affordable
housing challenges, and the site of one of the most dramatic demon-
strations of modular construction’s emergency-response capability in
recent history.

The devastating earthquakes of February 2023, which killed over
50,000 people and displaced millions, triggered the largest emergency
housing deployment in the region’s modern history. The government
centrally procured modular container villages, providing shelter for
tens of thousands of displaced families within weeks. Turkish prefab-
rication manufacturers, with decades of experience in Middle Eastern
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and African markets, were able to mobilise at a scale and speed that
traditional construction could not have matched.

Turkey’s position as a manufacturing hub for prefabricated build-
ings serving the wider MENA region and Africa is strategically signi-
ficant. Its factories can produce modular housing, worker camps,
schools, and healthcare facilities for export across the Mediterranean,
the Gulf, and the African continent. The country’s experience with
earthquake-resistant construction — a painful expertise born of re-
peated disaster — gives it credibility and technical authority in seismic
design that is directly relevant to other earthquake-prone parts of the
region.

Turkey’s social housing model, where the government’s TOKI hous-
ing administration has delivered millions of affordable homes, also
demonstrates that large-scale public housing delivery is achievable in
a middle-income economy with complex political dynamics. TOKI's
model — developing public land, partnering with private contractors,
and selling homes at below-market rates through subsidised financing
— has elements that are transferable to other countries in the region
and beyond.

The MMC Opportunity in the MENA Region

The Middle East and North Africa is projected to have the fastest
growth in prefabricated housing globally, with a compound annual
growth rate of 7.5 per cent through 2030. Several factors drive this.

The Gulf States” mega-projects require construction at a speed and
volume that conventional methods cannot deliver alone. Vision 2030’s
housing targets in Saudi Arabia, the UAE’s continued development
ambitions, and Qatar’s ongoing infrastructure programme all create
sustained demand for manufactured building components.

The youth-heavy demographics of North Africa and the wider
MENA region generate continuous demand for new housing. The me-
dian age in many MENA countries is under 30, and the formation of
new households is accelerating.
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Disaster recovery and post-conflict reconstruction in Turkey, Syria,
Iragq, and Yemen demand rapid-deployment housing solutions that
only prefabricated methods can deliver at the required speed.

Extreme climate conditions favour the precision and controlled
quality of factory manufacturing over the variability of site construc-
tion.

The opportunity is substantial. What is needed is a strategic ap-
proach that connects the Gulf’s financial resources and construction
ambition with North Africa’s affordable housing need and the post-
conflict regions” reconstruction requirements. Manufacturing capacity
already exists in Turkey and is developing in Saudi Arabia and the
UAE. Finance is available in the Gulf. Demand is unlimited across the
region. The missing element, as in every region examined in this book,
is coordination — the frameworks, partnerships, and institutions that

connect supply with need.

MENA at a Glance

Sub-Region Housing Context Primary Challenge MMC Opportunity
Gulf States Massive construction Affordability for nation- Mega-project pipelines
(Saudi, UAE, programmes, Vision als, dignity for migrant  guarantee volume;
Qatar) 2030, high migrant la- workers worker housing mod-

North Africa

bour dependency

Rapid urbanisation, 45—

Formal housing unaf-

ernisation

Proximity to European

(Egypt, Mo- 60% informal in Egypt, fordable for majority; manufacturing; local
rocco, Alger- 400,000 unit deficit in desert cities not at- earth-based methods
ia) Morocco tracting residents

Post-Conflict

30-40% housing stock

Reconstruction at

Emergency modular

(Syria, Iraq, destroyed in Syria; mil- scale; political/security  deployment; rapid

Yemen) lions displaced across preconditions transitional housing
region

Turkey TOKI programme, earth-  Earthquake resilience; Regional manufactur-

quake response, manu-
facturing hub

export market devel-
opment

87

ing leader; earth-
quake-resistant modu-
lar systems



The Middle East and North Africa

What the MENA Region Teaches the World

The Middle East and North Africa region teaches several lessons that
resonate globally.

First, wealth is not the same as housing. The Gulf States have virtu-
ally unlimited financial resources, yet their housing stories include
some of the sharpest inequalities in the world. Money can build
towers. It does not automatically build homes for everyone who needs
one. The intentional application of wealth to housing — through
policy, regulation, and genuine commitment to inclusion — is what
makes the difference.

Second, the people who build our homes deserve the same quality
of housing they build for others. This is not a sentimental point. It is a
construction industry imperative. Migrant worker housing standards
in the Gulf have improved, but they must continue to improve, and
modern prefabricated methods offer the most practical pathway to de-
livering decent accommodation at the scale and speed required.

Third, extreme climate is not a secondary consideration. It is a
primary design driver. As global temperatures rise, the lessons
learned in building for 50-degree heat in the Gulf and the lessons em-
bedded in the traditional architecture of North Africa become relevant
to an increasing number of places worldwide. Climate-first design is
not a MENA speciality. It is a global necessity.

Fourth, post-conflict reconstruction is a housing delivery challenge
of the highest order, and prefabricated construction is uniquely suited
to meet it. Turkey’s earthquake response demonstrated what is pos-
sible. The reconstruction of Syria, Iraq, and Yemen, when political con-
ditions permit, will require the same methods at even greater scale.

Fifth, the region’s manufacturing capacity — in Turkey, increasingly
in Saudi Arabia and the UAE — represents a resource that can serve
not only the MENA region but also Africa and South Asia. Cross-re-
gional manufacturing partnerships, where Gulf finance supports Turk-
ish production capacity serving African and South Asian demand,
could create a housing supply chain of genuinely global significance.
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In the next chapter, we cross the Atlantic to examine the Americas
— from the complex federal housing system of the United States to the
favelas of Brazil, and from Canada’s declared housing emergency to
the hurricane-battered islands of the Caribbean.

<+

IN BRIEF

Gulf States: Saudi Arabia projecting $181bn construction output by
2028. Vision 2030 Housing Programme transforming homeownership.
Mortgage lending at record levels. But affordable housing gap persists
and migrant worker housing remains a critical issue.

Migrant labour: The people who build the region’s cities deserve hous-
ing standards commensurate with the standards of the buildings they
construct. Modular worker accommodation offers a practical, scalable
solution.

North Africa: Egypt has 16-21 million people in informal areas. Mo-
rocco’s Villes Sans Bidonville programme has achieved results but faces
affordability criticisms. Desert new cities have struggled to attract resid-
ents from established informal settlements.

Post-conflict: Syria’s 30-40% housing stock destruction, Iraq’s deficit of
millions, Yemen’s humanitarian crisis. Modular emergency housing is
the fastest pathway from displacement to dignity.

Climate: Extreme heat is a primary design driver, not a secondary con-
sideration. Factory manufacturing delivers the precision thermal per-
formance that extreme climates demand. Traditional regional architec-
ture holds knowledge that modern methods should incorporate.

Turkey: Manufacturing hub for the region and Africa. Earthquake re-
sponse demonstrated modular construction’s emergency capability.
TOKI programme proves large-scale public housing is achievable in a
middle-income economy.

Fastest growth: MENA projected at 7.5% CAGR for prefabricated hous-
ing through 2030 — the fastest of any global region.
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MY PERSPECTIVE

I have lived and worked in Dubai since 2006, and this is the region I know
best. I have designed at the top of the world’s tallest residential tower, and 1
have driven past the labour camps of the men who built it. I have felt what
fifty degrees does to a building site at two in the afternoon, and I have seen
what it does to a poorly insulated home when the electricity bill arrives.
Nobody who has worked here can write about Gulf construction as an out-
sider.

The Gulf’s achievement is real: no region has built more, faster, from less. Its
blind spot is equally real. The workforce that delivers that speed lives, for the
most part, in accommodation that would not be tolerated for the people who
will occupy the finished buildings. Both facts are true at once, and both point
to the same conclusion: modern factory-built methods are more suited to this
climate than almost any other, because they take the work out of the heat, seal
the envelope properly, and can deliver decent worker housing as easily as lux-
ury villas. The region has the money, the ambition and the manufacturing
base. And although there is more emphasis on creating better living accom-
modation for the workers, which has resulted in positive legislation, such as in
summer certain hours of the day workers are not permitted to be work out-
doors, what it has not yet decided is who deserves a decent home. But as a res-
ident of the UAE, there is growing momentum and in the right direction, but
in my opinion this needs to become even more a priority.
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CHAPTER 7

The Americas

From US Public Housing to Latin American Favelas

The richest country on earth has more people
sleeping in its streets than ever before.

771,480 3% 16x

Americans homeless on a of US homes built in annual income for an
single night factories — against apartment in S&o Paulo
Sweden’s 45%
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—The Caribbean: Where Climate Is Not a Future Threat but a Present Reality
—The Americas at a Glance

—What the Americas Teach the World
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The Americas contain the wealthiest nation in the history of the world
and some of the most extreme housing poverty on the planet. They
contain a country where the median age of a first-time home buyer has
risen to 40 — the highest on record — and a country where 25 million
families live in inadequate housing. They contain a government that
has just launched a 25-billion-dollar housing programme and a gov-
ernment that is proposing to cut its housing department’s budget by
44 per cent. The Americas, more than any other region, demonstrate
that housing outcomes are not determined by national wealth. They
are determined by political choice.

This chapter examines the housing landscape across the Western
Hemisphere, from the United States” complex and politically contested
housing system, through Canada’s declared housing emergency, into
the favelas and social housing programmes of Latin America, and fi-
nally the hurricane-battered islands of the Caribbean where climate
resilience is not an aspiration but a survival imperative.

<4

The United States: The Richest Country with the Deepest
Contradictions
The United States is short between 1.5 million and 3.7 million homes,
depending on which estimate you use. Home prices have risen more
than 60 per cent since 2019 and are still climbing at approximately 4
per cent year-on-year. The median existing single-family home price
hit a record 412,500 dollars in 2024 — a staggering five times the medi-
an household income, far above the price-to-income ratio of three that
has traditionally been considered affordable. Existing home sales have
dropped to a thirty-year low. A record 22.6 million renter households
are cost-burdened, spending more than 30 per cent of their income on
housing. And between 2013 and 2023, the stock of rental units with
rents below 1,000 dollars per month dropped by over 30 per cent, from
24.8 million to 17.2 million.

In January 2024, 771,480 people were counted as homeless on a
single night — the highest number ever recorded in America, an in-
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crease of 33 per cent since 2020. Chronic homelessness, defined as
long-term or repeated homelessness, has nearly doubled since 2016.
Older adults over 55 are the fastest-growing group of people experien-
cing homelessness, with numbers expected to triple between 2017 and
2030 as the cost of living outstrips Social Security income. Only 35 af-
fordable and available rental homes exist for every 100 extremely low-
income renter households.

The causes are structural and intertwined. Decades of chronic un-
derbuilding since the 2008 financial crisis. Restrictive zoning and land-
use policies that constrain supply, particularly single-family zoning
that prevents densification. Rising development costs. Labour short-
ages in construction. The financialization of housing, where properties
are treated as investment vehicles rather than homes. And, as one
commentator observed, a construction sector where productivity has
been literally falling for five decades while every other sector has im-
proved. The comparison is damning in 1910, somebody showed up
with a toolbox and a hammer to build a house. In 2025, it is the same
process.

America’s social housing system — if it can be called a system — is
fragmented across federal, state, and local programmes. The Depart-
ment of Housing and Urban Development oversees public housing
and the Section 8 Housing Choice Voucher programme. The Low-In-
come Housing Tax Credit generates more affordable housing than dir-
ect public construction. HUD requires more than 40 billion dollars in
deferred repairs to its existing public housing stock. The HOME In-
vestment Partnerships programme supports around 25,000 homes na-
tionwide with 1.25 billion dollars in annual funding.

And all of this is now under threat. Proposed federal budget cuts
for fiscal year 2026 would reduce HUD funding by 44 per cent, elimin-
ate the HOME programme, and transfer responsibility for rental as-
sistance programmes to state and local governments that may lack the
resources and capacity to administer them. At a moment when home-
lessness has reached record levels and affordability is at its worst in
modern history, the federal government is proposing to reduce its
commitment, not increase it.
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America’s Modular Moment — And What Is Holding It Back

The United States helped pioneer manufactured housing. George
Romney, serving as Secretary of Housing and Urban Development
during the Nixon administration, championed factory-built housing as
the solution to America’s housing challenge. But as one historian
noted, the country ‘never figured out the rules nor the financing to
make an industry out of it,” while other countries moved ahead.

Sweden now builds approximately 45 per cent of all new housing
and over 80 per cent of single-family homes using offsite or factory-
based methods. In Sweden’s leading timber-volumetric factories, one
housing unit leaves the line every half hour, and single orders now run
to hundreds of industrially produced apartments at a time. Sweden’s
best-known standardised housing brand — a joint venture between a
major contractor and a global furniture retailer — delivers homes with
the economies of scale that come from standardisation. The United
States, by contrast, builds approximately 3 per cent of its homes using
factory-based methods.

The most remarkable difference between the two countries is regu-
latory. American building codes are prescriptive — they specify ex-
actly what materials must be used and how. Swedish codes are per-
formance-based — they set goals and let builders determine how to
achieve them. This single regulatory distinction has profound con-
sequences. Prescriptive codes constrain innovation because any new
method or material requires explicit approval. Performance codes re-
ward innovation because any method that achieves the required out-
come is acceptable. For modular construction to achieve scale in the
United States, regulatory reform is not optional. It is foundational.

The US prefabricated construction market was valued at approxim-
ately 189 billion dollars in 2025 and is projected to reach 257 billion by
2029, growing at a compound annual rate of 6.2 per cent. The market
is large, but modular’s share within it remains small. The failure of Ka-
terra, the venture-backed modular construction start-up that went
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bankrupt in 2021 after raising 2 billion dollars in venture capital, casts
a long shadow. The lesson from Katerra, as from Legal and General in
the UK, is consistent: modular construction companies fail when they
cannot secure a guaranteed pipeline of work, when they try to grow
too fast, or when their business model is built on venture-capital ex-
pectations rather than construction-industry economics.

But the momentum is shifting, driven by crisis. After the LA wild-
fires of January 2025, California Governor Newsom streamlined ap-
provals for factory-built housing, and local agencies have since ap-
proved 3,000 rebuilding permits at a rate roughly three times the
speed of previous post-fire recoveries. Fire survivors using modular or
prefabricated options are already living in new homes. ReMo Homes
became the first modular company approved statewide for LA wildfire
rebuilds. In Hawaii, over 100 modular companies entered the market
after the 2023 Maui wildfires, and the state commissioned five firms to
build 450 temporary homes. In disaster-prone regions across Florida,
Texas, and the Gulf Coast, modular homes are gaining traction as
faster and more affordable rebuilding options.

The pattern is clear: America turns to modular construction in
emergencies. What it has not yet done is make modular construction
the default for everyday housing delivery. Until it does, it will contin-
ue to build housing the same way it did in 1910 — and continue to fall
further behind Sweden, Japan, and increasingly, its own northern
neighbour.

4

Canada: Declaring the Emergency, Building the Response

Canada has done something that few developed nations have been
willing to do: it has formally declared a housing emergency and cre-
ated a dedicated federal agency to respond.

Build Canada Homes, launched in 2025 as the federal government’s
new homebuilding agency, aims to fund the construction of 4,000
modular homes on federal land starting in 2026. The programme in-
cludes 25 billion dollars in loans and 1 billion in equity. The agency’s
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mandate is explicit: to use factory-built methods to accelerate housing
delivery on publicly owned land, bypassing many of the planning and
procurement delays that have constrained conventional housing pro-
grammes.

Canada’s housing challenge shares many features with its southern
neighbour: affordability pressures concentrated in major cities, insuffi-
cient construction to match demand, a construction workforce that is
ageing and difficult to replenish, and planning systems that slow de-
velopment. What distinguishes Canada is the political willingness to
name the problem and to create new institutional capacity to address
it.

Canada’s social housing is managed at the provincial and municipal
level, with a mix of public, non-profit, and cooperative providers. The
country has a strong cooperative housing tradition, particularly in
Québec, that echoes the Scandinavian and Austrian models. The chal-
lenge is scale. Canada’s cooperative and non-profit housing sector has
not kept pace with demand, and the private market has increasingly
catered to investors and high-income buyers rather than families seek-
ing their first home.

Build Canada Homes has explicitly positioned modular construc-
tion as central to its strategy, learning from Sweden, Japan, and the
UK’s experiences. The programme’s success or failure will be closely
watched internationally, because it represents a deliberate, policy-led
attempt to adopt factory-built housing at national scale in a North
American context — the first such attempt since George Romney’s era
half a century ago.

Latin America: The Favela, the Programme, and the Gap
Between

Latin America’s housing crisis is shaped by a fundamental disconnec-
tion between formal housing delivery and the reality of how the ma-
jority live.
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Brazil’s deficit stands at approximately 6 million homes, with 25
million families living in inadequate or overcrowded housing. An
apartment in Sdo Paulo costs roughly sixteen times the average annual
income. People earning less than 1,000 US dollars a month — nearly 90
per cent of the deficit population — are entirely excluded from the
formal housing market. The favelas of Sdo Paulo and Rio de Janeiro
are not temporary encampments. They are permanent communities,
many of them decades old, with developed social structures, econom-
ies, churches, schools, and cultural identities. They exist because the
formal system has never served the majority.

Brazil’s Minha Casa Minha Vida programme, launched in 2009, has
been one of Latin America’s largest social housing initiatives, deliver-
ing millions of units through subsidies and partnerships with private
developers. But the programme has been repeatedly criticised for
building housing in peripheral locations far from employment centres,
public transport, and services — reproducing, in new form, the spatial
isolation that characterises much of Brazilian inequality. A home
without access to livelihood is not truly a home. It is a structure in the
wrong place.

Mexico’s social housing system is unusual: public rental housing is
largely limited to armed forces personnel, and the broader system fo-
cuses on subsidised homeownership through agencies like IN-
FONAVIT, which provides mortgage financing linked to workers” so-
cial security contributions. The model serves formal-sector workers
but excludes the large informal economy.

Chile has achieved notable progress. The proportion of families
without adequate housing fell from 23 per cent in 1992 to 10 per cent
by 2011, through a combination of direct subsidies to low-income
households, rent-to-buy schemes, and housing regeneration subsidies.
Chile’s incremental approach — providing basic housing that families
can improve over time — resonates with the self-build tradition dis-
cussed in the Africa chapter and offers a model that other Latin Amer-
ican countries are studying.

Colombia’s social housing programme has delivered significant
volumes, particularly through the free-housing programme for dis-
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placed families and the subsidised mortgage scheme for low-income
buyers. Argentina’s volatile economy has made housing affordability a
persistent challenge, with inflation periodically eroding the purchas-
ing power of housing subsidies.

Across Latin America, the consistent theme is that formal housing
programmes, even large and well-funded ones, tend to serve the lower
middle class rather than the poorest. The truly low-income population
— the informal-sector workers, the rural-to-urban migrants, the com-
munities in the favelas and barrios — remain largely outside the reach
of both the private market and government programmes. The con-
struction methods and financing instruments discussed in the Africa
chapter — incremental housing, housing microfinance, supported self-
build, appropriate-technology manufacturing — are equally applic-
able here.

The Caribbean: Where Climate Is Not a Future Threat but a
Present Reality

The Caribbean islands face a housing challenge that is unlike any oth-
er in the Americas: their homes are destroyed and rebuilt with ap-
palling regularity.

Hurricane seasons are intensifying. The 2024 season saw severe de-
struction across multiple islands. In the United States, severe weather
disasters caused 180 billion dollars in damages in that year alone, a
significant portion in the Gulf Coast and Caribbean-facing states. For
small island nations — Barbados, the Bahamas, Dominica, Antigua, St
Lucia — a single hurricane can destroy a substantial percentage of the
national housing stock in a matter of hours.

This reality demands a fundamentally different approach to hous-
ing design and construction. Homes in the Caribbean must be de-
signed to survive sustained winds exceeding 150 miles per hour. They
must be resistant to flooding and storm surge. They must be rebuild-
able quickly when they are destroyed, because they will be destroyed.
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And they must be affordable for populations whose economies are
based primarily on tourism and agriculture.

Lightweight steel-framed and panelised construction systems, en-
gineered for high wind loads and designed for rapid assembly, offer
clear advantages in this context. A factory-manufactured, steel-framed
home that can be assembled on a prepared foundation in days or
weeks, that is engineered to withstand Category 5 winds, and that can
be replaced component-by-component when damaged, represents a
fundamentally better approach than traditional concrete block con-
struction that, when it fails, fails catastrophically and takes years to re-
build.

The challenge, as always, is economics. Caribbean island nations
have small populations, limited construction industries, and minimal
manufacturing capacity. Modular components must be shipped by
sea, adding transport costs. International development finance, region-
al manufacturing partnerships — perhaps with factories in Trinidad,
Jamaica, or the Dominican Republic serving the wider Caribbean —
and climate-resilience funding from international climate finance
mechanisms all have roles to play.

The Americas at a Glance

Primary Challenge

MMC Opportunity

Country/ Housing Context

Region

United 1.5-3.7m home deficit,

States 771,480 homeless,
prices up 60% since
2019

Canada Housing emergency
declared, Build
Canada Homes
launched

Brazil 6m home deficit, 25m

families in inadequate
housing

Zoning restrictions, fed-
eral budget cuts, pre-
scriptive building codes

Affordability in major cit-
ies, insufficient construc-
tion volume

Formal housing in wrong
locations; 90% of deficit
population earns
<$1,000/month
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$189bn prefab market; LA
wildfire recovery proving
modular at speed; regulat-
ory reform needed

4,000 modular homes on
federal land from 2026;
deliberate policy-led adop-
tion

Incremental housing sys-
tems; housing microfin-
ance; community-located
delivery
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Country/ Housing Context Primary Challenge MMC Opportunity

Region

Chile Reduced inadequate Maintaining progress; Incremental model as re-
housing from 23% to quality and location of gional template; subsidy-
10% (1992-2011) housing linked prefab

Mexico Public rental limited to  Informal economy ex- Worker housing modern-
armed forces; IN- cluded from formal isation; informal-sector fin-
FONAVIT serves form-  housing finance ance innovation
al workers

Carib- Repeated hurricane Climate resilience, small  Engineered wind-resistant

bean destruction of housing  economies, limited man-  systems; regional manu-

stock

ufacturing

facturing hubs; climate fin-

ance

What the Americas Teach the World

The Americas demonstrate five truths that resonate globally.

First, national wealth does not automatically translate into hous-
ing for all. The United States is the wealthiest country in the world
and has record homelessness. The issue is not resources. It is priorities.
Every country examined in this book faces a version of this question:
do we treat housing as essential infrastructure, like roads and water, or
as a commodity to be left to the market? The Americas show the con-
sequences of each answer.

Second, regulatory frameworks determine whether innovation
can scale. Sweden builds 45 per cent of homes in factories. The United
States builds 3 per cent. The difference is not technology or capability.
It is regulation. Prescriptive building codes that specify methods
rather than outcomes are the single greatest barrier to modular con-
struction in North America. Performance-based codes, which specify
what the building must achieve rather than how it must be built,
would unlock the sector overnight.

Third, crisis accelerates adoption. The LA wildfires, the Maui fires,
the Caribbean hurricanes — modular construction gains its biggest
foothold in the Americas not through policy but through disaster. This
is not a sustainable pathway to adoption. The lesson is that govern-
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ments should create the conditions for modular construction before
the crisis, not after it.

Fourth, housing must be built where people live and work.
Brazil’s Minha Casa Minha Vida, Egypt’s desert cities, and countless
other programmes have demonstrated that housing in the wrong loca-
tion is not a solution. It is a different problem. Social housing must be
integrated with employment, transport, and services, or it fails the
very people it is designed to serve.

Fifth, the informal economy cannot be ignored. Across Latin
America, the Caribbean, and increasingly in the United States, the
people who most need affordable housing are those whose income is
informal, undocumented, or variable. Housing finance systems de-
signed for salaried employees with payslips and tax records are struc-
turally incapable of reaching these populations. The financial innova-
tions described in the Africa chapter — housing microfinance, mobile
savings, cooperative lending — are not just African solutions. They are
universal necessities.

+

The Americas span the full spectrum of the global housing challenge.
The United States demonstrates the consequences of treating housing
as a commodity. Canada demonstrates the potential of treating it as an
emergency. Brazil demonstrates the limitations of programmes that
build in the wrong places. Chile demonstrates the power of increment-
al approaches. The Caribbean demonstrates that climate resilience is
not optional. And across the hemisphere, the pattern is consistent:
modern construction methods exist, financial instruments can be de-
signed, regulatory frameworks can be reformed. What is needed is
political will.

In the next chapter, we turn to our final regional deep-dive: Oceania
— where Australia faces its own affordability crisis, New Zealand is
pursuing reforms, and the Pacific Islands confront an existential cli-
mate threat that may require entirely new conceptions of what hous-
ing can be.
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IN BRIEF

United States: 1.5-3.7 million home deficit. 771,480 homeless (record
high, up 33% since 2020). Home prices at 5x median income. Only 35
affordable rental homes per 100 extremely low-income households.
Proposed 44% HUD budget cut. Builds 3% of homes in factories

vs. Sweden’s 45%. LA wildfire recovery proving modular at speed.

Canada: Housing emergency declared. Build Canada Homes pro-
gramme: $25bn in loans, $1bn equity, 4,000 modular homes on federal
land from 2026. The first deliberate national-scale modular housing
programme in North America since the 1970s.

Brazil: 6 million home deficit. 25 million families in inadequate hous-
ing. Sdo Paulo homes cost 16x annual income. Minha Casa Minha Vida
delivered millions but often in wrong locations. Favelas are permanent
communities, not temporary settlements.

Caribbean: Repeated hurricane destruction demands engineered, cli-
mate-resilient, rapidly deployable housing. Regional manufacturing
hubs and climate finance mechanisms are needed.

Five lessons: Wealth does not equal housing. Regulatory frameworks
determine whether innovation scales. Crisis accelerates adoption.
Housing must be where people live and work. The informal economy
cannot be ignored.

MY PERSPECTIVE

The Americas contain the sharpest contradictions in this book. The richest
country on earth has record numbers of people sleeping in the streets, and a
factory-built housing industry it has largely chosen not to use for them. The
favelas of Brazil house millions in conditions the state cannot reach, yet they
are also among the most resilient communities anywhere. And the Caribbean
rebuilds after every hurricane season with methods that guarantee it will have
to rebuild again.

From where I sit, in a region that builds at extraordinary pace, the American
story is a lesson in how regulation shapes outcomes. Prescriptive codes writ-
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ten for site-built timber houses, mortgage rules that penalise anything made
in a factory, and a public housing programme that has been starved for forty
years have produced exactly what one would expect. None of this is a failure of
capability. The United States invented much of the modern manufacturing
method the rest of the world now uses for housing. It simply has not applied it
to the people who need it most. That is a political choice, and political choices
can be changed.
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CHAPTER 8

Oceania

Australia, New Zealand and the Pacific Islands

In the Pacific the question is no longer how to build
homes, but where the land will be.

14x 219,000 4x

Australian house price to New Zealand homes in the global rate of sea-level
income flood zones rise on some Pacific
islands

IN THIS CHAPTER

—Australia: The Crisis That Wealth Cannot Solve
—New Zealand: Climate Adaptation as Housing Policy
—Indigenous Housing: A Separate and Urgent Need
—The Pacific Islands: When the Land Disappears
—Oceania at a Glance

—What Oceania Teaches the World
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Oceania is a region of extraordinary contrasts. Australia, one of the
wealthiest countries on earth, has a house price-to-income ratio of
eight — meaning the median home costs eight years of median house-
hold income — and is forecast to fall 375,000 homes short of its own
construction target. New Zealand, a country that prides itself on qual-
ity of life, has 219,000 homes worth 180 billion New Zealand dollars
sitting in coastal flood zones, many of which will become uninsurable
within a decade. And across the Pacific, entire island nations are
watching their homelands disappear beneath the rising sea, facing a
question that no construction manual has ever been designed to an-
swer: what do you build when the land itself is being lost?

This chapter is the shortest of the regional deep-dives, reflecting the
smaller populations involved. But the issues it addresses — extreme
affordability pressure in wealthy nations, the emerging crisis of cli-
mate-uninsurable housing, indigenous housing needs, and the existen-
tial threat to Pacific Island communities — are among the most urgent
and globally significant in this book.

4

Australia: The Crisis That Wealth Cannot Solve

Australia is, by any conventional measure, in a housing crisis. The Na-
tional Housing Supply and Affordability Council’s State of the Hous-
ing System 2025 report describes a system under immense pressure.
Home prices rose by 4.9 per cent in 2024. Rents increased by 4.8 per
cent in the same year. Both outpaced household income growth,
worsening affordability that was already at breaking point. House-
holds with a new mortgage now spend 50 per cent of their income on
repayments. The average time to save for a deposit has blown out to
over ten years. The house price-to-annual-wages ratio sits at nearly
fourteen times — double what it was before 2000, and significantly
above global peers.

Only 177,000 homes were built in 2024, far below the 223,000 the
Council says were needed to meet demand. The National Housing Ac-
cord’s target of building 1.2 million new homes by mid-2029 is projec-
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ted to fall short by between 262,000 and 400,000 dwellings, depending
on the estimate. The Council’s Chair, former Mirvac CEO Susan Lloyd-
Hurwitz, put it plainly: ‘Australia is still very much in a housing crisis
that has been decades in the making.’

The causes are familiar from every other wealthy nation examined
in this book. Labour shortages in construction. Rising material costs.
Complex planning systems that delay approvals. Limited land availab-
ility in the locations where demand is greatest. A social housing sector
that has been run down for decades — only about 4 per cent of dwell-
ings were social or affordable housing in 2021. And, crucially, a com-
mercial viability gap: the single biggest constraint on supply is that
many housing projects are simply not commercially viable given cur-
rent land, financing, and development costs relative to expected sale
prices.

The federal government’s response has been substantial by Australi-
an standards. The 2025-26 Budget allocated 54 million dollars to accel-
erate the uptake of modern methods of construction, including 49.3
million to support state and territory programmes that grow the pre-
fabricated and modular housing sector, and 4.7 million to develop a
national certification process for prefabricated homes. The 10-billion-
dollar Housing Australia Future Fund is supporting a pipeline of
55,000 social and affordable homes. A 120-million-dollar allocation
from the National Productivity Fund incentivises states and territories
to remove red tape preventing the uptake of modern construction
methods. Nine billion in funding flows to states and territories for
homelessness support, crisis housing, and social housing mainten-
ance.

And yet, as the Council’s report acknowledges, prefab building
methods make up just 8 per cent of new housing developments in
Australia, compared with over 80 per cent in Sweden. The national
certification initiative is designed to address a key barrier — the frag-
mented state-by-state approval process that means a modular home
certified in Victoria cannot be automatically deployed in New South
Wales — but it will take time to implement. Australia has the policy
intent. It has the funding commitment. What it does not yet have is the
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manufacturing capacity, the regulatory alignment, or the cultural shift
needed to move prefabricated construction from niche to mainstream.

<+

New Zealand: Climate Adaptation as Housing Policy

New Zealand faces its own affordability crisis, but it is increasingly
defined by something that no other country examined in this book has
confronted quite so directly: the intersection of housing policy with
climate adaptation.

The country’s oceans are warming 34 per cent faster than the global
average, accelerating sea-level rise. According to the Ministry for the
Environment’s Our Marine Environment 2025 report, 219,000 homes
worth 180 billion New Zealand dollars are in coastal inundation and
inland flood zones, along with 26 billion dollars” worth of infrastruc-
ture. Twelve of the fifteen largest towns and cities in New Zealand are
coastal, with 65 per cent of communities and major infrastructure ly-
ing within five kilometres of the sea.

The implications for housing are profound. Research has found that
some coastal homes in Wellington and Christchurch will be impossible
to insure from 2030, with similarly exposed homes in Auckland and
Dunedin following shortly after. In those four cities alone, at least
10,000 properties may be uninsurable by 2050. In South Dunedin,
nearly 2,700 homes sit less than 500 millimetres above the spring high-
tide mark. The council is actively examining managed retreat — the
planned withdrawal of housing from areas that can no longer be safely
occupied.

New Zealand’s climate adaptation policies are now directly shaping
housing policy. Building code regulations are being updated to ensure
new housing is resilient to climate impacts. Public housing will not be
built near areas prone to climate hazards. Developers are being in-
centivised to build away from high-risk areas. Potential buyers and
builders must be informed about climate risks affecting properties.
This is housing policy driven not by market demand or social need in
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the traditional sense, but by the physical reality that parts of the coun-
try are becoming uninhabitable.

For the construction industry, the New Zealand experience points
towards a future that many other coastal nations will eventually face:
homes that must be designed for relocation, not permanence. Modular
construction, with its inherent capacity for disassembly and reas-
sembly, may prove more relevant in this context than in any other. A
home that can be dismantled and moved to higher ground when its
original site becomes untenable is not a compromise. It is an adapta-
tion. Hong Kong’s Nam Cheong 220 project, discussed in Chapter 5,
demonstrated that modular deconstruction and relocation is technic-
ally feasible. New Zealand may be the first country where it becomes
routine.

Indigenous Housing: A Separate and Urgent Need

Both Australia and New Zealand have indigenous populations whose
housing needs are distinct from the broader market and whose histor-
ical experience of housing policy has been one of neglect, disposses-
sion, and cultural erasure.

Aboriginal and Torres Strait Islander Australians experience home-
lessness and overcrowding at rates dramatically higher than the gener-
al population. Remote indigenous communities often have housing
that is structurally inadequate, lacking basic services, and designed
without reference to the cultural practices and family structures of the
communities they serve. The 2025-26 Budget allocated an additional
12.3 million dollars to improve housing outcomes for First Nations
people, but advocates argue that the scale of investment falls far short
of what is needed.

In New Zealand, Maori are disproportionately represented in
homelessness statistics and on social housing waiting lists. Historical
land confiscations, urban migration patterns, and structural disad-
vantage have created housing inequities that decades of policy have
failed to close. The Whanau Ora approach to indigenous wellbeing,
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which treats housing as one element of holistic family and community
health, represents a model that many other countries with indigenous
populations could learn from.

Indigenous housing demands culturally appropriate design —
housing that reflects the way communities actually live, their family
structures, their cultural practices, and their connection to land. This is
not a cosmetic consideration. Housing designed by and for indigenous
communities, with community involvement at every stage from design
through construction to management, consistently outperforms hous-
ing designed externally and imposed. Modern construction methods
can support this: modular systems are inherently adaptable to differ-
ent configurations, and community-based assembly offers a pathway
to local employment and skills development. But the design must be
led by the community, not by external agencies. The history of indi-
genous housing policy is littered with well-intentioned projects that
failed because the people they were designed for were never asked
what they needed.

4

The Pacific Islands: When the Land Disappears

The Pacific Island nations face a housing challenge that is unlike any-
thing else examined in this book. It is not primarily about affordability,
construction methods, or funding models. It is about whether the land
on which homes can be built will continue to exist.

Pacific sea levels have risen by as much as 15 centimetres over the
past three decades. Some Pacific Island countries are experiencing sea-
level rise at up to four times the global average. NASA predicts a fur-
ther 15 centimetres of rise in the next thirty years, even if greenhouse
gas emissions are brought under control. Predictions suggest that
around 50,000 Pacific people across the region could lose their homes
each year as the climate crisis reshapes their environments. In the past
decade, one in ten people from Kiribati, Nauru, and Tuvalu have
already migrated.
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In Tuvalu, king tides regularly flood homes and infrastructure.
Roads are scarred with debris from the last storm. Vegetable gardens
have been destroyed by saltwater intrusion, forcing dependence on ex-
pensive imported food. The infrastructure is exhausted, continuously
battered by climate events it was never designed to withstand. In
Kiribati, half of all households on the most vulnerable atolls have
already suffered from sea-level rise. The government purchased 6,000
acres of land in Fiji as a potential relocation site. In Fiji itself, 42 vil-
lages have been recommended for relocation, and six have already
been moved to higher ground.

Australia’s Falepili Union Treaty with Tuvalu saw the first group of
Tuvaluan migrants relocate to Australia towards the end of 2025,
sparking debate about whether this represents climate solidarity or
the beginning of a managed abandonment of entire nations. New Zea-
land accepts small numbers of Pacific Islanders through the Pacific Ac-
cess Category visa — 250 from Fiji, 75 from Kiribati, 250 from Tonga,
75 from Tuvalu each year — but has no dedicated visa category for cli-
mate displacement.

The housing questions for the Pacific Islands are existential in a way
that no other region faces. What do you build when the land is subsid-
ing? How do you provide a stable home when stability itself is being
eroded? What happens to a nation’s sovereignty, citizenship, and cul-
tural identity when its territory becomes uninhabitable?

Construction responses range from the practical to the visionary.
Seawalls and coastal defences are being built across the Marshall Is-
lands, though their effectiveness against sustained sea-level rise is lim-
ited. Elevated housing on stilts or raised platforms offers a near-term
adaptation for communities that wish to remain in place as long as
possible. The Maldives is investing in floating island projects — an
idea that sounds futuristic but may become a necessity. Modular, light-
weight, relocatable housing, designed for disassembly and reassembly
at new sites as communities are forced to move, offers a practical solu-
tion for managed relocation.

But ultimately, the Pacific Islands’ housing crisis cannot be solved
by construction technology alone. It requires the international com-
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munity to acknowledge that climate change, caused overwhelmingly
by the emissions of wealthy industrialised nations, is destroying the
homes and homelands of people who contributed virtually nothing to
the problem. Climate finance, migration pathways, and the preserva-
tion of cultural identity for displaced communities are as much a part

of the housing solution as concrete, steel, and timber.

Oceania at a Glance

+

Country/ Housing Context Primary Challenge MMC Opportunity

Region

Australia  Price-to-income ratio 14x.  Viability gap, planning $54m federal prefab in-
375,000 homes short of delays, 4% social hous-  vestment; national certi-
1.2m target. Only 8% pre- ing stock fication; $120m to re-
fab. move red tape

New 219,000 homes in flood Climate adaptation driv-  Relocatable modular

Zealand  zones ($180bn). 10,000 ing housing policy; man- housing; climate-resili-
uninsurable by 2050. aged retreat ent design; building

code reform

Indigen-  Disproportionate home- Historical neglect, cul- Community-led design

ous (AU/  lessness and over- turally inappropriate with modular delivery;

NZ) crowding design, remote delivery  local skills development

challenges
Pacific Sea levels rising up to 4x  Land disappearing. Ex-  Elevated/relocatable
Islands global average. 50,000 istential threat to entire  housing; floating struc-

may lose homes annually.

nations.

What Oceania Teaches the World

tures; managed reloca-
tion systems

Oceania’s housing challenges are a preview of what much of the world
will face in the coming decades.

First, wealth does not protect against housing crisis. Australia is
one of the richest countries in the world, yet its housing system is in
crisis by its own government’s assessment. The viability gap — where
construction costs exceed what the market will pay — is a structural
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problem that only intervention, innovation, and modern construction
methods can address.

Second, climate change is already a housing issue, not a future
one. New Zealand’s 219,000 homes in flood zones, the uninsurability
threshold approaching in multiple cities, and the active discussion of
managed retreat are not projections. They are current policy chal-
lenges. Every coastal nation will face versions of this within decades.

Third, indigenous housing needs cannot be addressed by generic
solutions. Culturally appropriate, community-led design is not op-
tional. It is the precondition for housing that works for indigenous
communities. This lesson applies not only in Australia and New Zeal-
and but in every country with indigenous or minority populations
whose housing needs have been historically neglected.

Fourth, the Pacific Islands represent the moral frontier of the
housing crisis. When entire nations face the loss of their territory, the
concept of housing takes on a meaning that transcends anything in the
conventional construction vocabulary. Relocatable, modular, light-
weight housing is part of the answer. But the larger answer requires
international solidarity, climate finance, and migration pathways that
most wealthy nations have so far been reluctant to provide.

Fifth, national certification of prefabricated housing is a critical
enabler. Australia’s decision to invest in a national certification process
for modular homes, removing the state-by-state fragmentation that
has constrained adoption, is a model that every country with a federal
or devolved planning system should consider. A modular home
should not need to be re-approved every time it crosses an adminis-
trative boundary.

+

With this chapter, we complete the regional survey that has taken us
across every continent. From Europe’s established models under pres-
sure, through Africa’s extraordinary deficit and opportunity, Asia’s
density and government-led solutions, the Middle East’s wealth and
contradictions, the Americas’ deep structural failings, and now Ocean-
ia’s climate-existential frontier, the pattern is consistent. The housing
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crisis is universal. The details differ. The construction technology ex-
ists. The financial instruments can be designed. What is missing —
everywhere — is coordination, ambition, and sustained political will.

Two machineries sit beneath every one of these regional systems,
and they decide whether any of them works: the way the money is
raised, and the rules — procurement, insurance, regulation — through
which money becomes buildings. The next two chapters complete our
survey of how the world responds today by following the money and
the rules. Then, in Part C, we turn from diagnosis to prescription and
examine the construction methods themselves.

The regional story is told. The question now is how it is paid for.

4

IN BRIEF

Australia: House price-to-income ratio of 14x. 50% of median income
needed for new mortgage. 375,000 homes short of 1.2 million target.
Only 8% prefab (vs. Sweden’s 80%). $54 million federal investment in
modern construction methods. National certification process in devel-
opment.

New Zealand: 219,000 homes in flood zones worth $180 billion. 10,000
properties potentially uninsurable by 2050. Building codes being up-
dated for climate resilience. Managed retreat under active discussion.
Relocatable modular housing may become routine.

Indigenous: Aboriginal, Torres Strait Islander, and Maori communities
face disproportionate housing deprivation. Culturally appropriate,
community-led design is the precondition for effective housing deliv-

ery.

Pacific Islands: Sea levels rising at up to 4x global average. 50,000
people may lose homes annually. Entire nations face potential loss of
territory. Elevated, relocatable, and floating housing solutions required
alongside international climate finance and migration pathways.

Five lessons: Wealth doesn't protect against crisis. Climate change is a
present housing issue. Indigenous needs require culturally specific
solutions. The Pacific is the moral frontier. National certification un-
locks prefabricated adoption.

113



Oceania

MY PERSPECTIVE

Oceania is the smallest region in this book and, in one respect, the most im-
portant. On the atolls of the Pacific the arqument about housing stops being
about cost or speed and becomes about survival: whether homes can be built
that lift above the water, that can be taken apart and moved when the land is
gone, and that can be shipped to islands with no port worth the name. If the
methods in the second half of this book cannot answer that question, they are
not worth much.

Australia and New Zealand, meanwhile, show that great wealth is no defence
against a housing crisis when supply is rationed by planning and finance is
allowed to chase asset prices rather than homes. I have seen the same pattern
in the Gulf and in Britain. It is a warning to every fast-growing economy that
the housing question does not solve itself as a country gets richer. It gets
harder.

With this chapter the regional story is complete. The problem has been de-
scribed from six directions. The remainder of the book is about how to build
the answer.
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CHAPTER 9

How the World Pays for Social
Housing

The money to house the world exists. It is waiting for
certainty.

7% $20bn $5.4bn

of GDP Singapore invests World Bank guarantee IDA capital mobilising over
in housing platform target by 2030 $31bn
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Every chapter in this book, every construction method, every structur-
al system, every design principle, every regional analysis ultimately
arrives at the same question: who pays? Construction technology can
deliver the homes the world needs. Design can ensure they are digni-
fied, climate-resilient, and culturally appropriate. Regulatory reform
can remove the barriers. But without money — the right kind of
money, from the right sources, deployed through the right instru-
ments, at the right scale — nothing gets built.

The global housing financing gap is immense. The International
Finance Corporation estimates Africa’s housing finance gap alone at
1.4 trillion US dollars. Annual global financing needs for sustainability,
including housing infrastructure, reach an estimated 6.9 trillion dollars
through 2030. Emerging and developing economies face an estimated
4.2 trillion-dollar annual financing gap to meet the Sustainable Devel-
opment Goals, of which housing is a critical component.

These numbers are so large that they can paralyse action. They
should not. Because the money exists. Global financial assets exceed
286 trillion dollars. The issue is not the absence of capital. It is the ab-
sence of financial structures that connect available capital with hous-
ing need. This chapter examines those structures — from direct gov-
ernment funding to blended finance, from conventional mortgages to
housing microfinance, from international development banks to com-
munity savings groups — and maps them to the global contexts in
which they are most applicable.

4

Government Grant Funding: The Foundation

In every country where social housing has been delivered at meaning-
ful scale, government grant funding has been the foundation. Not the
only source. Not always the largest source. But the essential source
that makes everything else possible.

The UK’s £11.5 billion Affordable Housing Programme provides
grants to housing associations and local authorities that bridge the gap
between construction costs and the subsidised rents that social hous-
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ing tenants can afford. Without this grant, the housing association can-
not build, because the rental income alone does not cover the cost of
construction and borrowing. The new Social and Affordable Housing
Programme running from 2026 to 2036 continues this model, explicitly
welcoming bids where modern construction methods support deliv-
ery.

Australia’s 10-billion-dollar Housing Australia Future Fund oper-
ates differently, investing the capital and using the returns to fund so-
cial housing delivery. The 2025-26 Budget supported a pipeline of
55,000 social and affordable homes through this and related initiatives.
Canada’s Build Canada Homes programme allocates 25 billion dollars
in loans and 1 billion in equity for modular housing on federal land.

The EU’s response has been unprecedented in scale. Over 43 billion
euros mobilised for 2021-2027, topped up by an additional 10 billion
for 2026-2027. The EIB action plan committed 10 billion euros specific-
ally for affordable housing. The mid-term revision of cohesion funds
doubled the allocation for affordable and social housing. MEPs called
on member states to at least double their national funding.

Singapore’s model is the most comprehensive: more than 40 per
cent of social expenditure goes to housing provision through the HDB,
and housing investment has averaged 7 per cent of GDP and 23 per
cent of total investment. This level of commitment is what enabled
Singapore to house 80 per cent of its population in public housing
within three decades.

The lesson is consistent across every successful model: government
grant funding is the catalytic ingredient. It is not charity. It is infra-
structure investment. Roads, water systems, electricity grids, and
schools are all funded through public expenditure because the market
alone will not deliver them at the scale and accessibility that society
requires. Housing is no different. The countries that treat social hous-
ing as infrastructure invest accordingly. The countries that treat it as a
market failure offer token subsidies and wonder why the crisis deep-
ens.
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Cross-Subsidy Models: Making the Market Work for
Affordable Housing

Cross-subsidy uses the profits from market-rate development to fund
affordable housing within the same project or programme. The most
common mechanism is the planning obligation: a developer who re-
ceives permission to build market-rate housing on a site is required to
include a proportion of affordable or social units within the develop-
ment, or to make a financial contribution to affordable housing else-
where.

The UK’s Section 106 agreements are the most well-known ex-
ample. These planning obligations have delivered hundreds of thou-
sands of affordable homes over the past three decades by requiring de-
velopers to include typically 20 to 40 per cent affordable housing in
larger developments. The mechanism works because the land value
created by the planning permission is sufficiently large to absorb the
cost of the affordable units while still delivering a profitable develop-
ment.

France’s SRU law takes a different approach: municipalities with
more than 3,500 inhabitants must maintain at least 20 to 25 per cent so-
cial housing in their total housing stock, with financial penalties for
non-compliance. Vienna’s 2018 Building Code amendment introduced
a ‘subsidised housing’ zoning category that ensures new develop-
ments in designated areas include affordable units.

Cross-subsidy works best in markets where land values are high
enough to generate the surplus that funds the affordable component.
In lower-value markets, and in most of the developing world, the
mechanism is less effective because the margin between development
cost and market value is thin or non-existent. In these contexts, direct
government subsidy or international development finance must fill the
gap that cross-subsidy cannot.
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Public-Private Partnerships: Sharing Risk, Sharing Reward

Public-private partnerships in housing take many forms, but they
share a common logic: the public sector contributes what it can
provide most effectively — land, planning permission, regulatory cer-
tainty, sometimes subsidy — while the private sector contributes what
it does best — capital, construction expertise, and management capa-
city.

Vienna’s limited-profit housing model is one of the most successful
PPPs in the world. Housing associations, which are private non-profit
entities, build and manage social housing using a combination of pub-
lic subsidies, tenant deposits, and their own borrowing. The associ-
ations operate independently but under government regulation that
ensures rents remain affordable and quality standards are maintained.
Any profits must be reinvested in housing. The model has produced
and maintained 46 per cent of Vienna’s housing stock at a quality that
is consistently rated among the best in Europe.

Saudi Arabia’s Vision 2030 Housing Programme explicitly positions
the government as an enabler rather than a direct provider, creating
frameworks through which private developers deliver affordable
housing with government support through subsidies, land provision,
and financing mechanisms. The Sakani programme provides owner-
ship support to Saudi nationals through partnerships with private de-
velopers and financial institutions.

For modern construction, PPPs have a specific and important role:
providing the pipeline certainty that manufacturing requires. A gov-
ernment that enters into a long-term framework agreement with a
modular manufacturer, guaranteeing a minimum volume of orders
over a five-to-ten-year period, provides the commercial certainty that
the manufacturer needs to invest in factory capacity. Without this com-
mitment, the manufacturer faces the boom-and-bust risk that has
caused multiple modular companies to fail. The public partner
provides the demand certainty. The private partner provides the man-
ufacturing capacity. Both benefit.
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International Development Finance: The Catalytic Capital

For the developing world, where domestic government budgets are in-
sufficient to fund social housing at the required scale, international de-
velopment finance plays a critical catalytic role. Not as the primary
funder of individual homes, but as the provider of patient capital that
creates the conditions for other investment to flow.

The World Bank Group is the largest single source of development
finance for housing globally. Its Guarantee Platform targets 20 billion
dollars in annual guarantees by 2030, enabling commercial capital to
invest in developing-country housing projects with reduced risk. The
IDA Private Sector Window has mobilised 5.4 billion dollars, unlock-
ing over 31 billion in private investment through first-loss capital and
credit guarantees that absorb the risk that commercial investors will
not.

Regional development banks serve similar functions within their
territories. The African Development Bank finances housing infra-
structure across the continent. The Asian Development Bank supports
housing programmes in South and South-East Asia. The Inter-Americ-
an Development Bank’s FIRRe initiative, launched in 2025, commits to
expanding climate-resilient debt clauses and promoting risk-transfer
solutions that connect climate finance with housing delivery.

The Green Climate Fund and other climate finance mechanisms are
increasingly relevant to housing, as the link between climate resilience
and adequate housing becomes impossible to ignore. A home that is
destroyed by a cyclone, rebuilt inadequately, and destroyed again in
the next cyclone is not just a housing problem. It is a climate adapta-
tion failure. Funding that enables climate-resilient housing construc-
tion addresses both agendas simultaneously.

The critical principle for international development finance in hous-
ing is leverage. A dollar of public or concessional capital that enables
ten dollars of private investment has ten times the impact of a dollar
spent directly. De-risking tools — guarantees, first-loss capital, subor-
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dinated debt, currency hedging — are the mechanisms through which
this leverage is achieved. The development finance community has re-
fined these tools over decades. Applying them systematically to hous-
ing is the opportunity.

Blended Finance: The Structure That Connects Capital with
Need

Blended finance is the strategic use of public or concessional capital to
mobilise private investment in contexts where commercial returns
alone would not attract sufficient funding. It is the financial architec-
ture that connects the 286 trillion dollars in global financial assets with
the 1.4 trillion-dollar housing finance gap in Africa alone.

A typical blended finance structure for housing might work as fol-
lows. A development finance institution provides first-loss capital and
a partial credit guarantee, absorbing the risk of the first 15 to 20 per
cent of any losses. This de-risks the investment sufficiently for a com-
mercial bank to provide the senior debt at a manageable interest rate.
A government provides the land and regulatory approvals. An impact
investor or philanthropic fund provides patient equity that accepts a
lower return in exchange for social impact. And a housing developer
or modular manufacturer delivers the homes, using the combined cap-
ital to fund construction.

The result is a capital stack that no single source could provide
alone, but that collectively delivers affordable housing at a cost that
the occupants can sustain and a return that the investors can accept.
The public capital is catalytic: it does not replace private capital but
makes private capital investable by reducing risk to acceptable levels.

Blended finance in housing faces significant challenges. Private in-
vestors often shy away from low-income housing due to informal land
tenure, low repayment capacity, and regulatory uncertainties. There is
a limited pipeline of bankable, scalable housing projects. Many local
developers lack the technical and financial capacity to meet investor
requirements. And measuring social impact in housing — demonstrat-
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ing that the investment has achieved its intended social outcome — re-
mains methodologically difficult.

Despite these challenges, the momentum is growing. Climate-fo-
cused blended finance transactions totalled 15.5 billion dollars across
84 deals in recent years. NatWest committed to 10 billion pounds in
social housing lending between 2026 and 2028. The structures are
proven. The capital is available. What is needed is a systematic
pipeline of housing projects that are structured for investment —
which requires the construction expertise, regulatory certainty, and in-
stitutional capacity discussed throughout this book.

4

Housing Microfinance: Reaching the Unreachable

The conventional mortgage — discussed and dismissed in Chapter 4
for the African context — serves the formal economy well but is struc-
turally incapable of reaching the majority of the world’s population
that earns informally, saves irregularly, and has no documentable cred-
it history. Housing microfinance fills this gap.

Housing microfinance loans are smaller than mortgages — typically
hundreds or thousands of dollars rather than tens of thousands. They
are repaid over shorter periods. They are often secured against the in-
cremental improvement of the home rather than against the land title.
And they are designed for the way informal-economy households
manage their money: small, frequent payments rather than large,
scheduled instalments.

In Tanzania, Habitat for Humanity and the Tanzania Mortgage Re-
finance Company launched new housing microfinance products in
early 2026 specifically designed for informal-sector workers. In Kenya,
blended finance mechanisms channel domestic savings into climate-
resilient housing through microfinance institutions. In Mexico, IN-
FONAVIT combines worker contributions and public subsidies to ex-
pand housing access for low- and middle-income households. In In-
dia, the Pradhan Mantri Awas Yojana includes a credit-linked subsidy
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scheme that makes formal housing finance accessible to lower-income
households for the first time.

Housing Microfinance Investment Vehicles — structured funds that
aggregate capital from international investors and deploy it through
local microfinance institutions as housing loans to low-income house-
holds — represent a scalable model for connecting global capital with
local housing need. These vehicles are still at an early stage but are
growing in sophistication and scale.

For modern construction methods, housing microfinance has a spe-
cific synergy. A factory-manufactured panelised housing kit, with a
known, fixed cost and a predictable quality outcome, is far more suit-
able for microfinance lending than traditional self-build, where the
cost is uncertain and the quality variable. The lender can assess the
value of the product with confidence, reducing risk and enabling more
competitive lending terms. The manufactured housing product and
the microfinance instrument are mutually reinforcing each makes the
other more viable.

4

Community-Based Finance: Savings Groups, Cooperatives,
and Self-Help

Across the developing world, and particularly in Sub-Saharan Africa
and South Asia, community-based financial mechanisms provide
housing capital where no formal institution reaches.

Savings groups — sometimes called tontines, chamas, or rotating
credit associations — pool small regular contributions from members
and make them available for housing investment on a rotating basis.
These groups operate without formal registration, without bank ac-
counts, and without regulatory oversight, yet they mobilise enormous
volumes of capital in aggregate. They work because they are based on
social trust, peer accountability, and the intimate knowledge of each
member’s circumstances that no bank can replicate.

Housing cooperatives, as practised in Denmark, Norway, Uruguay,
and parts of Canada, formalise this collective approach. Members con-
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tribute equity and share ownership of the housing, with governance
structures that give residents a direct voice in management decisions.
The cooperative model combines the affordability of collective owner-
ship with the security and quality of formal housing provision. It is
one of the few models that simultaneously achieves all three pillars of
the universal definition: permanently affordable, publicly accountable,
and dignified.

Community land trusts separate the ownership of land from the
ownership of the buildings on it. The trust holds the land in perpetu-
ity and leases it to residents at affordable terms, while residents own
the homes they build or buy on the land. When a resident moves, the
home is sold at a price that reflects the building’s value but not the
land speculation that inflates housing costs in most markets. This
model, used in the UK, the US, and increasingly in Africa, ensures
permanent affordability by removing land from the speculative mar-
ket.

Mobile money platforms, discussed in the Africa chapter, add a di-
gital dimension to community-based finance. Mobile savings accounts,
peer-to-peer lending, and digitally managed savings groups make it
possible to formalise the savings and lending processes that com-
munities have practised informally for generations, improving trans-
parency, security, and scalability.

The Cost Certainty Advantage of Modern Construction

One of the most significant but often overlooked advantages of mod-
ern construction methods in a financing context is cost certainty. A
factory-manufactured home has a known, fixed production cost. It is
manufactured indoors, unaffected by weather delays. Its material re-
quirements are precisely calculated, with minimal waste and no on-
site material theft. Its labour content is stable and predictable, not sub-
ject to the wage fluctuations and subcontractor disputes that plague
site-based construction. And its production timeline is controlled by
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factory scheduling, not by the cascading delays that are endemic on
traditional construction sites.

For a lender — whether a government grant body, a development
finance institution, a commercial bank, or a microfinance provider —
cost certainty dramatically reduces the risk of the loan. The most com-
mon reason that housing development projects exceed their budgets is
construction cost overruns. A modular or panelised housing project
that can demonstrate a fixed, factory-controlled cost profile is a funda-
mentally more bankable proposition than a traditional construction
project with an aspirational budget and a history of variation orders.

This advantage extends to the timing of capital expenditure. In tra-
ditional construction, capital is drawn down over an extended and of-
ten unpredictable period as work progresses on site. In factory-based
construction, the capital requirement is front-loaded into the manufac-
turing phase, and the remaining site work is short and predictable.
This more compressed and certain capital profile is easier for lenders
to manage and reduces the interest cost of the borrowing.

When making the case for modern construction methods to finance
providers — whether government, institutional, or commercial — the
cost certainty argument is often more compelling than the speed or
quality arguments. Lenders understand risk. A method that reduces
risk reduces cost. And in housing finance, where margins are thin and
the social cost of failure is high, every reduction in risk matters.

<+

Global Housing Finance Instruments Compared
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125



How the World Pays for Social Housing
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<+

No Single Instrument, No Single Source

mate adaptation funding

The 1.4 trillion-dollar housing finance gap in Africa will not be closed
by government grants alone. Nor by blended finance alone, nor mi-
crofinance alone, nor community savings alone. It will be closed by all
of them together, operating in a coordinated ecosystem where each in-
strument serves the segment of the market it is best suited to reach.
Government grants fund the infrastructure and the social housing
that the market will never deliver. Cross-subsidy captures the value of
market-rate development and redirects it to affordable provision. PPPs

126



How the World Pays for Social Housing

share risk between public and private partners. Development finance
de-risks investment in markets where commercial capital will not go
alone. Blended finance connects concessional and commercial capital
in structured deals. Mortgages serve the formal economy. Housing mi-
crofinance reaches the informal economy. Community finance mobil-
ises the savings and solidarity of the communities themselves. ESG
and impact investment channels institutional capital towards measur-
able social outcomes. And climate finance addresses the intersection of
housing and climate resilience.

Modern construction methods sit at the centre of this ecosystem,
not at the periphery. Their cost certainty, their speed, their measurable
quality, and their demonstrated carbon performance make them inher-
ently more financeable than traditional construction. A manufactured
housing product with a known cost, a guaranteed quality standard,
and a verified carbon performance is a product that every instrument
in the table above can finance with greater confidence than a tradition-
al building site with an uncertain budget, a variable quality outcome,
and an unmeasured environmental impact.

The construction industry’s job is to build the homes. The finance
industry’s job is to fund them. This chapter argues that modern con-
struction makes the finance industry’s job easier. And the finance in-
dustry, when it commits to housing at the scale the crisis demands,
makes the construction industry’s job possible.

In the next chapter, we examine the procurement and regulatory
frameworks that connect finance with delivery — the mechanisms
through which money becomes buildings and buildings become
homes.
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IN BRIEF

Government grant funding: The catalytic foundation. Present in every
successful social housing system. UK £11.5bn AHP. Australia $10bn
HAFF. EU €43bn+ mobilised. Singapore invests 7% of GDP. Housing is
infrastructure, not charity.

Cross-subsidy: Uses market-rate development profits to fund afford-
able housing. UK Section 106, France SRU law, Vienna subsidised zon-
ing. Works in high-value markets; less effective in developing world.

PPPs: Public land/subsidy + private capital/expertise. Vienna’s lim-
ited-profit model, Saudi Vision 2030 enabler model. Critical for provid-
ing MMC manufacturers with pipeline certainty.

Development finance: World Bank Guarantee Platform targeting $20bn
annual by 2030. IDA Private Sector Window: $5.4bn mobilising $31bn+.
Critical for de-risking housing investment in developing markets.

Blended finance: Concessional + commercial capital in structured
stacks. First-loss capital, guarantees, and subordinated debt enable
private investment. Growing rapidly but limited pipeline of bankable
housing projects.

Housing microfinance: Reaches informal economies where mortgages
cannot. Small loans for incremental building. Factory-manufactured
housing kits with known costs are ideal for microfinance lending.

Community finance: Savings groups, cooperatives, community land
trusts. Based on social trust and collective action. Mobile money adds
digital scalability.

Cost certainty: MMC's fixed, factory-controlled costs reduce lending
risk across every finance instrument. The cost certainty argument is of-
ten more compelling to lenders than speed or quality.

No single instrument: The gap is closed by all instruments together in
a coordinated ecosystem, with modern construction at the centre mak-
ing every instrument more effective.

MY PERSPECTIVE
Every conversation I have had with a housing minister, a developer or a lender
eventually arrives at money, and it usually arrives there quickly. What I have
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learned is that the money exists. Pension funds, sovereign wealth, develop-
ment banks and diaspora savings are all looking for the long, stable, inflation-
linked returns that housing can provide. What they cannot tolerate is uncer-
tainty — cost overruns, delayed programmes, buildings that do not perform.

That is why the cost-certainty argument in this chapter matters so much to
me. Industrialised construction is not cheaper in every case, and anyone who
promises that it is should be treated with suspicion. What it is, when done
properly, is predictable — in price, in programme and in quality. Predictabil-
ity is what turns housing from a charitable expense into investable infrastruc-
ture. Once governments and financiers understand that the instruments de-
scribed here — grants, cross-subsidy, blended finance, microfinance, com-
munity savings — stop looking like a patchwork and start looking like a sys-
tem.

129



Procurement, Insurance and Regulatory Frameworks Worldwide

CHAPTER 10

Procurement, Insurance and

Regulatory Frameworks
Worldwide

Homes are not lost on building sites. They are lost in
contracts, codes and insurance forms.

45% 2021 3

of Swedish homes factory-  the year a $2bn modular causes behind almost
built under a performance start-up went bankrupt every modular failure
code
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Finance provides the money. Construction provides the method. But it
is procurement, insurance, and regulation that determine whether
money becomes buildings and buildings become homes. These are the
mechanisms that sit between intention and delivery — the contracts
that allocate risk, the warranties that provide confidence, the building
codes that ensure safety, and the approval processes that either enable
or obstruct the deployment of modern construction at scale.

This is also the chapter where more good housing projects die than
in any other. Not because the design was wrong, or the finance un-
available, or the construction method inappropriate, but because the
procurement route did not match the delivery method, because the in-
surance market could not assess the risk of a non-traditional building
system, because the building code was written for bricks and mortar
and had no framework for a factory-manufactured panel, or because
the planning approval took so long that the market conditions under
which the project was viable had changed before the first module was
lifted.

Every region examined in this book faces its own version of these
challenges. This chapter identifies the universal principles, catalogues
the key barriers, and maps the emerging solutions that are enabling
modern construction to break through the institutional resistance that
has constrained it for decades.

Procurement Routes for Modern Construction

Traditional construction procurement follows a familiar sequence: a
client commissions a design, the design is completed, the work is
tendered competitively, a contractor is appointed normally based on
price, and construction proceeds on site with the design team monitor-
ing quality and progress. This sequential model, while well under-
stood, is fundamentally incompatible with factory-based construction.

The reason is timing. In traditional procurement, the contractor is
appointed after the design is complete. In factory-based construction,
the manufacturer must be engaged during the design process because
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the design must be developed around the manufacturing system’s
capabilities, dimensions, tolerances, and constraints. A panelised wall
system has specific structural grid requirements. A volumetric module
has dimensional limits governed by transport regulations. A bathroom
pod has plumbing configurations that must align with the building’s
service routes. If the manufacturer is brought in after these decisions
have been made, the design must be redesigned for manufacture — an
expensive, time-consuming, and avoidable process.

The procurement routes that work for modern construction are
therefore those that enable early manufacturer engagement. Design-
and-build contracts, where the contractor takes responsibility for both
design and construction, naturally integrate the manufacturer into the
design process. Two-stage tendering, where a contractor is appointed
early at an agreed overhead and profit margin and then works with
the design team to develop the detailed design before a fixed price is
agreed, achieves a similar result. Framework agreements, where a
manufacturer is pre-selected for a programme of work and engages
with the design team from project inception, provide the strongest
form of early engagement and the greatest pipeline certainty.

For social housing programmes, framework agreements are the
most effective procurement route. A housing association or govern-
ment agency that establishes a five-to-ten-year framework with a mod-
ular or panelised manufacturer provides the pipeline certainty that the
factory needs to invest in capacity, while securing guaranteed access to
manufacturing capacity at agreed terms. This is precisely how Hong
Kong’s MiC programme operates, how Homes England’s MMC man-
date functions, and how Sweden’s municipal housing companies have
procured factory-built housing for decades.

In the developing world, procurement routes must also accommod-
ate the realities of international development funding, which typically
requires competitive tendering and transparent selection processes.
The challenge is to design procurement frameworks that meet the
transparency requirements of international donors while still enabling
the early manufacturer engagement that modern construction de-

132



Procurement, Insurance and Regulatory Frameworks Worldwide

mands. Pre-qualification of manufacturers, followed by negotiated pri-
cing within an agreed framework, offers a workable solution.

<+

Risk Allocation: Who Carries What?

The allocation of risk in a modern construction project is fundament-
ally different from a traditional one, and getting it wrong is one of the
most common causes of project failure and commercial dispute.

In traditional construction, the contractor carries the risk of deliver-
ing the building on time and on budget, with the client retaining the
risk of design adequacy and ground conditions. In factory-based con-
struction, this division must be reconsidered. The manufacturer car-
ries the risk of producing components to specification in the factory.
The contractor carries the risk of preparing the site, installing founda-
tions, and assembling the components. The designer carries the risk of
ensuring that the design is compatible with the manufacturing system.
And the client carries the risk of providing the site access, service con-
nections, and planning approvals on time.

The critical interface risk — where factory meets site — must be ex-
plicitly allocated. If the foundations are not within tolerance, who pays
for the rework? If the modules are delivered and the site is not ready
to receive them, who pays for the storage? If a component is damaged
in transport, where does the responsibility lie? If the services within a
factory-manufactured module do not connect to the site services be-
cause of a coordination error, who bears the cost?

Standard construction contracts, designed for traditional methods,
do not adequately address these interface risks. The UK’s JCT and
NEC contract suites have been adapted for modular construction, but
significant gaps remain. Internationally, there is no standard contract
form specifically designed for factory-based construction. This is a sys-
temic problem that the construction industry must address, because
unclear risk allocation creates commercial disputes, and commercial
disputes create the delays, cost overruns, and reputational damage
that deter clients from adopting modern methods.
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The principle should be straightforward: each party carries the risk
they are best placed to manage. The manufacturer manages factory
risk. The site contractor manages site risk. The designer manages
design risk. And the interface between them is managed jointly, with
clear protocols for inspection, acceptance, and remediation at each
handover point.

Insurance and Warranty: The Confidence Gap

Insurance and warranty provision for modern construction methods
has been one of the most persistent barriers to adoption worldwide.
The fundamental problem is one of data: insurers assess risk based on
historical claims data, and for modern construction methods, the his-
torical data is limited because the volume of completed buildings is
still relatively small compared with traditional construction.

In the UK, the absence of widely accepted warranty and insurance
products for non-traditional construction has been a significant im-
pediment. Mortgage lenders require structural warranty certificates
before they will lend against a property. If the warranty provider will
not cover a factory-manufactured building, the buyer cannot get a
mortgage, and if the buyer cannot get a mortgage, the developer can-
not sell the home. This is the chain that has constrained the market.

The UK'’s response has included the development of specific war-
ranty products for MMC buildings. The country’s principal warranty
providers have all developed or adapted warranty products for fact-
ory-built homes. PAS 8700:2025, the new standard for MMC in new-
build residential properties, provides a specification framework
against which warranty providers can assess compliance. The Building
Safety Act has introduced requirements for construction product in-
formation and traceability that, while adding regulatory burden, also
provide the data transparency that insurers need to assess risk more
confidently.

Internationally, the picture varies enormously. Singapore’s HDB
programme, being entirely government-backed, does not face the
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same insurance challenges as private-market housing. Hong Kong’s
MiC programme operates within a government procurement frame-
work where the Construction Industry Council provides pre-accept-
ance of MiC systems, effectively removing the insurance barrier. In the
United States, the HUD Code governs manufactured housing, and the
International Building Code covers modular construction, but the
fragmented state-by-state regulatory environment creates inconsisten-
cies. Australia’s national certification initiative, discussed in Chapter 8,
is specifically designed to address the fragmentation that has con-
strained prefabricated housing adoption.

In the developing world, formal warranty and insurance systems
for housing are often absent entirely. This creates both a problem and
an opportunity. The problem is that homeowners have no recourse if a
building fails. The opportunity is that there is no existing insurance
framework that must be adapted — new frameworks can be designed
from scratch to accommodate modern construction methods from the
outset. International development organisations, working with local
insurance markets, could develop warranty products specifically de-
signed for factory-manufactured housing in developing-country con-
texts, using the quality control data that factory production inherently
generates as the basis for risk assessment.

<+

Building Codes: Prescriptive vs. Performance

The single most important regulatory distinction for modern construc-
tion, as identified in Chapter 7, is the difference between prescriptive
and performance-based building codes.

Prescriptive codes specify exactly what materials must be used and
how they must be assembled. They are essentially recipes: use this
type of brick, with this type of mortar, at this thickness, with this type
of insulation, in this configuration. They are easy to enforce because
compliance can be verified by checking whether the specified materi-
als and methods have been used. But they are inherently hostile to in-
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novation, because any new material or method requires explicit incor-
poration into the code before it can be legally used.

Performance-based codes specify what the building must achieve —
structural load capacity, fire resistance duration, thermal performance,
acoustic isolation — without prescribing how to achieve it. Any mater-
ial, any method, any system that can demonstrate compliance with the
required performance standards is acceptable. This framework re-
wards innovation because it allows new methods to be deployed as
soon as they can demonstrate they meet the required outcomes.

Sweden’s performance-based building code is the single most im-
portant regulatory factor behind its world-leading 45 per cent factory-
built housing sector. When the code does not specify which materials
or methods must be used, manufacturers are free to innovate, and the
market is free to adopt the innovations that deliver the best combina-
tion of cost, quality, and speed.

The United States” predominantly prescriptive approach is equally
significant in the other direction. A March 2026 Executive Order on
Removing Regulatory Barriers to Affordable Home Construction ex-
plicitly addressed the problem, directing agencies to re-examine re-
strictions on the use of manufactured or modular housing based on
the construction method rather than objective standards for building
and safety. This is a direct acknowledgement, at the highest level of
government, that prescriptive restrictions are constraining the housing
supply that the country desperately needs.

The EU’s updated Construction Products Regulation, which intro-
duces Digital Product Passports for construction components, repres-
ents an emerging middle path: standardised, machine-readable docu-
mentation of a product’s materials, carbon footprint, CE markings,
and performance data that can facilitate cross-border acceptance
without requiring full mutual recognition of national building codes.
This is a pragmatic response to the fact that a module certified in one
EU country cannot automatically be used in another — a barrier that
fragments the market and constrains manufacturing scale.

For the developing world, where building codes are often either
non-existent, outdated, or unenforceable, the opportunity is to devel-
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op modern, performance-based codes from the outset. Countries that
are writing or rewriting their building regulations now can learn from
Sweden’s success and the US’s constraints and adopt frameworks that
enable rather than obstruct the modern construction methods their
housing deficits demand.

Mortgage Lender Acceptance: The Hidden Barrier

In markets where homeownership depends on mortgage finance, the
willingness of mortgage lenders to lend against non-traditional con-
struction is a critical enabler or constraint. This is not primarily a con-
struction issue. It is a financial risk assessment issue. And it is one of
the most frustrating barriers for modern construction because it oper-
ates invisibly — the home exists, the buyer wants it, but the lender will
not finance it.

Mortgage lenders assess risk based on the resale value of the prop-
erty. If they believe that a factory-built home may be harder to sell in
future, or may depreciate faster, or may have maintenance issues that
are not yet understood, they will either refuse to lend or will require a
larger deposit to compensate for the perceived risk. This perception is
often based on outdated associations with post-war prefabricated
housing, which had genuine quality and durability issues, rather than
on evidence from modern factory-manufactured homes, which per-
form at least as well as traditional construction.

In the UK, this barrier is being addressed through a combination of
warranty products, industry standards, and growing track record. As
more factory-built homes are sold, occupied, and resold without is-
sues, the data that lenders need to assess risk accurately is being gen-
erated. Japan, where factory-built housing has been mainstreaming for
decades, demonstrates that lender acceptance follows market matur-
ity: when enough homes have been built, sold, and resold, the risk
data speaks for itself.

For emerging modular markets, the practical implication is that the
first wave of projects may need to rely on government-backed or non-
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mortgage financing until the track record is established. Government
guarantees that underwrite the mortgage risk for factory-built homes
— like how Help to Buy and shared equity schemes underwrite af-
fordability risk — could accelerate lender acceptance without requir-
ing lenders to change their risk models overnight.

<+

Emerging Standards: PAS 8700, HUD Code, and Beyond

The development of specific standards and codes for modern con-
struction is accelerating globally, reflecting the growing recognition
that existing regulatory frameworks were not designed for factory-
based methods and need updating.

PAS 8700:2025 (UK) is the new Publicly Available Specification for
MMC in new-build residential properties. It provides a specification
framework covering design, manufacture, transport, storage, assembly,
and completion of MMC housing, against which warranty providers,
insurers, and regulators can assess compliance. It defines DIMA as ‘a
process and culture that focuses on ease and efficiency of manufacture
and assembly” and establishes it as a prerequisite for offsite construc-
tion and MMC.

The HUD Code (US) governs manufactured housing — homes
built entirely in a factory and transported to a permanent site. It is a
federal standard that pre-empts state and local building codes, provid-
ing a single regulatory framework for the entire country. The Interna-
tional Building Code covers modular construction separately. The
March 2026 Executive Order directing re-examination of restrictions
on manufactured and modular housing signals potential reform.

Agrément (South Africa) provides technical assessment and certi-
fication of non-standard building systems. Regional manufacturers
have their prefabricated modular buildings certified through Agré-
ment South Africa, which provides the quality assurance that govern-
ment housing programmes and mortgage lenders require. The Agré-
ment model — an independent technical assessment body that evalu-
ates new construction products and systems against performance cri-
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teria — has been replicated in many countries and offers a template for
developing markets.

BCA Code (Singapore) integrates modern construction methods
into a comprehensive building regulatory framework. Singapore’s ap-
proach — where the government mandates MiC adoption, provides
pre-acceptance frameworks, and offers incentives including gross floor
area concessions — represents the most integrated regulatory support
for modern construction anywhere in the world.

EU Construction Products Regulation with its Digital Product
Passports introduces standardised, machine-readable documentation
for construction products that could eventually facilitate cross-border
acceptance of factory-manufactured components within the EU. This is
a long-term project but a strategically significant one for the European
modular manufacturing sector.

ISO 22156 (Bamboo) and national CEB standards represent the
emerging regulatory framework for alternative materials discussed in
Chapter 13. The International Bamboo and Rattan Organisation’s work
with national governments to develop bamboo building codes, and
the technical guidance published by CRATerre, UN-Habitat, and the
Auroville Earth Institute for compressed earth construction, are build-
ing the regulatory foundations that these materials need to achieve
mainstream adoption.

Lessons from Failures: What Goes Wrong and Why

The history of modern construction is punctuated by high-profile fail-
ures that have damaged confidence and provided ammunition for crit-
ics. Understanding why these failures occurred is essential for pre-
venting their recurrence and for building the institutional trust that
the sector needs.

Legal and General’s modular factory in the UK closed after re-
portedly losing £176 million because it could not secure sufficient
pipeline to reach its 3,500-homes-a-year target. Katerra in the United
States went bankrupt in 2021 after raising 2 billion dollars in venture
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capital because it tried to grow too fast, vertically integrating across
too many functions before proving the viability of any one of them.
Several smaller UK modular companies entered administration during
the 20222024 period as rising material costs, planning delays, and un-
certain demand squeezed margins.

The common themes across these failures are instructive. Pipeline
uncertainty is the most frequent killer. Factories have high fixed costs
that continue whether orders are flowing or not. Without a guaranteed
minimum volume of work, a factory is a fixed-cost liability, not a pro-
duction asset. The solution is long-term framework agreements that
provide the volume certainty manufacturers need.

Overambition in scaling is the second most common cause. Com-
panies that attempt to build and commission a new factory while sim-
ultaneously taking on their first projects create compound risk: the
factory is still learning, the workforce is still being trained, and the
projects are already committed to deadlines and budgets based on a
manufacturing process that does not yet function at full efficiency. The
solution is phased scaling: prove the product, prove the process, prove
the economics, then invest in capacity.

Misalignment between the business model and the industry is the
third factor. Venture-capital-funded modular companies, expecting the
rapid scaling and high margins of a technology startup, discover that
construction is a low-margin, high-volume, relationship-dependent in-
dustry that does not reward the move-fast-and-break-things approach.
Construction requires patience, precision, and trust built over years.
The companies that succeed in modular construction are those with
construction industry DNA, not those that treat housing as a techno-
logy product.

<+

Procurement, insurance, and regulation are not glamorous subjects.
They do not generate the excitement of a new construction technology
or the emotional resonance of a family receiving the keys to their first
home. But they are the machinery through which technology becomes
delivery and ambition becomes reality. Get them right and modern
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construction can scale. Get them wrong and even the best technology,
the strongest finance, and the most urgent need will not result in
homes being built.

The global direction of travel is clear. Procurement is moving to-
wards early manufacturer engagement and long-term frameworks. In-
surance is developing products specifically for factory-built housing.
Building codes are gradually shifting from prescriptive to perform-
ance-based. National certification frameworks are being established to
remove the fragmentation that constrains cross-jurisdictional deploy-
ment. Standards like PAS 8700 are codifying the requirements that the
market needs.

The pace of change is too slow for the scale of the crisis. But the dir-
ection is right. And every practitioner, every government official, every
housing association director, and every manufacturer who pushes for
procurement reform, code modernisation, and insurance innovation is
contributing to the institutional transformation that the global housing
crisis demands.

With this chapter, Part B is complete. We have seen how the world
responds today — region by region, through its financial instruments,
and through the procurement, insurance and regulatory frameworks
that govern delivery. We have also seen, again and again, that the re-
sponse is not keeping pace. In Part C, we turn to the ways to resolve it:
the construction methods, the design discipline, the structural sys-
tems, the building performance and the manufacturing capacity that
could close the gap. Now we build.

+
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IN BRIEF

Procurement: Traditional sequential procurement is incompatible with
factory-based construction. Design-and-build, two-stage tendering, and
framework agreements enable the early manufacturer engagement that
MMC requires. Frameworks provide pipeline certainty.

Risk allocation: Factory risk, site risk, design risk, and interface risk
must be explicitly allocated. Standard contracts are inadequate. Each
party should carry the risk they are best placed to manage.

Insurance and warranty: Limited historical data constrains insurer con-
fidence. PAS 8700, warranty product development, and growing track
record are addressing this in the UK. Developing markets have the op-
portunity to design insurance frameworks for MMC from scratch.

Building codes: Prescriptive codes constrain innovation; performance-
based codes enable it. Sweden’s performance code underpins its 45%
factory-built sector. A March 2026 US Executive Order directly ad-
dresses prescriptive restrictions on manufactured /modular housing.

Mortgage lender acceptance: Based on resale risk perception, often
outdated. Track record, warranty products, and government guarantees
are the pathways to acceptance.

Emerging standards: PAS 8700 (UK), HUD Code (US), Agrément
(South Africa), BCA (Singapore), EU Digital Product Passports, ISO
22156 (bamboo). The regulatory framework is developing globally but
unevenly.

Lessons from failures: Pipeline uncertainty, overambitious scaling, and
misaligned business models are the three most common causes. Long-
term frameworks, phased scaling, and construction-industry DNA are
the solutions.

MY PERSPECTIVE

Procurement, insurance and regulation are the parts of construction that
nobody photographs, and everybody complains about. I have spent a good deal
of my career in their grip: waiting on approvals, negotiating warranties for
things the insurer had never seen before, watching good projects die in the gap
between what a code prescribed and what a building needed to do.
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The failures examined in this chapter — factories closed for want of a pipeline,
start-ups that grew faster than their order books — are not arquments against
modern methods. They are arquments against procuring them badly. A fact-
ory is a fixed cost; it needs a steady flow of work or it dies. Governments that
want the benefits of industrialised housing must procure it as a programme,
not as a series of one-off projects, and requlators must judge buildings by how
they perform rather than by how they were made. Get those two things right
and much of the rest follows. Get them wrong and no amount of technology
will save the project.

143



PART C

The Ways to Resolve It

The methods that already exist to build good homes faster, better and

more predictably: the full spectrum of modern construction, how to

design for factories and workshops in real places, which structures

suit which regions, how buildings must perform in every climate,

and where the factories come from.

11
12
13
14
15

The Spectrum of Modern Construction Methods

Designing for Manufacture, Assembly — and Context

Structural Systems — Choosing the Right Frame for the Region
Energy, Services and Building Performance Across Climates
Manufacturing for the World — Building the Global Supply Chain
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CHAPTER 11

The Spectrum of Modern
Construction Methods

Modern construction is not one method. It is a
spectrum — and every country sits somewhere on it.

30-50% 100-400% 7

faster with volumetric productivity gain recorded categories of modern
modules in Hong Kong construction

IN THIS CHAPTER

—Category 1: Volumetric (3D) Modular Construction
—~Category 2: Panelised (2D) Systems

—Category 3: Hybrid Systems

—~Category 4: Additive Manufacturing (3D Printing)

—Category 5: Sub-Assemblies and Pods

—Beyond the Framework: Construction for the Developing World
—Categories 6 and 7: Site-Based Innovations

—Choosing the Right Method: Context Is Everything

—The Spectrum at a Glance
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Modern methods of construction is not a single technology. It is a
spectrum — a continuum that runs from fully factory-built, six-sided
volumetric modules at one end to innovative site-based processes at
the other, with panelised systems, hybrid approaches, sub-assemblies,
pods, 3D printing, and earth-based technologies distributed along the
way. Each method has strengths and limitations. Each is suited to dif-
ferent contexts. And each has a role to play in addressing the global
housing crisis described in the preceding chapters.

This chapter is the practitioner’s guide to that spectrum. It is writ-
ten not for academics or policymakers but for the people who will de-
cide which method to use on a specific project, in a specific location,
with a specific budget, workforce, and climate. It explains what each
method is, how it works, what it costs, where it performs best, and
crucially, where it should not be used. Because the fastest way to dis-
credit modern construction methods is to apply the wrong one to the
wrong context.

The chapter is structured around seven categories, broadly aligned
with the framework established by the UK’s Ministry for Housing and
adopted in various forms internationally. But it goes beyond the stand-
ard framework to include construction methods that are particularly
relevant to the developing world — compressed earth blocks, bamboo
systems, and incremental housing — which do not fit neatly into a
framework designed primarily for industrialised economies.

<+

Category 1: Volumetric (3D) Modular Construction

Volumetric modular construction is the method that most people
mean when they say, ‘modular building.” It involves the production of
complete three-dimensional units in a factory — entire rooms or sec-
tions of a building, with walls, floors, ceilings, internal finishes, ser-
vices, and sometimes even furniture installed before the module leaves
the production line. These finished modules are then transported to
site and lifted into position, typically by crane, where they are connec-
ted to foundations, to each other, and to external services.
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The advantages are substantial. Construction time on site is drastic-
ally reduced — the University of Hong Kong found that MiC reduces
construction time by 30 to 50 per cent and increases on-site productiv-
ity by 100 to 400 per cent. Quality control is superior because manufac-
turing takes place in a controlled factory environment, unaffected by
weather, with standardised processes, precision tooling, and systemat-
ic inspection. Waste is significantly lower than site construction, with
factory production enabling material reuse and recycling at rates that
site construction cannot match. Safety is improved because the most
labour-intensive work happens in a factory rather than at height on a
construction site.

The limitations are equally clear. Volumetric modules are large —
typically the size of a room — and must be transported by road, rail,
or sea. Transport dimensions are governed by highway regulations in
each country, which constrains module size and therefore the internal
dimensions of the rooms that can be manufactured. A vehicle that
could carry many panels in flatpack form might carry only one or two
volumetric modules, making transport a significant cost component.
Volumetric construction requires substantial upfront investment in
factory facilities and is economically viable only with a guaranteed
pipeline of work. This is the method most vulnerable to the boom-and-
bust cycle of construction demand — when orders stop, the factory’s
fixed costs continue.

Volumetric modular is best suited to buildings with highly repetit-
ive units, such as hotels, student accommodation, healthcare facilities,
residential apartment blocks, and worker dormitories. It is best ap-
plied in markets with developed road and crane infrastructure, where
transport routes and site access can accommodate large modules, and
where pipeline certainty exists through government frameworks or
long-term commercial contracts.

Globally significant examples include: Japan’s largest housebuilder
producing 50,000 factory-made homes annually; Hong Kong’s MiC
programme with over 80 projects and 200,000 planned units; the UK’s
volumetric housing sector; and Scandinavian manufacturers produ-
cing timber volumetric apartments.
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Category 2: Panelised (2D) Systems

Panelised construction uses flat, pre-manufactured panels — walls,
floors, and roof sections — that are produced in a factory and as-
sembled on site. The panels can range from basic structural frames to
fully enhanced elements that arrive with insulation, internal linings,
external cladding, windows, and even pre-installed services already in
place.

The great advantage of panelised systems over volumetric is logist-
ics. Flat panels can be stacked and transported far more efficiently
than three-dimensional modules. A single lorry that carries one volu-
metric module might carry the panels for an entire house. This makes
panelised systems more cost-effective for projects in locations with
limited transport infrastructure, and more practical in countries where
roads are narrow, unpaved, or mountainous.

Panelised systems also offer greater design flexibility than volumet-
ric. Because the building is assembled from flat components rather
than pre-formed rooms, architects have more freedom in configuring
layouts, room sizes, and building shapes. The technology works
equally well for individual houses, terraces, low-rise apartments, and
educational or commercial buildings.

The trade-off is that more work happens on site than with volumet-
ric construction. Panels must be erected, connected, sealed, and fin-
ished, which requires a larger on-site workforce and more time. The
quality advantages are still significant compared with traditional con-
struction, but they are less absolute than with volumetric, because the
on-site assembly process introduces variables that factory production
eliminates.

Panelised construction is the dominant form of prefabricated hous-
ing in Sweden, where it accounts for the bulk of the country’s 45 per
cent factory-built housing sector. It is also the most common form of
timber-frame construction in the UK, where companies like Bellway
are expanding their timber-frame production capacity to target 30 per
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cent of output by 2030. Wales’s pattern book of 15 house types optim-
ised for modular production is primarily designed for panelised deliv-
ery.

For the developing world, panelised systems offer perhaps the most
practical entry point into modern construction. A panel manufactur-
ing workshop can be established at lower capital cost than a volumet-
ric factory. Panels can be transported on smaller vehicles over less de-
veloped road networks. And the on-site assembly process can be per-
formed by semi-skilled workers with appropriate training, making it
compatible with local employment strategies.

4

Category 3: Hybrid Systems

Hybrid construction combines volumetric and panelised approaches
within a single building. The most common application is to manufac-
ture the technically complex parts of a building — bathrooms and kit-
chens — as complete volumetric pods, while constructing the rest of
the building using panelised or traditional methods.

This approach makes economic and practical sense because bath-
rooms and kitchens are the most services-intensive, quality-critical
parts of any home. They contain plumbing, drainage, waterproofing,
tiling, sanitary ware, and electrical installations — all of which benefit
enormously from factory production. A bathroom pod manufactured
in a factory, with every joint pressure-tested, every surface sealed, and
every fitting installed under controlled conditions, will consistently
outperform a bathroom built on site by different tradespeople over
several weeks.

Hybrid construction allows builders to adopt MMC incrementally.
A developer who is not ready to commit to full volumetric construc-
tion can begin with bathroom pods, then progress to closed-panel wall
systems, then to fully enhanced panels, building expertise and confid-
ence step by step. This is a pragmatic pathway to industrialised con-
struction, and it is the route that many UK housing associations and
developers are currently following.
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Category 4: Additive Manufacturing (3D Printing)

3D printing in construction involves the use of computer-controlled
machines to deposit building material — typically a form of concrete
or mortar — layer by layer, creating structural walls and components
directly from digital models. The technology has captured enormous
media attention, and pilot projects have been completed in multiple
countries.

The genuine advantages of 3D printing are significant. It can dra-
matically reduce the labour required for structural shell construction.
It can create complex geometries that are difficult or impossible with
traditional formwork. Material waste is minimal because material is
deposited only where it is needed. And in contexts where skilled con-
struction labour is scarce, a machine that can produce structural walls
from locally available materials with minimal human intervention has
obvious appeal.

The limitations, as of 2026, are equally significant. Current 3D print-
ing technology is largely limited to single-storey structures, though re-
search into multi-storey applications is progressing. The machines re-
quire substantial upfront capital investment. The range of materials
that can be printed is limited, and questions about the long-term dur-
ability, structural performance, and maintenance requirements of prin-
ted buildings are not yet fully resolved. The technology currently pro-
duces structural shells — the internal fit-out, services, windows,
doors, and roof still require conventional installation.

For social housing in the developing world, 3D printing holds genu-
ine promise as a future technology, particularly if machines can be de-
veloped that use locally sourced earth or recycled materials. Pilot pro-
jects in Africa, India, and the Middle East have demonstrated proof of
concept. In the United States, printed homes are being deployed in dis-
aster recovery zones. But as a reliable, scalable, mainstream construc-
tion method for social housing at global volume, 3D printing is not yet
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ready. It is a technology to invest in and monitor, not one to stake a na-
tional housing programme on.

Category 5: Sub-Assemblies and Pods

This category encompasses pre-manufactured components that do not
form the primary structure of a building but consolidate materials and
processes that would otherwise be completed on site. The most im-
portant examples are bathroom pods, kitchen pods, and pre-as-
sembled MEP (mechanical, electrical, and plumbing) modules.

Bathroom and kitchen pods are arguably the single most practical
and widely adoptable form of modern construction. They can be integ-
rated into buildings constructed by any method — traditional ma-
sonry, concrete frame, steel frame, timber frame, or modular. They de-
liver measurable benefits in quality, speed, and defect reduction
without requiring the builder to fundamentally change their approach
to the rest of the building.

Pre-assembled MEP modules — service risers, plant room compon-
ents, electrical distribution boards, and ventilation units manufactured
and tested in a factory before installation — similarly reduce on-site
complexity and improve reliability. In healthcare and laboratory build-
ings, where services are extraordinarily complex, MEP pre-assembly is
now standard practice in many countries.

For the global social housing market, pods and sub-assemblies rep-
resent the lowest-risk entry point into modern construction. They re-
quire no change to the structural approach. They can be sourced from
specialist manufacturers and integrated into projects led by traditional
builders. And they deliver immediate, measurable improvements in
the areas of the building where quality matters most to the occupant:
the kitchen and the bathroom.
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Beyond the Framework: Construction for the Developing
World

The seven-category MMC framework was developed in the UK for an
industrialised economy with developed infrastructure, established
supply chains, and a skilled construction workforce. It does not ad-
equately capture the construction methods that are most relevant to
the housing challenges described in Chapters 4, 5, and 6. Three addi-
tional approaches deserve specific attention.

Compressed Earth Blocks. CEBs use locally sourced soil, stabilised
with a small percentage of cement, compressed in manual or motor-
ised presses to produce blocks that are stronger, more dimensionally
consistent, and more thermally effective than traditional sun-dried
bricks. CEB production requires low capital investment, creates local
employment, dramatically reduces dependence on imported materials,
and produces buildings with excellent thermal mass for hot climates.
The technology is proven, well-documented by organisations includ-
ing the Centre for Appropriate Technology and UN-Habitat and has
been used in thousands of projects across Africa, South Asia, and Lat-
in America. Its main barrier to adoption is not technical but cultural
and regulatory: building codes in many countries do not recognise
earth-based construction, and perceptions that associate earth with
poverty rather than innovation persist.

Bamboo-Based Structural Systems. Engineered bamboo is emer-
ging as a structural material with remarkable properties. It grows to
harvestable maturity in three to five years, compared with decades for
structural timber. It has a tensile strength comparable to steel. It se-
questers carbon rapidly. And it grows abundantly in precisely the
tropical regions where housing demand is greatest. Engineered bam-
boo products — laminated bamboo beams, panels, and structural
frames — are being developed that meet international structural per-
formance standards. The International Bamboo and Rattan Organisa-
tion has worked with multiple governments to develop building codes
for bamboo construction. The challenge is scaling production, devel-
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oping consistent supply chains, and overcoming the perception that
bamboo is a temporary material rather than a permanent one.

Incremental Housing Systems. As discussed in Chapter 4, incre-
mental housing is a construction approach designed to be built in
stages. A structurally complete core unit provides a safe, serviced
home from day one, with pre-designed expansion points that allow
the household to add rooms and improve finishes over time. This is
not self-build in the informal sense. It is engineered incompleteness —
a deliberate design strategy that matches construction to the financial
reality of households who cannot afford a complete home at once but
can improve one gradually over years. When supported by secure ten-
ure, technical guidance, and housing microfinance, incremental hous-
ing is one of the most culturally and economically appropriate con-
struction approaches for low-income communities in Africa, South
Asia, and Latin America.

+

Categories 6 and 7: Site-Based Innovations

The final two categories of the MMC framework cover innovations
that improve productivity and quality while still operating on a tradi-
tional construction site.

Category 6 includes large-format building products that reduce the
amount of site labour required for installation: pre-cut timber systems,
brick slip panels, modular wiring looms, flexible pipework, and com-
ponent-level systemisation. These innovations may seem modest com-
pared with volumetric modular construction, but their cumulative im-
pact on productivity is significant, and they can be adopted by any
builder without capital investment in factory facilities.

Category 7 encompasses innovative site-based processes: advanced
scheduling and sequencing, lean construction techniques, self-climb-
ing formwork, on-site robotics for repetitive tasks, and drone-based
survey and inspection. These process innovations improve the effi-
ciency of traditional construction without changing the fundamental
method. They are particularly relevant in markets where the infra-
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structure and supply chains for factory-based construction do not yet
exist, but where improvements in site productivity are urgently
needed.

These categories are often overlooked in discussions that focus on
the dramatic end of the MMC spectrum — volumetric modules and
3D printing. But for the global construction industry, incremental im-
provements in site-based productivity may deliver more housing,
sooner, than waiting for factory-based methods to achieve scale. The
two approaches are not alternatives. They are complements. A con-
struction industry that is improving its site-based productivity today
is better positioned to adopt factory-based methods tomorrow.

<+

Choosing the Right Method: Context Is Everything

The single most important message of this chapter is that there is no
universally best construction method. There is only the method that is
best suited to the specific context of a specific project.

A reader in Stockholm, considering a multi-storey social housing
project with excellent road infrastructure, crane access, and a guaran-
teed pipeline from a housing association framework agreement,
should be looking at timber volumetric modular or closed-panel sys-
tems manufactured by established Scandinavian producers.

A reader in Nairobi, working with a community land trust on a set-
tlement upgrading programme, should be looking at compressed
earth blocks, panelised systems manufactured in a regional workshop,
and incremental housing designs that allow families to build over
time.

A reader in Hong Kong, facing extreme land constraints and labour
shortages, should be looking at full MiC with factory production in
the Greater Bay Area and on-site installation by crane.

A reader in rural Bangladesh, planning climate-resilient housing in
a flood zone, should be looking at elevated, lightweight steel-framed
or timber-framed panelised construction, designed for rapid assembly
and potential relocation.
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A reader in post-earthquake Turkey, tasked with emergency hous-
ing for displaced families, should be looking at modular container-
based or panelised systems that can be deployed within weeks and
potentially relocated as permanent housing becomes available.

The decision matrix in Chapter 17 will formalise this process, map-
ping construction methods against five contextual axes: climate, eco-
nomy, available skills, transport infrastructure, and governance frame-
work. But the principle is established here: context determines meth-
od, not the other way around. The role of this book is not to advocate
for one construction method. It is to equip practitioners with the
knowledge to choose the right one.

*
The Spectrum at a Glance
Method Factory Con- Best For Key Limitation Global Relevance
tent
Volumetric ~ Very high — Repetitive build-  Transport size, = Developed markets
(3D) complete rooms ings: hotels, capital cost, with road/crane in-
apartments, pipeline de- frastructure
dormitories pendency
Panelised Medium to high Houses, low-rise, More on-site Universal — most
(2D) — flat panels schools work than volu-  practical entry
metric point for develop-
ing markets
Hybrid Mixed — pods + Incremental Coordination Transitional path-
panels/traditional MMC adoption complexity way for builders
moving to MMC
3D Printing  High for shell; Single-storey, Limited to Future technology;
low for fit-out low-labour con- shells; capital-  watch and invest,
texts intensive; early  do not yet rely
stage upon
Pods & High for specific ~ Bathrooms, kit- Does not ad- Lowest-risk MMC
Sub-as- components chens, MEP dress primary entry point for any
semblies modules structure builder anywhere
Com- Low — local Africa, South Regulatory bar-  Transformative for
pressed manual/motor- Asia, Latin Amer- riers; cultural low-income hous-
Earth ised production ica — hot, dry cli- perceptions ing in earth-abund-
Blocks mates ant regions
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Method Factory Con- Best For Key Limitation Global Relevance
tent
Bamboo Low to medium  Tropical regions  Supply chain Emerging; high po-
Systems — engineered with bamboo maturity; code tential for tropics
products availability recognition
Incremental Core structure Low-income Requires tenure  Essential for Africa,
Housing factory-made; communities; security and mi-  South Asia, Latin
expansion over self-build aug- crofinance America
time mentation
Site Innov-  Low — improved All traditional Incremental im-  Universal — im-
ations site processes construction provement, not  proves productivity
(6&7) transformation everywhere, imme-
diately
‘

The spectrum of modern construction methods is wide enough to ad-
dress every housing context described in this book. From the precision
of Japanese factory production to the community-based simplicity of
compressed earth block making, from Hong Kong’s crane-lifted MiC
modules to the incrementally expanding core homes of Addis Ababa,
the technology exists. The challenge has never been whether modern
construction can deliver the homes the world needs. The challenge is
matching the right method to the right place, at the right scale, with
the right financial and regulatory support.

In the next chapter, we examine how design must adapt to serve
these methods — how the principles of Design for Manufacture and
Assembly apply across the global spectrum, and why designing for a
factory in Sweden is fundamentally different from designing for a
workshop in Kenya or a 3D printer in the desert.

<+
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IN BRIEF

MMC is a spectrum, not a single method. From fully factory-built
volumetric modules to site-based process improvements, the range of
modern construction approaches spans every level of technology, capit-
al investment, and economic context.

Volumetric modular: 30-50% faster, 100-400% productivity gains, su-
perior quality control. Requires transport infrastructure, capital invest-
ment, and guaranteed pipeline.

Panelised systems: The most universally applicable factory-based
method. Efficient logistics, design flexibility, practical for developing
markets. The entry point for most countries.

3D printing: Genuine promise for the future but currently limited to
single-storey shells. Watch and invest; do not yet rely upon for national-
scale programmes.

Pods and sub-assemblies: Bathroom pods, kitchen pods, and pre-as-
sembled MEP modules. The lowest-risk entry point into modern con-
struction for any builder, anywhere.

Developing-world methods: Compressed earth blocks, bamboo sys-
tems, and incremental housing are essential for contexts where the sev-
en-category framework does not fit. They must be recognised in build-
ing codes and supported by finance.

Context determines method: There is no universally best construction
method. There is only the method best suited to the climate, economy,
skills, transport infrastructure, and governance of the specific project.

MY PERSPECTIVE

I have spent my working life on both sides of this spectrum. Most of my career
was in conventional construction — bricks, blocks, concrete, timber, cut and
fixed on site by skilled people. I know its virtues and I know its waste: the
weeks lost to weather, the tolerances that drift, the finishes that depend en-
tirely on who turned up that morning. And I have watched, more recently,
what happens when the same building is made in a factory instead: the preci-
sion, the speed, the quiet.
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What I want the reader to take from this chapter is that none of these methods
is the answer, and all of them are part of it. Volumetric modules make sense
where roads and cranes exist and labour is expensive. Panels make sense al-
most everywhere. Compressed earth makes sense where the earth is the only
material that will arrive on time. The mistake I have seen repeated in every re-
gion is the search for a single system to solve a problem that is different in
every place. Choose the method for the context, not the context for the method.
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CHAPTER 12

Designing for Manufacture,
Assembly — and Context

A design that ignores who will make it, how it will
travel and who will assemble it is not a design. It is a
drawing.

6 2 0

universal DfMA principles worlds of manufacturing: tolerance for guesswork at
the factory and the the factory-to-site joint
workshop

IN THIS CHAPTER

—The Universal Principles

—Two Worlds of Manufacturing: The Factory and the Workshop
—Designing for Real Transport Routes

—Designing for the Workforce You Have

—Digital Tools: From BIM to Mobile

—Repetition Without Monotony: Achieving Architectural Quality
—The Platform Approach: Designing for Programmes, Not Projects
—DfMA Across Climate Zones
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Design for Manufacture and Assembly is a phrase that originated in
the automotive and consumer electronics industries. It refers to a
design approach that considers, from the very first sketch, how a
product will be manufactured in a factory and how it will be as-
sembled into its final form. The aim is to simplify both processes — to
reduce the number of components, to ensure each component can be
made efficiently, and to design the product so that it goes together eas-
ily, quickly, and with minimal opportunity for error.

Applied to construction, DIMA is the discipline that transforms a
building from something that is designed and then figured out on site,
into something that is designed specifically to be manufactured in a
factory and assembled at its destination. It is not an optional enhance-
ment. It is the precondition for every form of modern construction de-
scribed in the previous chapter. Without DIMA thinking, you are not
doing modular construction. You are doing traditional construction
with factory-made components — and you will not achieve the speed,
quality, or cost benefits that modern methods promise.

But here is what the textbooks do not tell you. DIMA as it has been
developed and codified in the UK, Hong Kong, and Scandinavia as-
sumes a set of conditions that do not exist everywhere in the world. It
assumes precision manufacturing facilities. It assumes reliable road
networks with known vehicle size limits. It assumes crane availability
on site. It assumes a skilled workforce trained in factory processes. It
assumes digital design tools and BIM coordination. It assumes a sup-
ply chain that can deliver specified materials to specification and on
schedule.

These assumptions hold true in Stockholm, London, and Hong
Kong. They do not hold true in Nairobi, Dhaka, or rural Mozambique.
And yet it is precisely in those places that the housing crisis is most
acute and the need for manufacturing-based construction methods is
greatest. This chapter therefore takes the universal principles of DIMA
and examines how they must be adapted — not abandoned, adapted
— to work across the full range of global contexts in which social
housing must be delivered.
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The Universal Principles

Certain DfMA principles are universal. They apply whether you are
designing a timber volumetric module in a Swedish factory or a com-
pressed earth block house kit for community assembly in Ghana.
These principles are the foundation upon which all context-specific
adaptation is built.

Reduce the number of components. Every additional part in a
building is an additional opportunity for error, delay, and cost. DIMA
thinking relentlessly asks: can two components become one? Can a
joint be eliminated? Can a process be combined? The fewer the parts,
the faster the assembly, the lower the defect rate, and the simpler the
supply chain. This principle applies equally to a high-tech steel mod-
ule and a hand-assembled panel house. Simplicity is universal.

Design for repetition. Repetition is what makes factory production
efficient. When the same component is manufactured hundreds or
thousands of times, the production line optimises, workers develop
expertise, quality improves, and unit costs fall. In housing, repetition
means standardising room sizes, structural grids, window and door
positions, service routes, and connection details so that the same com-
ponents can be used across multiple units and multiple projects. This
does not mean every home must look identical. It means the underly-
ing structure and components are standardised while the finishes, lay-
outs, and external appearance can vary. Sweden’s best-known stand-
ardised housing brand demonstrates this beautifully: standardised
components, varied homes.

Design for tolerance. Tolerance management is the single most
technically critical aspect of DIMA in construction. A factory-made
component is produced to millimetre precision. A site-prepared
foundation is, at best, produced to centimetre precision. The interface
between the two — the point where factory meets site — must be de-
signed to accommodate the difference. This means building in adjust-
ment capacity at connection points, using shimming systems, design-
ing flexible joint details, and specifying tolerance ranges that are
achievable in the conditions where assembly will take place. In a
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European or Asian context, this is a well-understood engineering dis-
cipline. In a developing-world context, where foundation quality may
be more variable, tolerance design becomes even more critical — and
must be more generous.

Design for transport. Every component that is manufactured away
from its final location must be transported. Transport imposes dimen-
sional constraints (width, height, length, and weight limits for road
vehicles), structural requirements (the component must survive the
journey without damage), and logistical considerations (route clear-
ance, escort requirements, delivery scheduling). In countries with de-
veloped highway networks, these constraints are standardised and
well-documented. In countries where the last mile may be an unpaved
track, a river crossing, or a mountain road, transport design is a funda-
mentally different challenge. A DfMA approach that designs compon-
ents too large to reach the site is not a design approach at all. It is an
expensive mistake.

Design for the assembly workforce. A component that requires a
PhD in structural engineering to install is not well-designed for as-
sembly. DIMA requires that connections, sequences, and processes are
designed for the people who will actually perform them. In a Scand-
inavian or Japanese context, that workforce is highly trained and ex-
perienced in factory-based methods. In a developing-world context,
the assembly workforce may be semi-skilled community members
with minimal formal construction training. Both are valid workforces.
But the design must match the skill level available. Connections
should be self-aligning where possible. Sequences should be intuitive.
Instructions should be visual, not textual, to overcome language barri-
ers. Colour-coding, numbered components, and physical guides that
prevent incorrect assembly are all DIMA techniques that make the dif-
ference between a system that works in practice and one that works
only in theory.

Design for the climate. A building component designed for as-
sembly in a temperate European climate will not necessarily perform
correctly in 50-degree Gulf heat, tropical humidity, or sub-zero Siberi-
an cold. Adhesives, sealants, gaskets, and coatings all have temperat-
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ure and humidity ranges within which they perform. Assembly pro-
cesses that require precise alignment may be compromised if workers
are operating in extreme heat with reduced manual dexterity. Curing
times for concrete and grout vary dramatically with temperature.
DfMA in a global context must specify materials and processes that
are compatible with the climate in which assembly will occur — not
just the climate in which the building will operate.

<+

Two Worlds of Manufacturing: The Factory and the
Workshop

When DfMA literature discusses manufacturing, it typically envisions
a facility like the leading timber-volumetric plants of Sweden or the
housebuilding factories of Japan: a large, climate-controlled factory
with production lines, overhead cranes, robotic cutting and welding
equipment, digital quality control systems, and a trained workforce
operating in conditions that would be familiar to an automotive manu-
facturer. This is one end of the manufacturing spectrum. It is valid,
proven, and extraordinarily effective. It is also capital-intensive, en-
ergy-dependent, and requires a guaranteed pipeline of orders to re-
main economically viable.

At the other end of the spectrum is the regional manufacturing
workshop. A covered space — perhaps a repurposed warehouse or a
purpose-built shed — equipped with a concrete floor, basic power
tools, manual or motorised cutting and pressing equipment, and a
workforce trained in the specific assembly processes required. This is
the kind of facility that can produce panelised wall and floor sections,
compressed earth blocks, timber frame components, and pre-as-
sembled service modules for distribution within a regional market.

DfMA principles apply equally to both, but the design decisions are
different. In a high-tech factory, the designer can specify tight toler-
ances, complex geometries, and multi-material assemblies because the
production equipment can deliver them consistently. In a regional
workshop, the designer must work with simpler geometries, more
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generous tolerances, fewer material types, and connection systems
that can be executed with hand tools and basic power equipment. The
designer must also consider the training required: a connection detail
that a factory worker learns in an hour may require a week of training
for a community builder encountering it for the first time.

The mistake that many international construction programmes
make is to design for the factory and then try to build in the work-
shop. This does not work. DIMA for a Nairobi regional panel work-
shop is a different design exercise from DfMA for a Stockholm volu-
metric factory. Both are legitimate. Both require rigour. But they pro-
duce different designs, different connection details, different material
specifications, and different assembly sequences. The designer who
understands this will produce housing that can actually be built. The
designer who does not will produce beautiful drawings and failed
projects.

Designing for Real Transport Routes

Transport design in developed markets is a solved problem. Highway
regulations specify maximum vehicle dimensions. Route surveys
identify pinch points. Police escorts can be arranged for oversize loads.
Delivery can be scheduled to avoid traffic congestion. The challenge is
logistical, not existential.

In much of the developing world, transport design is a fundamental
constraint that shapes every other design decision. A modular com-
ponent that must travel from a factory in a coastal city to a housing
site in a rural interior may face roads that are unpaved, bridges with
weight limits, river crossings with no bridges at all, urban streets too
narrow for standard lorries, and rainy seasons that make certain
routes impassable for months.

Designing for these conditions means, in practice, designing smal-
ler and lighter components. It means panelised rather than volumetric.
It means components that can be loaded onto smaller vehicles —
pickup trucks, flatbed trailers, even boats or donkey carts in the most
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challenging locations. It means designing for manual unloading where
cranes are not available. It means flat-packing everything that can be
flat-packed and minimising the volume of air being transported.

Indonesia’s archipelagic geography, discussed in Chapter 5,
presents a specific transport challenge: maritime logistics. Modules or
panels manufactured on Java must be shipped by sea to reach sites on
Sumatra, Kalimantan, Sulawesi, or the thousands of smaller islands.
This requires not only waterproof packaging and salt-resistant materi-
als but also component dimensions that fit standard shipping contain-
er formats. Designing to ISO container dimensions — components that
fit within a 20-foot or 40-foot container — opens access to the global
maritime freight network and dramatically simplifies international
shipping logistics.

Designing for the Workforce You Have

The construction workforce in Sweden is highly trained, unionised,
and experienced in factory-based methods. The construction work-
force in Sub-Saharan Africa is predominantly informal, self-taught,
and experienced in traditional masonry and carpentry. The construc-
tion workforce in the Gulf States includes a high proportion of migrant
workers from South Asia, with varying skill levels and language back-
grounds. Each of these workforces is capable. None of them is inter-
changeable.

DfMA for a global housing market must design for the workforce
that exists, not the workforce the designer wishes existed. This has
profound implications for connection design, assembly sequencing,
and training requirements.

Bolted connections, for example, are universally understood and re-
quire only basic tools. Welded connections require trained welders,
electricity supply, and welding equipment — none of which can be as-
sumed in all contexts. Adhesive connections require specific environ-
mental conditions for curing. Interlocking connections that require no
tools at all — tongue-and-groove, click-fit, or gravity-locked systems
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— represent the gold standard of DIMA for low-skill assembly, be-
cause they eliminate the variable of tool availability and operator ex-
pertise entirely.

Visual assembly instructions, modelled on the approach that flat-
pack furniture retailers have refined over decades, have direct applic-
ability to construction assembly in multilingual contexts. A set of as-
sembly instructions that uses only diagrams, numbered steps, colour-
coded components, and physical reference points can be followed by a
worker who speaks any language and has any level of literacy. This is
not a dumbing-down of the construction process. It is a sophistication
of the design process — a design that is so well-resolved that the as-
sembly is self-evident.

Training programmes must be designed alongside the building sys-
tem, not added as an afterthought. Every modular or panelised system
should include a training package that can be delivered in the local
language, that uses practical demonstration rather than classroom in-
struction, and that can qualify a team of local assemblers within days
rather than months. The systems that have achieved the greatest glob-
al reach — from container-based accommodation to panelised school
buildings delivered by NGOs — are those that have invested as heav-
ily in their training programme as in their product engineering.

<+

Digital Tools: From BIM to Mobile

Building Information Modelling has become the standard digital
design and coordination platform for DIMA in developed markets. A
BIM model that contains the precise geometry, material specification,
structural properties, and services coordination of every component
enables automated manufacturing — CNC cutting, robotic assembly,
and quality verification against the digital model. The integration of
BIM with manufacturing execution systems creates a seamless digital
thread from design through production to site assembly.

In much of the developing world, BIM is not the starting point. It
may be the destination, but the journey begins with more accessible
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digital tools. Mobile-based design and instruction applications, GPS-
enabled site survey tools, simple CAD platforms that run on smart-
phones or tablets, and video-based training materials are all more im-
mediately applicable than full BIM implementation in contexts where
the construction industry is still transitioning from manual to digital
processes.

The UK'’s Digital Kit of Parts concept, developed by the Ministry of
Housing, envisions a library of standardised, digitally defined build-
ing components that can be selected and combined to create a variety
of housing configurations. The concept has direct global applicability.
A digital library of panelised wall sections, roof cassettes, floor plat-
forms, and service modules, optimised for regional manufacturing
capabilities and local building codes, could be made available to archi-
tects and builders worldwide through open-source platforms. The
design intelligence would be embedded in the components them-
selves, reducing the expertise required of the individual designer and
enabling a wider range of practitioners to produce high-quality hous-
ing designs.

The critical principle is that digital tools should serve the design
process, not constrain it. A housing programme that requires BIM ex-
pertise to participate will exclude most of the world’s construction
practitioners. A programme that provides design intelligence through
accessible digital tools will include them. DfMA is about making man-
ufacture and assembly easier. The digital tools that support it should
make design easier too.

Repetition Without Monotony: Achieving Architectural
Quality

The greatest cultural resistance to DIMA and modern construction
methods comes from the fear that standardisation and repetition will
produce monotonous, dehumanising housing — the concrete tower
blocks of post-war Europe, the paneldk of the Eastern Bloc, the grey
uniformity that gave social housing its worst reputation.
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This fear is not irrational. It is based on real experience. But the ex-
perience it draws on is from an era when standardisation meant
identical buildings, when the technology to produce variety within a
standardised system did not exist, and when architectural ambition
was sacrificed to political urgency.

Today, the technology exists to achieve what the industry calls mass
customisation — the production of individualised products using
standardised manufacturing processes. A panelised system with a
standardised structural grid, standardised panel dimensions, and
standardised connection details can produce houses that vary in lay-
out, size, orientation, and external appearance while using the same
set of factory-produced components. The structural grid is invisible.
The standardised connections are hidden in the walls. What the resid-
ent sees and experiences is variety, individuality, and architectural
quality.

Achieving this requires the architect to work within the discipline
of the manufacturing system rather than against it. This is a different
kind of design freedom from the blank-sheet approach of traditional
architecture, where every building is a one-off. It is closer to the way a
jazz musician improvises within a harmonic structure, or the way a ty-
pographer creates thousands of distinct page layouts using a fixed set
of typefaces and grid proportions. The constraints of the system are
not the enemy of creativity. They are the framework within which cre-
ativity operates most productively.

Some of the most beautiful social housing in Europe — in Vienna,
Copenhagen, Amsterdam, and Helsinki — has been produced using
standardised, factory-manufactured systems. The architectural quality
comes not from the manufacturing method but from the design talent
applied within it. A well-designed prefabricated home is better archi-
tecture than a badly designed site-built one. The method is neutral.
The design is everything.
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The Platform Approach: Designing for Programmes, Not
Projects

The most significant conceptual advance in DIMA for construction is
the shift from project-based design to platform-based design. In pro-
ject-based design, every building is designed individually, even if it
uses some standardised components. In platform-based design, a kit
of parts is developed — a platform of standardised, interchangeable,
compatible components — from which many different buildings can
be configured.

The UK’s Construction Innovation Hub published the Product Plat-
form Rulebook, outlining how to develop and deploy platform-based
approaches. The idea is powerful: instead of designing a house, you
design a housing system. Instead of a one-off production run, you cre-
ate a product line. Instead of reinventing the structural grid, the con-
nection details, and the service routes for every project, you develop
them once, optimise them thoroughly, and then deploy them re-
peatedly.

For social housing at global scale, the platform approach is trans-
formative. A government or housing authority that invests in develop-
ing a housing platform — a set of standardised components, a digital
design library, a manufacturing specification, and a training pro-
gramme — can then deploy that platform across hundreds or thou-
sands of sites, achieving economies of repetition that no project-based
approach can match. Wales’s pattern book of 15 house types, Singa-
pore’s HDB design standards, and Hong Kong’s MiC standardisation
programme are all, in effect, platform-based approaches.

The platform approach also has direct applicability in the develop-
ing world. An African regional housing authority that develops a plat-
form of panelised components, designed for local materials, local man-
ufacturing capacity, and local assembly skills, can deploy it across an
entire district or province. The upfront investment in platform devel-
opment is significant, but it is a one-time investment that yields re-
turns across every subsequent project. This is how the housing deficit
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gets closed at scale: not by designing every home individually, but by
designing a system that produces homes.

<+

DfMA Across Climate Zones

The regional chapters of this book described housing challenges across
every climate zone on earth. DEMA must respond to each.

In hot arid climates, such as the Gulf States and North Africa, the
design priority is thermal mass, solar shading, and the integrity of the
cooling envelope. Factory-manufactured components offer superior
airtightness, which is critical where mechanical cooling must function
efficiently. Material selection must account for extreme UV exposure,
thermal cycling between day and night temperatures, and sand abra-
sion. Traditional regional architecture — thick masonry walls, internal
courtyards, mashrabiya screens — offers design intelligence that mod-
ern DIMA should incorporate rather than replace.

In hot humid climates, such as West Africa and South-East Asia, the
priorities shift to natural ventilation, moisture management, and resili-
ence to intense rainfall. Factory-manufactured panels with integrated
vapour barriers and ventilation openings perform better than site-as-
sembled alternatives where quality control of moisture-critical details
is difficult. Elevated designs that allow airflow beneath the building
and protect against flooding are a DfMA challenge that requires the
structural system to accommodate raised foundations.

In temperate climates, such as Western Europe and parts of North
America, the design priorities are thermal insulation, airtightness, and
energy efficiency to meet increasingly stringent net-zero standards.
Scandinavian timber-frame panelised systems demonstrate that fact-
ory production can consistently achieve the insulation values, airtight-
ness levels, and thermal bridge-free construction that passive house
standards require — performance levels that site construction achieves
only with exceptional care and supervision.

In cold climates, from northern Scandinavia to Canada to Russia,
the extreme cold imposes specific assembly constraints: materials must
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be handled at temperatures that make some adhesives and sealants
unusable, and assembly processes must account for frozen ground,
limited daylight, and the physical limitations of workers in heavy pro-
tective clothing. Designing components that can be connected using
mechanical fixings rather than wet trades is essential.

In seismic zones, from Japan through the Philippines to Turkey and
the Caribbean, DfMA must ensure that the connections between man-
ufactured components are designed to accommodate seismic move-
ment without failure. This is a specialist engineering discipline. Ja-
pan’s half-century of factory-built housing in one of the world’s most
seismically active countries demonstrates that it is entirely achievable,
but it requires specific expertise in connection design and testing.

<+

Design for Manufacture and Assembly is not a technical add-on to the
construction process. It is the fundamental shift in thinking that makes
modern construction methods work. Without it, you have components
that do not fit, assemblies that take longer than traditional methods,
and quality that fails to meet the promise. With it, you have a con-
struction system that delivers the speed, cost, and quality advantages
that the global housing crisis demands.

But DIMA must be adapted to context. The principles are universal.
The application is local. Designing for a high-tech Scandinavian fact-
ory is not the same as designing for a West African regional workshop.
Designing for transport on a Swedish motorway is not the same as
designing for transport on an unpaved track in rural India. Designing
for a trained Japanese factory workforce is not the same as designing
for community assembly in a Kenyan settlement upgrading pro-
gramme.

The designer who understands both the universal principles and
the local context is the designer who will produce housing that gets
built, that actually works, and that actually serves the people it was
designed for. That is the purpose of DIMA. That is the purpose of this
book.
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In the next chapter, we examine the structural systems — steel, tim-
ber, concrete, earth, and bamboo — that form the bones of every con-
struction method described, and how the choice of structural material
maps to the regions, climates, and economies of the world.

<+
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IN BRIEF

DfMA is not optional. It is the precondition for every form of modern
construction. Without DIMA thinking, you are doing traditional con-
struction with factory-made components and will not achieve the
promised benefits.

Six universal principles: Reduce components, design for repetition,
design for tolerance (especially at the factory-to-site interface), design
for transport, design for the assembly workforce, and design for the cli-
mate.

Two worlds of manufacturing: The high-tech factory and the regional
workshop are both valid manufacturing environments. DIMA must be
designed for the facility that exists, not the one the designer imagines.

Transport is a design constraint: In developed markets, transport is a
logistics exercise. In developing markets, it is a fundamental design de-
terminant. Components must fit the vehicles and routes that exist.

Design for the workforce you have: Visual instructions, self-aligning
connections, colour-coded components, and integrated training pro-
grammes enable assembly by workforces of any skill level and any lan-

guage.
Digital tools should enable, not exclude: BIM is the destination for

many markets, but mobile-based tools, open-source component librar-
ies, and accessible design platforms are the starting point.

Repetition is not monotony: Mass customisation allows individualised
homes from standardised components. The constraints of the system
are the framework within which architectural creativity operates most
productively.

Platform-based design: Designing a housing system rather than indi-
vidual houses is how the deficit gets closed at scale. Wales's pattern
book, Singapore’s HDB standards, and Hong Kong’s MiC programme
are all platform approaches.

MY PERSPECTIVE
Design for Manufacture and Assembly is a phrase I approach as a designer,
not an engineer, and that is the point of this chapter. DFMA is a design discip-
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line. It begins at the first sketch. I have seen too many projects where a beauti-
ful design was handed to a factory that could not make it, or to a transport
route that could not carry it, or to a workforce that had never seen a torque
wrench — and the result was blamed on the method rather than the design.

My own lesson came from working at both extremes. Designing for a Dubai
tower meant designing for cranes, precision and a supply chain that could
source anything. Designing for rural Rwanda meant designing for a pick-up
truck, a hand drill and whatever the local market sold that week. The prin-
ciples were identical; the answers were entirely different. That is what the
chapter means by context. A design that ignores where it will be made and
who will assemble it is not a design. It is a drawing.
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CHAPTER 13

Structural Systems
Choosing the Right Frame for the Region

There is no best structural material. There is only the
right one for the region.

8% 20-60% 5

of global CO, from cement  less global-warming structural families: steel,
potential for timber than timber, concrete, earth,
concrete bamboo

IN THIS CHAPTER

—Light Gauge Steel Framing: The Versatile Workhorse

—NMass Timber: The Carbon Case and the Cultural Shift
—Precast Concrete: The Developing World’s Default, Modernised
—Compressed Earth: Ancient Material, Modern Engineering
—Bamboo: The Fastest-Growing Structural Material on Earth
—Hybrid Systems: The Best of Each Material

—Foundation Strategies for Manufactured Buildings

—Structural Systems Compared

175



Structural Systems

Every building has bones. The structural system — the frame, the skel-
eton, the load-bearing elements that hold everything up and hold
everything together — is the most consequential decision a designer
or engineer makes. It determines the building’s weight, its cost, its car-
bon footprint, its fire performance, its seismic behaviour, its acoustic
properties, its thermal characteristics, its buildability, and its lifespan.
Get the structural system wrong and nothing else matters. Get it right
and everything else becomes easier.

For the global social housing challenge described in this book, the
choice of structural system is not merely a technical question. It is a
question that connects directly to regional context: which materials are
locally available, which can be manufactured or sourced at affordable
cost, which are appropriate to the climate and seismic conditions,
which can be assembled by the available workforce, and which meet
the regulatory and cultural expectations of the communities they will
serve.

This chapter examines five structural material families — steel, tim-
ber, concrete, earth, and bamboo — and maps each to the global re-
gions and contexts where it is most applicable. A recent landmark
study found that when steel, concrete, and timber are each designed
well and used to their strengths, they can achieve remarkably similar
costs and environmental performance. The choice, therefore, is not
about finding the universally superior material. It is about finding the
right material for the right place.

4

Light Gauge Steel Framing: The Versatile Workhorse

Light gauge steel framing uses cold-formed steel sections — typically
C-sections and U-sections formed from thin sheet steel — to create
walls, floors, and roof structures. The steel is galvanised for corrosion
resistance and can be roll-formed to precise dimensions with minimal
waste. It is the structural system used in most the world’s volumetric
modular buildings, and it is the backbone of prefabricated panel sys-
tems across Europe, Asia, the Middle East, and increasingly Africa.
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The advantages of light gauge steel for social housing are consider-
able. It is dimensionally precise, which is essential for factory produc-
tion and for achieving the tight tolerances that DIMA demands. It is
lightweight, which reduces foundation requirements and makes mod-
ules easier to transport and lift. It is non-combustible, which simplifies
fire strategy. It is impervious to termites and rot, which matters
enormously in tropical climates where biological degradation is a ma-
jor threat to building longevity. And it is one hundred per cent recyc-
lable, which gives it a circular economy advantage that concrete can-
not match.

In seismic zones, light gauge steel framing performs well because of
its inherent ductility — it flexes rather than fractures under lateral
loads. Japan’s major modular manufacturers use steel framing systems
extensively, and Japan’s seismic record provides definitive evidence of
the material’s performance under extreme conditions. The Philippines,
Indonesia, Turkey, and the Caribbean — all regions with significant
seismic or cyclonic risk — would benefit from wider adoption of steel-
framed systems.

The primary limitation is that steel production is energy-intensive
and carbon-heavy. The production of virgin steel generates significant
CO2 emissions. However, when recycled steel is used — and steel is
among the most recycled materials on earth — the embodied carbon
reduces dramatically. The development of low-carbon steel, such as
ArcelorMittal’s XCarb products made from recycled and renewably
produced processes, is closing the carbon gap between steel and tim-
ber. For social housing at global scale, the carbon equation must con-
sider not only the material’s production emissions, but its durability,
longevity, recyclability, and the emissions associated with replacement
or repair over a sixty-year building life.

For the developing world, light gauge steel framing has a particular
advantage: the sections can be manufactured in relatively simple roll-
forming facilities, which can be established at lower capital cost than
heavy steel mills or engineered timber factories. This makes it possible
to develop regional manufacturing capacity in Africa, South-East Asia,
and Latin America using imported coil steel and local roll-forming
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production. Several equipment manufacturers, notably in New Zeal-
and and Australia, provide turnkey roll-forming systems specifically
designed for this purpose.

+

Mass Timber: The Carbon Case and the Cultural Shift

Mass timber — a family of engineered wood products including cross-
laminated timber, glued laminated timber, nail-laminated timber, and
dowel-laminated timber — has emerged as the most significant struc-
tural innovation in construction this century. The global mass timber
market was valued at approximately 1 billion US dollars in 2024 and is
projected to reach 1.3 billion by 2030.

The carbon case for mass timber is compelling. While concrete and
steel are among the largest industrial sources of CO2 emissions, timber
is a carbon sink: a tree absorbs carbon dioxide as it grows, and that
carbon remains locked in the structural product for the life of the
building. Research has found that using mass timber as a structural
material can reduce the global warming potential by 20 to 60 per cent
compared with reinforced concrete, depending on the building type
and the boundary of the assessment. When the biogenic carbon stored
in the timber is counted, the advantage is even more dramatic.

Cross-laminated timber, the most widely used mass timber product
in construction, consists of layers of lumber boards stacked at right
angles and bonded with structural adhesive. The cross-lamination
gives the panels exceptional strength, stiffness, and dimensional stabil-
ity, with two-way spanning capability like a reinforced concrete slab.
CLT can be manufactured to extremely tight tolerances using CNC
cutting technology, making it ideally suited to DIMA and factory pro-
duction. Glued laminated timber, or glulam, is used for beams and
columns, offering strength-to-weight ratios that compete with steel.

Timber leads the UK prefabricated buildings market with 33 per
cent share, driven by government carbon-sequestration goals and the
Timber in Construction Roadmap. In Sweden, approximately 45 per
cent of new housing is factory-built, predominantly using timber-
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frame panelised systems. Stockholm’s Wood City, a major timber-mod-
ular development, serves as a model for European cities. In Germany,
26 per cent of new single and two-family homes were prefabricated in
2024, with timber as the dominant material.

The cultural shift required to accept mass timber in mid-rise and
high-rise construction is significant. Fire safety is the most cited con-
cern. Mass timber does not behave like dimensional lumber in a fire. It
chars at a predictable rate, forming an insulating layer that protects the
structural core. Modern fire engineering, encapsulation strategies, and
sprinkler systems have enabled mass timber buildings to meet the
same fire-resistance standards as concrete and steel structures. But the
perception gap remains, and overcoming it requires education,
demonstration projects, and regulatory frameworks that are based on
performance evidence rather than material prejudice.

For social housing, mass timber is most directly applicable in re-
gions with established forestry and manufacturing industries —
Scandinavia, Canada, the Pacific Northwest of the United States, parts
of Eastern Europe, and Oceania. Tropical hardwood and plantation
timber resources in Africa, South-East Asia, and Latin America offer
potential for developing mass timber manufacturing capacity, though
the supply chains, certification systems, and manufacturing expertise
need time to develop.

Precast Concrete: The Developing World’s Default,
Modernised

Reinforced concrete is the most widely used structural material in the
world. It is the default for housing construction across Africa, the
Middle East, South Asia, and large parts of Latin America and East
Asia. The reasons are straightforward: the raw materials — cement,
aggregate, sand, and water — are available almost everywhere. The
technology is understood globally. The workforce knows how to work
with it. And for many communities, a concrete building represents
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permanence, solidity, and progress in a way that other materials do
not.

The challenge with concrete in the context of global social housing
is threefold. First, cement production is responsible for approximately
8 per cent of global CO2 emissions. Second, cast-in-situ concrete con-
struction is slow, labour-intensive, and highly variable in quality.
Third, in the developing world, the cost of cement is often inflated by
import duties, transport costs, and supply chain inefficiencies, making
concrete housing significantly more expensive per square metre than it
needs to be.

Precast concrete addresses the second and third of these challenges
directly. When concrete elements — wall panels, floor slabs, stair
flights, beam-and-column frames — are manufactured in a controlled
environment, the quality is dramatically more consistent, the produc-
tion speed increases, the waste reduces, and the on-site assembly time
shrinks. Precast concrete panel systems are the structural backbone of
Singapore’s HDB programme, China’s mass housing delivery, and the
Soviet-era housing that still houses millions across Eastern Europe.

The carbon problem is being addressed through material innova-
tion. Low-carbon concrete mixes that use supplementary cementitious
materials — fly ash, ground granulated blast furnace slag, calcined
clay — can reduce the cement content and therefore the carbon intens-
ity of concrete by 30 to 50 per cent. The development of general-use
low-carbon concrete, now available from producers like Concrete
Ontario, demonstrates that lower-carbon concrete can achieve equival-
ent structural performance at competitive cost.

For social housing in the developing world, precast concrete retains
significant advantages. It uses locally available materials. It matches
the cultural expectations of the communities it serves. The manufac-
turing technology can be established at moderate capital cost. And the
durability of concrete in hot, humid, and insect-rich environments is
superior to untreated timber. The modernisation of concrete construc-
tion — through precasting, lower-carbon mixes, and integration with
modular systems — rather than its replacement, is the most realistic
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pathway to improving housing delivery in regions where concrete is
and will remain the dominant structural material.

<+

Compressed Earth: Ancient Material, Modern Engineering

Earth is the oldest building material on earth and the most abundant.
An estimated one-third of the world’s population lives in earthen
structures. Rammed earth, adobe, and cob construction traditions
span millennia and are found on every inhabited continent. Yet earth
construction has been marginalised in modern building practice, dis-
missed as primitive, impermanent, and structurally unreliable.

Compressed earth blocks change this equation. By stabilising loc-
ally sourced soil with a small percentage of Portland cement (typically
5 to 10 per cent) and compressing it in manual or motorised presses,
CEBs produce blocks that are significantly stronger, more dimension-
ally consistent, and more water-resistant than traditional sun-dried
bricks. The blocks can be produced on or near the building site using
locally available soil, creating employment and dramatically reducing
the need for imported materials and the transport costs associated
with them.

The thermal properties of compressed earth are outstanding for hot
climates. The high thermal mass of earth walls absorbs heat during the
day and releases it at night, moderating internal temperatures without
mechanical cooling. In the arid and semi-arid regions of Africa, the
Middle East, South Asia, and Latin America, where the housing deficit
is greatest and energy costs for cooling are a significant burden on
low-income households, this passive thermal performance is not a lux-
ury. It is a fundamental contribution to affordability.

The barriers to wider adoption of compressed earth construction
are primarily regulatory and perceptual. Building codes in many
countries do not recognise earth-based construction methods, requir-
ing builders to obtain special approvals that add cost and complexity.
Cultural perceptions in rapidly urbanising communities often associ-
ate earth construction with rural poverty rather than modern engin-
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eering. Overcoming both barriers requires demonstration projects,
code reform, and the kind of professional advocacy that has success-
fully promoted timber construction in Europe and North America over
the past two decades.

Organisations including UN-Habitat, the Centre for Appropriate
Technology, CRATerre in France, and the Auroville Earth Institute in
India have published extensive technical guidance on compressed
earth block production, testing, and construction. The engineering
knowledge exists. What is needed is the political and institutional
framework to deploy it at scale.

4

Bamboo: The Fastest-Growing Structural Material on Earth

Bamboo grows to harvestable maturity in three to five years, com-
pared with decades for structural timber and centuries for some hard-
woods. It has a tensile strength comparable to mild steel. It sequesters
carbon more rapidly than most tree species. And it grows abundantly
across the tropical belt — precisely the regions where the global hous-
ing deficit is most concentrated. If any natural material were designed
by nature to address the housing crisis in Africa, South Asia, and
South-East Asia, it would look like bamboo.

The challenge has always been transforming bamboo from a natural
culm — a hollow tube with variable dimensions and properties — into
an engineered structural product with consistent, predictable perform-
ance. That transformation is now underway. Laminated bamboo lum-
ber, produced by splitting, treating, and gluing bamboo strips into
beams, columns, and panels, achieves structural properties that are
comparable to softwood timber and can be manufactured to consistent
dimensions and quality standards.

The International Bamboo and Rattan Organisation has worked
with governments across Asia, Africa, and Latin America to develop
building codes and standards for bamboo construction. National
standards now exist in Colombia, Ecuador, India, and the Philippines,
among others. ISO 22156 provides an international standard for bam-

182



Structural Systems

boo structural design. The regulatory framework is developing,
though it remains incomplete in many of the countries where bam-
boo’s potential is greatest.

For social housing, bamboo’s advantages include extremely low
material cost, local availability in tropical regions, rapid renewability,
and the ability to be processed with relatively simple equipment. Its
limitations include susceptibility to insect attack and moisture damage
without proper treatment, the variability of natural culms, and the cul-
tural associations that in some markets link bamboo to temporary or
inferior construction. Treatment technologies — borax-boric acid im-
mersion, heat treatment, and resin impregnation — address the durab-
ility issue but add to production cost and complexity.

The most promising pathway for bamboo in global social housing is
as an engineered laminated product, manufactured in regional pro-
cessing facilities using sustainably harvested bamboo from managed
plantations, and used in panelised wall, floor, and roof systems that
can be assembled on site. This approach captures bamboo’s advant-
ages — local material, low carbon, rapid growth — while overcoming
its limitations through industrial processing and quality control.

<+

Hybrid Systems: The Best of Each Material

In practice, the most effective structural solutions for social housing of-
ten combine materials rather than relying on one. Hybrid systems use
each material where it performs best: steel for connections and ele-
ments requiring high strength-to-weight ratio; timber for walls and
floors where carbon performance and thermal properties are priorit-
ies; concrete for foundations and cores where thermal mass, fire resist-
ance, and ground-contact durability are essential; earth for walls
where passive thermal performance and local material use are the
primary objectives.

A recent landmark Canadian study comparing steel, concrete, and
mass timber found that when each material was designed to its
strengths, the costs were remarkably similar: steel at 3.1 million dol-
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lars, concrete at 3.1 million, and timber at 3.0 million for equivalent
buildings. The environmental performance was also close, though tim-
ber had a slight carbon advantage. The study’s most important conclu-
sion was not that one material was superior but that good design with
any material can meet sustainability targets. The material matters less
than the competence with which it is deployed.

For social housing globally, hybrid systems offer the pragmatic ad-
vantage of using whatever materials are most readily available, most
affordable, and most appropriate to each element of the building. A
house in coastal Kenya might use a concrete ground-floor slab for
flood resilience, compressed earth block walls for thermal mass and
local material use, and a lightweight steel-framed roof for cyclone res-
istance. A mid-rise apartment in Eastern Europe might use a concrete
core for fire and structural stability, CLT floor panels for carbon per-
formance and speed of installation, and a steel secondary frame for
flexibility. The designer’s job is not to be loyal to a material. It is to be
loyal to the performance requirements of the building and the context
in which it will stand.

Foundation Strategies for Manufactured Buildings

The interface between a manufactured building and the ground it sits
on is one of the most critical — and most frequently underestimated
— details in modern construction. Factory-produced modules and
panels are manufactured to millimetre precision. Foundations, by their
nature, are site-specific and subject to the variability of ground condi-
tions, surveying accuracy, and site workmanship. Managing this inter-
face is the single most common source of difficulty in modular and
panelised construction projects.

For volumetric modular buildings, the foundation must be level, di-
mensionally accurate, and structurally capable of receiving the con-
centrated loads from the modules. Strip foundations, pad foundations,
and pile-and-beam systems are all used depending on ground condi-
tions. The critical dimension is the tolerance: the foundation must be
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constructed within the adjustment range that the module’s levelling
system can accommodate. Best practice is to survey the completed
foundation against the digital model and confirm compliance before
modules are delivered.

For panelised and lightweight systems, the foundation require-
ments are generally less demanding because the loads are more dis-
tributed. Screw pile foundations — steel helical piles driven into the
ground mechanically — are gaining popularity for lightweight modu-
lar buildings because they require no excavation, no concrete, and no
curing time. They can be installed in a matter of hours, can be re-
moved and reused if the building is relocated, and work in a wide
range of soil conditions. For relocatable and temporary housing, as
discussed on the Pacific Islands and post-conflict contexts, screw piles
offer a foundation solution that is consistent with the circular economy
potential of modular construction.

In the developing world, where geotechnical surveys may be lim-
ited and ground conditions are often poorly documented, foundation
design must be more conservative and more adaptable. Oversized
bearing surfaces, adjustable base plates, and the capacity to shim and
level during installation are essential design features. The foundation
is where factory precision meets site reality, and the design must ac-
commodate that reality generously.

‘

Structural Systems Compared

Material Carbon Seismic Fire Cost Best Regional
Fit

Light High (virgin); low Excellent  Non-com- Moderate  Universal; seis-

Gauge if recycled — ductile  bustible mic zones; trop-

Steel ics (termite-
proof)

Mass Tim-  Carbon-negative Good with  Chars pre- Competit-  Scandinavia, N.

ber (CLT/ (sequesters proper dictably; en- ive America,

Glulam) CO02) design capsulation Oceania; emer-

needed ging tropics
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Material Carbon Seismic Fire Cost Best Regional
Fit
Precast High (8% of Good for Excellent Variable; Universal de-
Concrete global CO2); im-  low/mid- often high  fault; S/E Asia,
proving with low- rise in develop- MENA, Africa,
carbon mixes ing world Latin America
Com- Very low Limitedto  Non-com- Very low Africa, S. Asia,
pressed low-rise bustible MENA — hot
Earth arid/semi-arid
climates
Engin- Very low; rapid Good Requires Low Tropical belt:
eered sequestration lightweight treatment Africa, S/SE
Bamboo perform- Asia, Latin
ance America
Hybrid Depends on ma- Optimised Optimised Optimised  Universal —
terial mix per ele- per element uses each ma-
ment terial at its best
*

The choice of structural system for social housing is not an abstract en-
gineering exercise. It is a decision with direct consequences for cost,
carbon, resilience, buildability, and the lived experience of the people
who will call the building home. A steel-framed modular dormitory in
the Gulf serves a different purpose from a CLT apartment block in
Helsinki, which serves a different purpose from a compressed earth
block house in rural Ghana, which serves a different purpose from a
bamboo-framed panel house in the Philippines.

All of them are valid. All of them can meet the universal definition
of social housing proposed in Chapter 2: permanently affordable, pub-
licly accountable, dignified, safe, and stable. The material is not what
makes a building social housing. The commitment behind it is. The
material is simply how that commitment is given physical form.

When each material is designed to its strengths, the costs are com-
parable and the environmental performance converges. The choice,
therefore, should be driven by what is locally available, what is cultur-
ally accepted, what the climate demands, what the seismic conditions
require, and what the available workforce can build. The designer who
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makes this choice well is the designer who delivers housing that
works. The designer who makes it on ideological grounds — choosing
timber because it is fashionable, or concrete because it is familiar, re-
gardless of context — is the designer who delivers a building that fails
to serve its community as well as it should.

In the next chapter, we turn from structure to performance: how
buildings across the global climate spectrum deliver the energy, ventil-
ation, water, and service systems that transform a structural frame into
a liveable home.
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IN BRIEF

Light gauge steel: Dimensionally precise, lightweight, non-combust-
ible, termite-proof, 100% recyclable. Excellent seismic performance.
Carbon-intensive in production but improving through recycled con-
tent. Universal applicability; particularly suited to tropical, seismic, and
cyclonic regions.

Mass timber (CLT/Glulam): Carbon-negative, structurally competit-
ive, ideal for factory production. 33% UK prefab market share. Timber
reduces global warming potential by 20-60% vs. concrete. Best suited to
regions with forestry and manufacturing capacity. Cultural acceptance
and fire safety require education and demonstration.

Precast concrete: Global default, locally available materials, understood
by global workforce. 8% of CO2 emissions from cement production.
Modernisation through pre-casting and low-carbon mixes is the realist-
ic pathway in regions where concrete dominates.

Compressed earth: Outstanding thermal mass for hot climates, very
low cost, local material. Regulatory and cultural barriers are the
primary obstacles. Proven technology needing institutional and politic-
al support to achieve scale.

Engineered bamboo: Fastest-growing structural material on earth.
Tensile strength comparable to steel. Grows in the tropical belt where
housing need is greatest. Supply chain and code recognition develop-
ing.

Hybrid systems: Use each material where it performs best. A recent
study found steel, concrete, and timber achieve near-identical costs and
sustainability when designed well. The material matters less than the
competence of the design.

Foundations: The factory-to-site interface is the most critical detail. Tol-
erance management, screw pile systems for lightweight/relocatable
buildings, and conservative design for variable ground conditions in
developing markets are essential.

MY PERSPECTIVE
I am not a structural engineer, and I have never pretended to be. But I have
spent forty years alongside engineers, and the thing they have taught me is
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that the material matters far less than the competence of the people choosing
it. I have seen concrete used brilliantly and abysmally, timber that will outlast
its occupants and timber that rotted in a decade, steel that flexed through an
earthquake and steel that rusted through in a coastal climate because nobody
thought about the salt.

The framework in this chapter — match the structural system to the climate,
the seismic risk, the local materials and the local skills — sounds obvious. It is
honoured far less often than it should be, usually because a system has been
chosen before the site. In Rwanda light-gauge steel and earth made sense to-
gether; in the Gulf a sealed concrete envelope makes sense; in a typhoon belt
something light, ductile and anchored makes sense. There is no best frame.
There is only the right frame for the region, and an honest engineer will tell
you which one that is.

I should add one thing this chapter has not said. There are many other struc-
tural systems in use around the world, proven in earthquake, fire and storm,
that I have not described here. This book is long enough as it is, and I have
kept to the families that matter most for social housing at scale. The principles
hold for all of them: the theme and the messages of this book matter more than
any single construction method.
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CHAPTER 114

Energy, Services and Building
Performance Across Climates

A home that is cheap to build and expensive to run is
not affordable.

80-90% 10 months 1

heat recovered by MVHR of the year Dubai homes rule that holds
in cold climates need cooling everywhere: fabric first
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A home in Helsinki needs heating for eight months of the year. A
home in Dubai needs cooling for ten. A home in Dhaka needs flood re-
silience and natural ventilation. A home in Kibera needs clean water.
A home in rural Mozambique may need to generate its own electricity
because the grid does not reach it. And in every case, the energy and
services strategy — the heating, cooling, ventilation, water supply,
sanitation, and electrical systems — is what transforms a structural
frame into a place where human beings can live.

This is the chapter that many construction professionals skip, be-
cause services are less glamorous than structure and less visible than
architecture. That is a mistake. In social housing, where the occupants
are on limited incomes, the running cost of a home is as important as
the construction cost. A home that is cheap to build but expensive to
heat, cool, or provide with water is not affordable housing. It is a cost
trap. And in much of the developing world, where the provision of ba-
sic services — clean water, sanitation, electricity — cannot be as-
sumed, the services strategy is not an addition to the housing design.
It is the design.

This chapter examines how building performance must flex across
the world’s climate zones, how modern construction methods offer
specific advantages in delivering high-performance envelopes and in-
tegrated services, and how to approach energy and services design in
contexts that range from Scandinavian passive houses to off-grid com-
munities in Sub-Saharan Africa.

4

The Fabric-First Principle: Universal, But Differently Applied

The most important principle in building energy performance is also
the simplest: reduce the demand before providing the supply. A well-
insulated, well-sealed building envelope requires less energy to heat
or cool than a poorly insulated one. This is as true in Riyadh as it is in
Reykjavik, though the physics work differently.

In cold and temperate climates, the fabric-first approach focuses on
minimising heat loss. High levels of insulation in walls, roofs, and
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floors; thermally broken windows and doors; airtight construction that
prevents warm air leaking out; and controlled ventilation that recovers
heat from exhaust air before it is expelled. The Passive House stand-
ard, which originated in Germany and has been adapted for North
American climates through the Phius (Passive house standard) stand-
ard, demonstrates that energy demand for heating and cooling can be
reduced by 70 to 90 per cent through envelope design alone, without
any renewable energy generation. The building becomes a thermos
rather than a kettle — it holds its temperature with minimal input.

Factory-manufactured panels and modules are extraordinarily well-
suited to achieving these performance levels. Insulation can be in-
stalled in controlled conditions to exact specifications. Airtightness
membranes can be sealed with a precision that site construction rarely
achieves. Thermal bridges — the cold spots where structural elements
penetrate the insulation layer — can be engineered out at the design
stage rather than discovered and remedied after the building is com-
plete. Scandinavian panelised housing systems routinely achieve air-
tightness levels below 1.0 air changes per hour at 50 Pascals, which is
the threshold for Passive House certification. Achieving the same level
on a traditional construction site requires exceptional care and super-
vision.

In hot climates, the fabric-first principle reverses: the goal is to pre-
vent heat from entering the building rather than to prevent it from
leaving. High thermal mass walls that absorb heat during the day and
release it at night. Reflective roofing and wall surfaces that reject solar
radiation. Deep overhangs and shading devices that prevent direct
sunlight from reaching windows and walls during peak heat hours.
Insulation that keeps external heat out as effectively as it keeps intern-
al heat in. And in hot-humid climates, the additional challenge of
managing moisture — preventing condensation within the building
envelope when the temperature difference between inside and outside
is significant.

The traditional architecture of hot-climate regions — the courtyard
houses of the Middle East, the mashrabiya screens of Egypt, the wind
towers of the Gulf, the veranda houses of tropical Asia, the thick-
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walled adobe of North Africa — embodies centuries of accumulated
knowledge about passive cooling and natural ventilation. Modern con-
struction methods should learn from this tradition, not ignore it. A
factory-manufactured panel that incorporates the thermal mass prin-
ciples of traditional adobe and the precision sealing of Scandinavian
practice would combine the best of both worlds.

+

Ventilation: The Strategy That Changes With Every Climate

Ventilation is the building service that varies most dramatically across
climate zones, and it is the one most frequently misunderstood when
construction methods are transferred from one region to another.

In cold and temperate climates, the goal is to provide fresh air
without losing heat. Mechanical ventilation with heat recovery —
MVHR — is the standard solution. An MVHR unit continuously ex-
tracts stale air from kitchens and bathrooms and replaces it with
filtered outdoor air, passing both streams through a heat exchanger
that recovers 80 to 90 per cent of the heat from the outgoing air and
transfers it to the incoming air. This provides constant fresh air, excel-
lent indoor air quality, and minimal heat loss. MVHR 1is a core com-
ponent of every Passive House and is increasingly standard in well-in-
sulated social housing across Northern Europe and Canada.

In hot-dry climates, natural ventilation may be impossible during
the hottest months because the outdoor air itself is hotter than the de-
sired indoor temperature. Mechanical cooling is not a luxury in a Gulf
summer. It is a necessity for human survival. In these contexts, the
building envelope must be sealed and insulated to maintain the cooled
air inside, and ventilation must be mechanically controlled. The air-
tightness that factory manufacturing delivers is therefore not just an
energy efficiency measure. It is the precondition for habitable indoor
temperatures.

In hot-humid climates, natural ventilation is the primary strategy
for much of the year. Cross-ventilation — allowing air to flow through
the building from one side to the other — requires openings on oppos-
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ite walls, a clear internal airflow path, and appropriate orientation to
the prevailing wind. Stack ventilation — using the natural tendency of
hot air to rise — requires high internal spaces or dedicated ventilation
stacks. Ceiling fans supplement natural airflow. The design of window
openings, their size, position, and operability, is as important in a trop-
ical house as the insulation thickness is in a northern European one.

For factory-manufactured housing, the ventilation strategy must be
designed into the product from the outset. A panelised system de-
signed for Scandinavian MVHR cannot simply be shipped to West
Africa and expected to work. The panel dimensions may be the same,
but the ventilation openings, the internal airflow paths, and the ab-
sence of a heat recovery unit fundamentally change the building’s per-
formance. This is the kind of context-specific design adaptation dis-
cussed in Chapter 12. The structural system may be universal. The
ventilation system is always local.

Water and Sanitation: Where Nothing Can Be Assumed

In the developed world, water and sanitation are invisible services.
You turn a tap and clean water flows. You flush a toilet and waste is
carried away. These systems are so reliable and so ubiquitous that de-
signers barely think about them.

In much of the developing world, they are the most critical services
that a home can provide. The provision of clean water and basic sanit-
ation is, by any measure, the intervention that has the greatest impact
on human health, child mortality, and quality of life. A home with safe
water and a functioning toilet is not just more comfortable than one
without. It is fundamentally healthier, safer, and more dignified.

For social housing programmes in Africa, South Asia, and other re-
gions where piped water and mains sewerage cannot be assumed, the
services design must address water supply, storage, treatment, distri-
bution, wastewater collection, and disposal as integral parts of the
housing design, not as external infrastructure that someone else will
provide. Rainwater harvesting systems, rooftop collection, storage
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tanks, gravity-fed distribution, solar-powered pumping, composting
toilets, constructed wetlands, and small-bore sewer systems are all
proven technologies that can be integrated into manufactured housing
designs.

Pod-based bathroom and sanitation modules, manufactured in a
factory with all plumbing, drainage, and waterproofing installed and
tested before delivery, offer advantages in this context. A bathroom
pod that arrives on site with its own water storage, gravity-fed plumb-
ing, and self-contained wastewater management reduces the depend-
ence on external infrastructure that may not exist. This is not a com-
promise solution. It is a design solution that matches the reality of the
context.

Water efficiency is a universal concern but an existential one in wa-
ter-scarce regions. Low-flow fixtures, dual-flush toilets, grey water re-
cycling for toilet flushing and irrigation, and drought-resistant land-
scaping are not optional extras in arid regions. They are fundamental
requirements. A social housing development in the Gulf or North
Africa that does not incorporate water efficiency is a development that
will become unaffordable as water scarcity intensifies.

<+

Energy Generation: From Grid-Connected to Off-Grid

The energy landscape for social housing spans the full range from
grid-connected urban apartments in developed countries to com-
pletely off-grid homes in remote communities that may never be
reached by centralised electricity infrastructure.

In grid-connected contexts, the strategy is increasingly straightfor-
ward: reduce demand through the fabric-first approach; electrify heat-
ing, cooling, and cooking using heat pumps, induction cooktops, and
efficient appliances; and generate renewable energy on site using
photovoltaic panels, ideally paired with battery storage to maximise
self-consumption and provide resilience during grid outages. Califor-
nia’s 2025 Energy Code, which expands the use of heat pumps in new
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residential buildings and encourages electric readiness, represents the
direction of travel for developed-world building regulations globally.

Solar photovoltaic panels are particularly well-suited to factory-
manufactured housing because they can be integrated into the roof or
wall system during manufacturing, with wiring pre-installed and
tested, rather than being added as a separate trade on site. A panelised
roof section with pre-integrated PV and pre-wired connections can be
lifted into place and connected in hours rather than the days required
for a traditional site-installed solar system.

In off-grid contexts, the energy strategy must be self-contained. Sol-
ar panels with battery storage can provide sufficient electricity for
lighting, phone charging, basic appliances, and water pumping in a
typical developing-world household. A 500-watt solar system with a
lithium-ion battery pack can transform the daily life of a family that
previously had no electricity — providing light for children to study
after dark, power for a phone to access mobile banking and informa-
tion, and energy for a small fan or water pump. The cost of such sys-
tems has fallen dramatically over the past decade and continues to fall.

Micro-grid and mini-grid systems, where a cluster of homes shares
a solar array and battery bank, offer economies of scale and improved
reliability compared with individual household systems. For social
housing developments in remote areas, a micro-grid designed and in-
stalled as part of the housing delivery — rather than as a separate in-
frastructure project — ensures that homes are liveable from the day
they are occupied.

The Factory Advantage: Pod Bathrooms, Pod Kitchens, and
Pre-Assembled Services

As discussed in Chapter 11, bathroom and kitchen pods are perhaps
the most impactful and universally applicable form of modern con-
struction. Their relevance to building performance and services integ-
ration deserves emphasis here.
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A bathroom pod manufactured in a factory arrives on site with
every pipe joint pressure-tested, every drain properly graded, every
waterproof membrane sealed, every electrical connection certified, and
every fixture installed. The quality control is inherent in the manufac-
turing process. Contrast this with a traditional site-built bathroom,
where the waterproofing is applied by one tradesperson, the plumb-
ing by another, the tiling by a third, and the electrical by a fourth, over
a period of weeks, with each trade dependent on the preceding one
having done their work correctly. The factory-made pod eliminates the
interfaces between trades, eliminates the weather dependency, and
eliminates the quality variation that is the root cause of most bath-
room defects.

For social housing, where bathroom leaks and plumbing failures
are among the most common and most damaging defects, the quality
improvement from pod construction is not marginal. It is transformat-
ive. Housing associations in the UK that have adopted bathroom pods
report dramatically reduced defect rates, reduced maintenance costs,
and improved tenant satisfaction. These benefits are equally applicable
in any country, at any income level, and with any structural system.

Pre-assembled MEP modules — service risers, distribution boards,
ventilation units, and plant room components manufactured and
tested in a factory — extend the same principle to the building’s ser-
vices infrastructure. In multi-storey social housing, the service riser is
one of the most complex elements to coordinate and install on site. A
factory-manufactured service riser, delivered as a complete unit and
dropped into position by crane, can save weeks of on-site work and
eliminate the coordination failures that frequently cause delays and
defects.
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Building Performance by Climate Zone

Cli- Primary Chal- Envelope Priority Ventilation Energy Strategy

mate lenge

Cold / Heat retention,  High insulation, MVHR (80-90% Heat pumps, PV +

Tem- cold bridging, airtightness, heat recovery) battery, Passive

perate  condensation  thermal-bridge-free House achievable

Hot Arid  Solar gain, ex- Thermal mass, re- Mechanical cooling Solar PV excellent
treme heat, flective surfaces, essential in peak resource; water effi-
water scarcity  deep shading, months; night vent-  ciency critical

sealed envelope ilation

Hot Hu- Moisture, Vapour barriers, el- Cross-ventilation Solar PV; flood-resi-

mid mould, over- evated construc- and stack ventila- lient systems; rain-
heating, flood-  tion, reflective roof  tion primary; fans water harvesting
ing supplemental

Seis- Structural resi-  Lightweight, ductile System must sur- Resilient systems

mic lience under systems; flexible vive seismic events with manual over-
lateral loads connections intact ride capability

Off- No mains wa-  Self-contained wa-  Natural ventilation;  Solar + battery mi-

Grid / ter, electricity,  ter, waste, and en-  no grid-powered cro-grid; rainwater

Re- or sewerage ergy systems systems harvest; compost-

mote ing sanitation

4

Energy Performance as an Affordability Issue

In social housing, energy performance is not primarily an environ-
mental issue. It is an affordability issue. A home that costs 30 per cent
less to build but 50 per cent more to heat or cool has not saved the oc-
cupant money. It has transferred the cost from the construction budget
to the energy bill — a budget that the occupant, by definition, can least
afford to absorb.

The concept of whole-life cost — the total cost of a building over its
entire life, including construction, maintenance, energy, water, and
eventual disposal — is well-established in construction economics but
rarely applied to social housing procurement. Most social housing is
procured based on capital cost: the cheapest building that meets the
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minimum specification wins the contract. This incentivises low up-
front cost at the expense of high running cost, which is precisely the
wrong trade-off for occupants on low incomes.

A DfMA research project at Birmingham City University demon-
strated that a well-designed, factory-manufactured, lightweight steel-
framed social home could achieve a 10 per cent reduction in build cost,
a 50 per cent reduction in design and construction time, a 30 per cent
reduction in household energy consumption, and a 50 per cent reduc-
tion in carbon intensity. These are not theoretical projections. They are
measured performance from a prototype that was built and tested.
The key was that the design integrated energy performance from the
outset — the insulation, the airtightness, the services, and the renew-
able energy generation were all part of the manufactured product, not
afterthoughts added on site.

For the developing world, the affordability equation is even more
stark. A home with no electricity costs nothing to run, but it provides
none of the services — lighting, communication, food storage, water
pumping — that enable its occupants to participate in the modern eco-
nomy. A home with an integrated solar system and efficient appli-
ances has a higher construction cost but provides the services that en-
able economic participation, education, and health. The additional
construction cost is an investment, not an expense.

‘

Smart Home Readiness: Designing for the Future, Not Just
the Present

The digital infrastructure of a home — broadband connectivity, smart
metering, home energy management systems, and IoI-ready wiring —
may seem irrelevant to social housing in the developing world. It is
not.

Mobile phone penetration in Sub-Saharan Africa exceeds 80 per
cent. Mobile banking, telemedicine, distance education, and e-com-
merce are already part of daily life for hundreds of millions of people
who have never had a fixed-line telephone, a bank account, or a library
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card. A home that does not provide the electrical infrastructure for
phone charging, internet connectivity, and basic digital services is a
home that limits its occupants’ participation in the digital economy.

In developed markets, smart home readiness means designing con-
duit routes, data cables, smart meters, and control systems into the
factory-manufactured product rather than retrofitting them later. It
means ensuring that the home can accommodate future technologies
— electric vehicle charging, battery storage, demand-response heating
— without structural modification. A panelised wall system with in-
tegrated conduit for future wiring costs negligibly more to manufac-
ture than one without but saves significantly if the wiring is ever
needed.

In developing markets, smart home readiness may be as simple as
ensuring that every room has a power outlet, that the wiring supports
a modest solar system with battery storage, and that there is a location
for a wireless router. These are minimal interventions in manufactur-
ing terms but meaningful ones in the daily lives of the occupants.

4

The services and energy strategy of a social home is what makes the
difference between a building and a liveable home. Structure provides
safety. Services provide life. Heating, cooling, ventilation, clean water,
sanitation, electricity, and digital connectivity are not luxuries to be
added when the budget permits. They are the services that the univer-
sal definition of social housing — dignified, safe, and stable — de-
mands.

Modern construction methods offer specific and measurable ad-
vantages in delivering these services: factory-controlled airtightness
for energy performance, pre-tested plumbing in pod bathrooms for
quality assurance, integrated solar panels for energy generation, and
pre-wired conduits for digital readiness. These advantages are not the-
oretical. They are demonstrated in practice, from Passive House social
housing in Helsinki to solar-powered modular homes in rural Kenya.

The challenge, as with every chapter in this book, is matching the
strategy to the context. A MVHR system belongs in Scandinavia, not in
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Lagos. A composting toilet is appropriate in a remote African village,
not in a Hong Kong tower. Natural cross-ventilation is the right
strategy in tropical Manila but lethal in a Riyadh summer. The prin-
ciples are universal: reduce demand, provide supply efficiently, use re-
newable resources where possible, and design for the whole-life cost
rather than just the construction cost. The application is always, al-
ways local.

We have now examined the spectrum of construction methods, the
principles of DEMA adapted for global contexts, the structural systems
mapped to regions, and the energy and services strategies that bring
buildings to life. One question remains before Part C is complete, and
it is the one that every housing minister eventually asks: where do the
factories come from?
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IN BRIEF

Fabric first: Reduce energy demand before providing supply. Applies
in all climates: insulate to retain heat in cold climates; insulate, shade,
and reflect to reject heat in hot climates. Factory manufacturing delivers
superior airtightness and insulation quality.

Ventilation varies: MVHR in cold/temperate (80-90% heat recovery).
Mechanical cooling essential in hot arid. Natural cross-ventilation
primary in hot humid. The ventilation system is always local, even
when the structural system is universal.

Water and sanitation: Cannot be assumed in much of the developing
world. Rainwater harvesting, solar-powered pumping, composting san-
itation, and pod-based bathroom modules with self-contained systems
are all proven solutions.

Energy generation: Grid-connected: PV + battery + heat pumps. Off-
grid: solar micro-grids, integrated into housing delivery. Factory-integ-
rated PV panels eliminate a separate trade and accelerate installation.

Pods and pre-assembled services: Bathroom pods eliminate the trade
interfaces that cause most defects. Pre-assembled service risers save
weeks and eliminate coordination failures. The quality improvement is
transformative, not marginal.

Energy is an affordability issue: Whole-life cost, not just capital cost,
determines whether social housing is truly affordable. A cheap build-
ing with high running costs is a cost trap for low-income occupants.

Smart readiness: Conduits, outlets, and connectivity infrastructure cost
almost nothing to include in manufacturing but save significantly if
ever needed. In the developing world, phone charging and internet ac-
cess are economic participation tools, not luxuries.

MY PERSPECTIVE

Nowhere has taught me more about building performance than the Gulf. A
home that is cheap to build and expensive to run is not affordable, whatever
the sale price says. I have seen villas where the cooling costs rivalled the rent,
and workers” rooms where the only relief from fifty-degree heat was an electri-
city supply that failed in the afternoon. Fabric first — insulate, seal, shade,
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ventilate — is not a Northern European luxury. It is the difference between a
home that can be lived in and one that cannot.

What the chapter argues, and what I have come to believe, is that factories are
better at this than sites. A wall panel sealed in controlled conditions performs
as designed; a wall built in a sandstorm does not. A bathroom pod tested be-
fore it leaves the factory does not leak. Energy performance is the quiet, un-
glamorous half of affordability, and it is the half that modern methods deliver
most reliably. Which raises the question the next part of the book must an-
swer: how do you pay for it?
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CHAPTER 15

Manufacturing for the World

Building the Global Supply Chain

The world does not need a few showcase factories. It
needs thousands of workshops.

$20-50m months 85%

to build a high-automation to establish a roll-forming of manufacturers
factory panel line regionalising supply by
2026
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If the global housing crisis is to be resolved through modern construc-
tion methods, the world needs factories. Not a few showcase facilities
in wealthy countries, but a distributed network of manufacturing ca-
pacity spanning every continent, calibrated to local materials, local
skills, and local demand. The previous chapters have established what
needs to be built, how it should be designed, how it can be financed,
and what institutional frameworks must support it. This chapter ad-
dresses the industrial question that sits behind all of them: how do
you build the supply chain that produces the homes?

The global modular construction market was valued at approxim-
ately 102 billion US dollars in 2024 and is projected to reach 149 billion
by 2029, growing at over 8 per cent annually. But this growth is un-
evenly distributed, concentrated in the developed economies of North
America, Europe, and the Asia-Pacific. Sub-Saharan Africa, South
Asia, Latin America, and the Pacific Islands — the regions where the
housing deficit is greatest — have negligible factory-based housing
production capacity. Closing the housing gap requires closing the
manufacturing gap. And closing the manufacturing gap requires a
strategy that is global in ambition but regional in execution.

<+

Two Factory Models: High-Automation and Labour-Intensive

Chapter 12 described two worlds of manufacturing: the high-tech fact-
ory and the regional workshop. This distinction is the foundation of
the global manufacturing strategy.

The high-automation factory is the model exemplified by Japan’s
housebuilding factories, Sweden’s timber-volumetric plants, and the
growing number of volumetric manufacturers across Europe, North
America, and East Asia. These facilities feature production lines, ro-
botic cutting and welding, automated material handling, digital qual-
ity control, and workforces trained in manufacturing processes rather
than traditional construction trades. They produce at high volume, at
high precision, and at high capital cost. A modern volumetric modular
factory requires an investment of 20 to 50 million pounds or more, de-
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pending on capacity and automation level. It needs a guaranteed
pipeline of thousands of units per year to achieve economic viability.
And it needs a workforce with skills closer to automotive manufactur-
ing than to traditional house building.

The labour-intensive workshop is the model appropriate for much
of the developing world, where capital is scarce, labour is abundant,
and the housing products required are simpler. A panelised manufac-
turing workshop can be established in a repurposed warehouse or a
purpose-built shed for a fraction of the cost of a high-automation fact-
ory. It uses basic power tools, manual or motorised cutting and press-
ing equipment, and a workforce trained in the specific assembly pro-
cesses required for the product. It produces panelised walls, floor sec-
tions, roof cassettes, compressed earth blocks, or pre-assembled bath-
room and kitchen modules at volumes appropriate to the regional
market.

Both models are valid. Both are necessary. The high-automation
factory serves the high-volume, high-precision demands of developed-
market social housing programmes. The regional workshop serves the
distributed, lower-volume, context-specific demands of developing-
world housing delivery. A global manufacturing strategy must accom-
modate both, and it must recognise that the pathway from workshop
to factory is a developmental journey that each region will travel at its
own pace.

Regional Manufacturing Hubs: Where to Build

The question of where to locate housing manufacturing capacity is de-
termined by three factors: proximity to demand, access to materials
and labour, and the enabling environment of government policy, infra-
structure, and institutional support.

East Asia is already the world’s most mature manufacturing region
for construction. China’s Pearl River Delta and Yangtze River Delta are
the production base for Hong Kong’s MiC programme and a growing
export market. Japan’s factory-built housing industry, led by a handful
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of very large housebuilders, produces tens of thousands of homes an-
nually. South Korea’s steel and electronics manufacturing base posi-
tions it for advanced modular production. These hubs have the work-
force, the supply chains, and the institutional infrastructure to manu-
facture at scale. The opportunity is to extend their reach into South-
East Asia, supplying modular and panelised systems to the Philip-
pines, Indonesia, Vietnam, and other markets where housing demand
vastly exceeds local manufacturing capacity.

Turkey and the Middle East represent a rapidly developing manu-
facturing hub for the broader MENA region. Turkey’s construction
manufacturing sector, led by companies like Dorce Prefabricated, is
already exporting modular buildings across the Middle East, Africa,
and Central Asia. Saudi Arabia’s Vision 2030 is investing in domestic
manufacturing capacity, including a reported 181 billion dollars in
construction activity by 2028. The Gulf States have the capital, the in-
frastructure, and the strategic motivation to develop manufacturing
capacity that can serve the entire MENA region and parts of East
Africa.

Sub-Saharan Africa has the greatest need and the least manufac-
turing capacity. The strategy here is not to import factories wholesale
but to develop regional workshops that use locally available materials
— steel coil for light gauge framing, local soil for compressed earth
blocks, plantation timber for panelised systems, bamboo where avail-
able — and gradually build capacity, skills, and volume over time. Ni-
geria, Kenya, South Africa, Ethiopia, and Rwanda all have the eco-
nomic scale and government commitment to serve as regional manu-
facturing anchors. Roll-forming equipment for light gauge steel, im-
ported as turnkey systems, can establish a panelised production line
within months.

Latin America has established construction manufacturing in Mex-
ico and Brazil, with growing capacity in Colombia and Chile. Mexico’s
proximity to the US market and its competitive labour costs position it
as a natural manufacturing base for North American modular hous-
ing. Brazil’s domestic market of 6 million units of deficit provides the
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demand. Colombia’s engineered bamboo industry and Chile’s timber
resources offer material advantages for regionally specific products.

Europe has mature manufacturing in Scandinavia, Germany, Po-
land, and the Baltic States, with growing capacity in Ireland, the UK,
and Southern Europe. The EU’s Digital Product Passports initiative,
discussed in Chapter 10, could eventually enable cross-border deploy-
ment of factory-manufactured components, unlocking a continent-
wide market for manufacturers who currently serve only their nation-
al markets.

Local Content Requirements: Manufacturing as Economic
Development

A critical dimension of the global manufacturing strategy is local con-
tent. Many governments, particularly in the developing world, require
that a minimum proportion of the value of construction projects is
sourced from local suppliers and local labour. These requirements ex-
ist for good reason: they ensure that housing investment creates local
employment, develops local skills, and builds local economic capacity
rather than simply transferring wealth to foreign manufacturers.

For modern construction, local content requirements create both a
challenge and an opportunity. The challenge is that a fully factory-
built volumetric module, manufactured in China and shipped to
Kenya, may contain almost no Kenyan content. The opportunity is that
modern construction, particularly panelised systems and sub-assem-
blies, can be designed to maximise local content while maintaining the
quality and speed advantages of factory-based production.

A panelised wall system, for example, might use imported steel coil
(because the coil is not manufactured locally) but roll-form it locally
(creating manufacturing jobs), insulate it with locally produced ma-
terials (creating supply chain value), and assemble it on site using a
locally trained workforce (creating construction employment). The
factory content is imported. The assembly content is local. The value
created is shared.
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The most successful international construction programmes are
those that design their manufacturing strategy around local content
from the outset. They do not ask: how do we import our product?
They ask: how do we manufacture our product locally, using local ma-
terials and local labour wherever possible, while maintaining the qual-
ity standards that factory production demands? This question, hon-
estly answered, produces a manufacturing strategy that is both eco-
nomically viable and politically sustainable.

‘

Workforce Development: The Human Infrastructure

A factory without trained workers is a warehouse. The global housing
manufacturing strategy requires a parallel workforce development
strategy that trains the people who will design, manufacture, trans-
port, and assemble factory-produced housing.

The skills required for factory-based construction are different from
traditional construction trades. A factory operative on a panelised pro-
duction line needs precision, consistency, and an understanding of
quality control processes. A site assembly team needs the ability to fol-
low DfIMA-designed assembly sequences, manage tolerances, and con-
nect factory-produced components correctly. A design team needs
DfMA expertise — the ability to design for manufacturing constraints
rather than just for site construction.

In developed markets, the workforce challenge is one of transition:
moving existing construction workers from site-based to factory-based
methods and attracting new entrants who may find factory working
conditions, regular hours, and controlled environments more appeal-
ing than traditional construction sites. Australia’s 2025-26 Budget es-
tablished the Housing Construction Apprenticeship stream, offering
apprentices up to 10,000 dollars in financial incentives. The UK’s Offs-
ite Ready training programme, developed by the Manufacturing Tech-
nology Centre, provides modular-specific training for construction
workers.
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In the developing world, the workforce challenge is one of creation:
building manufacturing skills in populations that may have limited
formal education but substantial practical construction experience.
The training approach must be practical, visual, and competency-
based rather than academic. It must be delivered in local languages. It
must result in demonstrable skills that the trainee can use immedi-
ately. And it must be integrated into the manufacturing system itself
— every factory and workshop should function as a training centre,
with experienced workers mentoring newcomers in a modern equival-
ent of the guild apprenticeship.

Community colleges and vocational training institutions have a crit-
ical role. In the United States, institutions like Clark State College and
Columbus State Community College are already partnering with local
manufacturers to deliver workforce training. This model — manufac-
turing capacity co-located with training capacity — is directly applic-
able to the developing world, where vocational training centres can be
established alongside regional manufacturing workshops to create a
pipeline of skilled workers for the housing manufacturing sector.

<+

Supply Chain Resilience: Lessons from Disruption

The construction supply chain disruptions of 2020 to 2023 — material
shortages, price volatility, shipping delays, and workforce constraints
caused by the pandemic and its aftermath — exposed the vulnerabil-
ity of global supply chains. The lesson for housing manufacturing is
clear: resilience must be designed into the supply chain, not assumed.
For factory-based construction, supply chain resilience means diver-
sified sourcing of key materials. It means maintaining strategic stocks
of critical components. It means designing products that can accom-
modate material substitution without redesign — if the specified insu-
lation material is unavailable, the panel design should accept an al-
ternative material of equivalent performance. It means regional supply
chains that reduce dependence on single-source international suppli-
ers. And it means digital supply chain management tools that provide
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visibility into supplier capacity, material availability, and delivery
timelines.

The broader trend in global manufacturing is towards regionalisa-
tion. An estimated 85 per cent of manufacturers aim to regionalise
their supply chains by 2026 to reduce exposure to tariffs, trade disrup-
tion, and freight emissions. For housing manufacturing, this trend is
advantageous: housing is a local product that benefits from local pro-
duction. A regional supply chain — where materials are sourced re-
gionally, components are manufactured regionally, and the finished
product is deployed within the region — is inherently more resilient
than a global one.

Tariff and trade policy uncertainty adds a specific dimension. US
tariffs on steel, aluminium, and prefabricated housing units sourced
from countries including China and Poland have already affected the
modular construction sector, reducing the growth forecast from 8.5 to
8.3 per cent. Manufacturers who depend on cross-border supply
chains must build tariff scenarios into their financial models and di-
versify their sourcing to reduce exposure.

<+

Technology Transfer Partnerships

The fastest way to develop manufacturing capacity in a new market is
through technology transfer partnerships with established manufac-
turers. These partnerships take several forms.

Licensing agreements allow a local manufacturer to produce an es-
tablished product under licence, using the originator’s design, spe-
cifications, and quality control processes. The local manufacturer gains
access to proven technology without the cost and risk of developing it
from scratch. The originator gains market access and licence fees
without the capital investment of establishing a foreign factory. This
model has been used successfully in automotive, pharmaceutical, and
consumer electronics manufacturing, and it is directly applicable to
construction.

211



Manufacturing for the World

Joint ventures create shared-ownership manufacturing entities that
combine the technology and expertise of an established manufacturer
with the market knowledge, labour force, and political relationships of
a local partner. Joint ventures are common in the Gulf States, where
foreign construction companies partner with local sponsors to access
government contracts and build domestic capacity.

Turnkey manufacturing systems, such as those available for light
gauge steel framing, deliver complete production lines that can be in-
stalled in any market. The purchaser receives the machinery, the soft-
ware, the training, and the technical support needed to begin produc-
tion. This is the lowest-barrier entry point for establishing factory-
based construction manufacturing in a new market, and it is particu-
larly suited to developing-country contexts where the goal is to estab-
lish regional panelised production quickly.

Development finance institutions have a role in facilitating all three
models. A concessional loan or grant that funds the establishment of a
licensed manufacturing facility in Kenya or Bangladesh, complete with
training programme and quality assurance framework, is a strategic
investment in housing delivery capacity that will generate returns for
decades.

Production Quality and Continuous Improvement

The quality advantage of factory manufacturing over site construction
is well documented. But it is not automatic. A factory that lacks qual-
ity management systems, trained inspectors, and continuous improve-
ment processes will produce defective components as reliably as it
produces good ones — with the added risk that defective components
are shipped to site and installed before the defect is discovered.
Quality management in housing manufacturing requires the same
discipline as in any other manufacturing sector: incoming material in-
spection, in-process quality checks at defined hold points, end-of-line
testing (pressure testing of plumbing, electrical testing of wiring, di-
mensional verification of panels and modules), traceability of com-
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ponents and materials, and systematic recording and analysis of de-
fects to identify root causes and drive improvement.

Digital quality management — using sensors, cameras, and auto-
mated measurement systems to verify dimensions, detect defects, and
record quality data in real time — is increasingly standard in ad-
vanced manufacturing facilities. For regional workshops in the devel-
oping world, the quality system will be simpler but must be equally
rigorous: checklists, physical measurement tools, photographic re-
cords, and a culture of quality that is established from the first day of
production and maintained by the workshop management.

Lean production, as developed in the Japanese motor industry, and
its construction derivatives — particularly lean construction and the
Last Planner System — provide proven frameworks for continuous im-
provement in manufacturing. The principle of making every worker
responsible for quality — with the authority to stop the production
line if a defect is detected — is as applicable in a housing panel work-
shop in Nairobi as it is in an automotive factory in Nagoya. Quality is
not a department. It is a culture.

Global Manufacturing Strategy at a Glance

Region Factory Primary Key Materials Entry Strategy
Model Products

East Asia High-auto- Volumetric mod- Steel, concrete, Established. Ex-
mation ules, full MiC engineered timber  port to SE Asia.

Europe / High-auto- Timber panelised, Timber, steel, CLT/ Established.

Scand- mation volumetric, CLT glulam Cross-border via

inavia EU DPP.

Turkey / Medium- Steel-frame modu- Steel, concrete, Growing. Export

MENA automation lar, precast, panel- local stone hub for Africa/

ised Central Asia.

Sub-Saha-  Labour-in- LGS panels, Imported steel coil, Turnkey roll-form-

ran Africa tensive CEBs, bamboo, local soil, local tim- ing + regional
workshops  pods ber/bamboo workshops.
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Region Factory Primary Key Materials Entry Strategy
Model Products

South Asia  Labour-in- Panelised, Concrete, steel, Joint ventures +
tensive to precast, incre- bamboo domestic capacity
medium mental kits building.

Latin Amer-  Medium- Panelised, engin-  Timber, bamboo, Domestic capacity

ica automation  eered bamboo, steel, concrete in Brazil/Mexico.

timber

N. America  High-auto- Volumetric, panel-  Steel, timber, CLT ~ Growing. March

mation ised, pods 2026 EO removes
barriers.

Oceania Medium to Panelised, timber,  Timber, steel $54m federal in-

high pods vestment. Nat. cer-

tification.

<4

Building the global manufacturing supply chain for housing is not a
single project. It is a generational undertaking that will unfold differ-
ently in every region, at a pace determined by local demand, local ca-
pacity, and local policy. The factories of Scandinavia and Japan, built
over decades of patient investment and sustained demand, cannot be
replicated overnight in Sub-Saharan Africa. But the regional work-
shops that are the first step on that journey can be established within
months, producing panelised housing components that immediately
improve the speed, quality, and cost of housing delivery.

The strategy is phased. Start with what the region can produce
now: simple panelised systems, compressed earth blocks, bathroom
pods, pre-assembled service modules. Build the workforce through in-
tegrated training. Develop the supply chain through local sourcing
wherever possible. Establish the quality systems from day one. And
gradually increase the sophistication, the volume, and the automation
of production as demand grows, skills develop, and investment flows.

The end state is a world in which every region has the manufactur-
ing capacity to produce the housing its population needs, using the
materials and methods that are appropriate to its context, at a quality
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and cost that its economy can sustain. That end state is decades away.
The first step is today.

With this chapter, Part C is complete. The ways to resolve the crisis
are known, proven and available. That leaves the hardest question in
the book, and the subject of Part D: if the solutions exist, why have
they not been adopted at the scale the crisis demands — and what has
to change so that they can be?

IN BRIEF

Two factory models: High-automation facilities ($20-50m+ invest-
ment, thousands of units/year) for developed markets. Labour-intens-
ive regional workshops for developing markets. Both are valid and ne-
cessary.

Regional manufacturing hubs: East Asia (established), Turkey/MENA
(growing export hub), Sub-Saharan Africa (workshops using turnkey
roll-forming), Latin America (domestic capacity), Europe (mature,
cross-border potential), North America (growing, barriers being re-
moved).

Local content: Manufacture locally wherever possible. The question is
not ‘how do we import?’ but ‘how do we manufacture locally?’

Workforce development: Every factory must function as a training
centre. Practical, visual, competency-based skills. Vocational institu-
tions co-located with manufacturing.

Supply chain resilience: 85% of manufacturers regionalising by 2026.
Design for material substitution. Digital supply chain management.

Technology transfer: Licensing, joint ventures, turnkey systems. Devel-
opment finance should fund manufacturing establishment as strategic
housing investment.

Quality is culture: Lean production principles apply universally. Every
worker responsible for quality from day one.
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MY PERSPECTIVE

I have lived for twenty years in a region that built an industrial base from al-
most nothing within a generation, and I have advised in countries that are
trying to do the same. That experience makes me both optimistic and impa-
tient about the manufacturing strategy in this chapter. Optimistic, because I
have seen how fast capacity can be created when a government decides it
wants it. Impatient, because the phased approach described here — start with
workshops, build skills, add automation as volume justifies it — is so often
skipped in favour of a flagship factory that stands idle within two years.

The other conviction this chapter carries is about local content. No govern-
ment in Africa, South Asia or Latin America will support a housing pro-
gramme that ships finished homes in from somewhere else, and nor should it.
The purpose of industrialising construction is not only to build homes faster.
It is to build the industries, the skills and the jobs that make a country able to
house itself. Factories are the means. Self-sufficiency is the end.
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PART D

Making the System
Change

Why known solutions have not been adopted at the scale the crisis
demands, and what must change so that they can: the GUILD model
of integrated delivery, a universal framework that works in any
country, and a clear-eyed look at the twenty-five years ahead.

16 The GUILD Model — An Integrated Framework for Global Housing
17 A Universal Framework with Regional Flexibility
18 The Future — Technology, Climate and the Next Twenty-Five Years

217



The GUILD Model

CHAPTER 16

The GUILD Model

An Integrated Framework for Global Housing

The crisis persists not because we lack technology,
money or talent, but because we lack connection.

5 0 1

pillars: Governance, Unity, members, fees or projects measure of success:
Innovation, Local at GUILD of MMC whether occupants live
adaptation, Dignity with dignity

IN THIS CHAPTER

—Why a Guild?

—The Five Pillars of the GUILD

—G — Governance with Accountability

—U — Unity of Purpose Across Disciplines

—I| — Innovation Through Shared Knowledge
—L — Local Adaptation with Global Standards
—D — Dignity as the Measure of Success
—The GUILD in Practice

—GUILD of MMC: An Awareness Movement, Not an Organisation
—What the GUILD Is Not

—From Philosophy to Framework
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The preceding fifteen chapters have examined the global housing
crisis from every angle. The scale. The regional variations. The con-
struction methods. The structural systems. The building performance
strategies. The financing mechanisms. The procurement and regulat-
ory frameworks. The data is comprehensive. The technology exists.
The financial instruments can be designed. The standards are develop-
ing. And yet the crisis deepens.

The reason is not technical. It is not financial. It is not even primar-
ily political, though political will is essential. The reason the global
housing crisis persists is structural — structural in the way the con-
struction industry operates, the way housing is procured, the way
knowledge is siloed, the way the people who design, manufacture, fin-
ance, build, and occupy homes are disconnected from one another.
The construction industry is the most fragmented major industry on
earth. Architects design buildings they do not build. Manufacturers
produce components for buildings they did not design. Contractors
assemble structures using products they did not specify. Financiers
fund projects they do not understand technically. Communities receive
homes they had no role in shaping. And governments set policies
without the construction expertise to know whether those policies can
be delivered.

This fragmentation is the root cause of the productivity stagnation
that has plagued construction for fifty years. It is why the same person
who showed up in 1910 with a hammer shows up in 2025 with the
same hammer. It is why modular companies fail despite having excel-
lent products, why governments set housing targets they cannot meet,
and why 2.8 billion people lack adequate housing in a world that has
the wealth, the technology, and the knowledge to house every one of
them.

The GUILD model is my answer to this fragmentation. It is not a
construction method. It is not a financing instrument. It is not a regu-
latory proposal. It is a philosophy of integration — a framework for
connecting the people, the knowledge, the resources, and the institu-
tions that must work together if the global housing crisis is to be ad-
dressed at the scale and speed it demands.
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Why a Guild?

The word ‘guild” carries centuries of meaning. In medieval Europe,
guilds were associations of craftsmen and merchants who came to-
gether to maintain standards, share knowledge, train apprentices, pro-
tect their members, and ensure the quality of their collective output. A
guild was not a company. It was not a government body. It was an eco-
system — a community of practice that transcended individual organ-
isations and aligned the interests of its members around shared stand-
ards and mutual benefit.

The medieval guilds built the cathedrals. Not because any single
craftsman had the skill to build a cathedral alone, but because the
guild connected the stonemasons with the carpenters, the carpenters
with the glaziers, the glaziers with the ironworkers, and all of them
with the patrons who funded the work and the communities who
would worship within it. The guild provided the framework within
which specialised skills could be coordinated towards a shared pur-
pose.

The global housing challenge is our cathedral. It is too large, too
complex, and too important for any single organisation, discipline, or
country to address alone. It requires the coordinated effort of design-
ers, engineers, manufacturers, financiers, governments, communities,
and the occupants themselves — working not in the fragmented, ad-
versarial way that the construction industry currently operates, but
collaboratively, around shared standards, mutual accountability, and a
common purpose.

That is what the GUILD model proposes.

<+

The Five Pillars of the GUILD

The GUILD framework rests on five pillars, each addressing a specific
dimension of the fragmentation that prevents the housing crisis from
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being resolved. They are interdependent. Strengthening one without
the others is insufficient. Together, they create the collaborative ecosys-
tem that the global housing sector has never had.

G — Governance with Accountability

Governance is not government. It is the system of decision-making,
oversight, and accountability that ensures housing delivery serves the
people it is intended to serve. Effective governance means clear roles,
transparent processes, measurable outcomes, and genuine accountab-
ility to the communities that receive the housing — not just to the in-
stitutions that fund or build it.

Every failure examined in this book — from Kenya’s 431 units de-
livered against a 500,000 target, to Brazil’s Minha Casa Minha Vida
homes built in the wrong locations, to the UK’s modular companies
collapsing under pipeline uncertainty — includes a governance fail-
ure. Either the decision-making process excluded the people whose in-
put was essential, or the accountability mechanisms failed to detect
and correct problems before they became crises, or the institutional ca-
pacity to deliver was never matched to the institutional ambition to
promise.

The GUILD model proposes that every housing programme, at
every scale, should establish a governance framework that includes:
clear allocation of roles and responsibilities among all parties; trans-
parent reporting on progress, cost, and quality against agreed bench-
marks; genuine community participation in design and delivery de-
cisions; independent oversight that can intervene when delivery devi-
ates from intent; and accountability that has consequences — not re-
ports that are filed and forgotten, but mechanisms that trigger action
when outcomes fall short.

U — Unity of Purpose Across Disciplines

The construction industry’s fragmentation is not accidental. It is struc-
tural. Architects, engineers, manufacturers, contractors, financiers, and
regulators each operate within their own professional silos, with their
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own training, their own language, their own incentives, and their own
definitions of success. An architect’s success is measured by design
quality. A contractor’s by programme and budget. A financier’s by re-
turn on investment. A manufacturer’s by production efficiency. A reg-
ulator’s by compliance. And a community’s by whether the home
works for the people who live in it.

These are not opposing objectives. They are complementary ones. A
beautifully designed, efficiently manufactured, financially viable, fully
compliant home that works for its occupants is not a contradiction in
terms. It is what happens when all disciplines are aligned around a
shared purpose from the outset, rather than negotiating their compet-
ing interests after the fact.

The GUILD model proposes that housing delivery teams should be
assembled as cross-disciplinary partnerships from day one — with the
designer, the manufacturer, the financier, the contractor, and the com-
munity representative all present at the table from the first conversa-
tion. This is not a radical concept. It is how integrated project delivery
has been practised in the most successful construction projects for
years. What is radical is applying it systematically to social housing at
global scale, rather than reserving it for landmark commercial pro-
jects.

| — Innovation Through Shared Knowledge

The construction industry is the least knowledge-sharing of any major
industry. A technique developed in Scandinavia takes decades to reach
Africa. A financing innovation in Singapore is unknown in Latin
America. A regulatory solution in Hong Kong is not studied in the
UK. Each country, each company, each project reinvents what has
already been solved elsewhere, wasting time, money, and the lives of
the people who wait for homes while the industry rediscovers what it
already knows.

The medieval guilds solved this problem through the journeyman
system. A young craftsman, having completed an apprenticeship,
would travel from city to city, working with different masters, learning
different techniques, absorbing the accumulated knowledge of the
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trade across a wide geography. When the journeyman returned home,
he brought with him the best practices of every workshop he had vis-
ited.

The GUILD model proposes a modern equivalent: systematic
knowledge transfer between regions, between countries, and between
disciplines. Not conferences and white papers, though these have their
place, but practical exchanges — factory visits, site placements, tech-
nology transfer partnerships, open-source design libraries, and shared
training programmes that move construction knowledge from where it
exists to where it is needed.

The Digital Kit of Parts concept, discussed in Chapters 10 and 11, is
one vehicle for this. An open-source library of standardised, digitally
defined building components, optimised for different regional con-
texts and accessible to practitioners worldwide, would democratise ac-
cess to design intelligence that is currently locked within proprietary
systems or confined to developed-market practitioners. The GUILD
model envisions this library as a freely available resource for anyone,
anywhere, who is trying to house people well, not the intellectual
property of any single organisation.

L — Local Adaptation with Global Standards

Every chapter of this book has insisted that context determines meth-
od. A construction solution that works in Stockholm will not work in
Nairobi without adaptation. A financing instrument designed for Lon-
don’s mortgage market is irrelevant to Dhaka’s informal economy. A
building code written for temperate Europe is inappropriate for trop-
ical Asia.

At the same time, certain standards are universal. A home should
be structurally safe. It should provide shelter from the elements. It
should have access to clean water and sanitation. It should be secure
against intrusion. It should provide sufficient space for its occupants to
live with dignity. These are not culturally relative standards. They are
human standards, enshrined in the Universal Declaration of Human
Rights and reaffirmed in the Sustainable Development Goals.
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The GUILD model holds these two truths simultaneously. Global
standards define what housing must achieve. Local adaptation de-
termines how it achieves it. The performance outcomes are non-nego-
tiable. The methods, materials, and delivery mechanisms are context-
specific. This is the principle that Chapter 2’s universal definition es-
tablished — permanently affordable, publicly accountable, dignified,
safe, and stable — and it runs through every chapter that followed.

In practice, this means that a housing programme in Ghana built on
these principles would use different materials, different structural sys-
tems, different financing instruments, and different procurement
routes from a programme in Denmark. But both would meet the same
performance outcomes for their occupants: a home that is safe, afford-
able, dignified, and stable. The GUILD provides the global framework.
The local team provides the contextual intelligence. Together, they
produce housing that is both universally adequate and locally appro-
priate.

D — Dignity as the Measure of Success

The construction industry measures success in square metres de-
livered, units completed, budgets achieved, and programmes met.
These are necessary metrics. They are not sufficient ones.

The ultimate measure of whether a housing programme has suc-
ceeded is whether the people who live in the homes experience dig-
nity. Do they feel safe? Can they afford to stay? Is the home warm
enough in winter and cool enough in summer? Does it provide pri-
vacy? Can children study? Can adults work? Is it connected to em-
ployment, schools, healthcare, and community? Are the occupants
proud to call it home?

These are not soft questions. They are the questions that determine
whether a housing investment delivers its intended social return or
whether it produces another Minha Casa Minha Vida — millions of
units in the wrong places, technically adequate but practically failing
the people they were built for. They are the questions that distinguish
Singapore’s HDB, where 93 per cent of households are satisfied with
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their apartment, from the worst of post-war European social housing,
where residents were housed but not served.

The GUILD model proposes that every housing programme should
include post-occupancy evaluation as a standard element — not as a
research exercise but as a governance mechanism. If the occupants are
not satisfied, if the homes are not performing as intended, if the com-
munity is not functioning, these findings should trigger corrective ac-
tion, not just generate reports. Dignity is not a by-product of good con-
struction. It is the purpose of it.

The GUILD in Practice

What does a GUILD-based approach look like in practice? It looks like
this.

A government or housing authority identifies a housing need.
Rather than designing a programme in isolation and then tendering
for delivery, it assembles an integrated delivery team — a cross-discip-
linary group comprising a designer, a manufacturer, a financier, a
community representative, and a regulatory adviser. This team, work-
ing together from the outset, develops a programme that integrates
design, manufacturing capability, financial viability, community need,
and regulatory compliance from the first conversation.

The design is developed using DIMA principles adapted to the loc-
al context, as described in Chapter 12. The structural system and ma-
terials are selected based on the regional analysis in Chapter 13 —
what is locally available, climatically appropriate, and within the man-
ufacturing capability of the local or regional production facilities. The
energy and services strategy is designed for the specific climate zone,
as described in Chapter 14. The financing draws on the instruments
described in Chapter 9, matched to the economic context of the pro-
gramme. And the procurement route, as described in Chapter 10, en-
ables the early manufacturer engagement and long-term framework
commitment that factory-based construction requires.
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Throughout, the community — the people who will live in the
homes — participates in decisions about layout, space, community fa-
cilities, and the features that matter to them. This is not tokenistic con-
sultation. It is design partnership, informed by the principle that the
people who know most about what makes a home liveable are the
people who will live in it.

Post-completion, the delivery team does not dissolve. It monitors
performance, conducts occupant satisfaction surveys, addresses de-
fects, and feeds the lessons learned back into the design of subsequent
programmes. The knowledge generated by each project is recorded
and published, so that it can inform and improve every programme
that follows — anywhere in the world.

<+

GUILD of MMC: An Awareness Movement, Not an
Organisation

It is important to be clear about what GUILD of MMC — the platform
through which this book is published — is, because the word “guild”
invites a misreading.

GUILD of MMC is a non-profit awareness movement. Its purpose is
to inform the world about the scale of the global housing shortfall and
about the modern methods of construction that could help to close it.
It publishes books, papers, bulletins and case studies, and it makes
them freely available to anyone who wants to read them. It has no
members. It charges no fees. It runs no consortium, endorses no com-
pany, and delivers no projects. It exists so that a housing minister in
Nairobi, a manufacturer in Ankara, a financier in London and a com-
munity leader in Manila can all read the same evidence, in plain lan-
guage, and reach their own conclusions.

That independence is deliberate. This book names no operating
company, not because good companies do not exist but because the
moment an awareness platform starts naming suppliers it becomes a
marketing channel, and its evidence stops being trusted. The work of
connecting people to one another, of assembling teams and of deliver-
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ing programmes is real and necessary work, but it is commercial work,
and it belongs elsewhere. GUILD of MMC’s task is simpler and, I
would argue, prior to all of it: to make sure the world understands the
problem and knows that solutions exist.

The medieval guilds built the cathedrals of Europe because they
preserved and transmitted knowledge — how to cut stone, how to
spring an arch, how to raise a roof — across generations and across cit-
ies. That is the sense in which the word is borrowed here. The GUILD
model in this chapter is a body of knowledge about how housing gets
built well. GUILD of MMC is the means of passing it on.

4

What the GUILD Is Not

The GUILD is not a centralised authority. It does not dictate what
should be built, where, or how. It provides a framework within which
local decisions are made by local people with local knowledge, in-
formed by global intelligence and held to global standards.

The GUILD is not a replacement for government. Governments
must still fund social housing, set regulatory frameworks, provide
land, and maintain political commitment. The GUILD model offers
government a way of thinking — cross-disciplinary, evidence-led, and
informed by what has worked and failed elsewhere — that no single
ministry develops on its own.

The GUILD is not a commercial entity. It does not manufacture
homes, provide finance, or deliver projects. Governments, manufactur-
ers, financiers and communities do. The GUILD model describes how
their separate contributions can be made coherent, efficient, and ac-
countable.

And the GUILD is not a utopian vision. It is a practical proposal,
grounded in the evidence of fifteen chapters of analysis and informed
by decades of experience in an industry that desperately needs a better
way of working. The integrated delivery models that have produced
the world’s best construction outcomes — Singapore’s HDB, Vienna's
housing associations, Japan’s factory-built housing industry, Hong
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Kong’s MiC programme — all share the characteristics that the GUILD
formalises: integrated cross-disciplinary delivery, shared standards,
knowledge transfer, local adaptation, and a relentless focus on out-
comes for the people the housing serves.

The GUILD simply proposes that these characteristics should not be
the exception. They should be the norm.

+

From Philosophy to Framework

The GUILD model is a philosophy. In the next chapter, it becomes a
framework. Chapter 17 translates the five pillars into a practical de-
cision matrix that maps construction methods, financing instruments,
and delivery models to specific regional contexts, guided by the five
contextual axes — climate, economy, skills, transport infrastructure,
and governance. The philosophy tells you why. The framework tells
you how.

But before we proceed to the mechanics, let me say something per-
sonal. I developed the GUILD concept not from academic research,
though the evidence supports it, but from a career spent working
across disciplines, across borders, and across the extraordinary range
of contexts that the construction industry encompasses. I have seen
what happens when the disciplines work as one: projects that deliver
quality, on time, on budget, and with occupants who are genuinely
proud of their homes. And I have seen what happens when fragment-
ation prevails: projects that overrun, underperform, disappoint the
communities they were meant to serve, and leave everyone involved
worse off.

The construction industry does not lack talent. It does not lack tech-
nology. It does not lack capital. It lacks connection. The GUILD is my
proposal for providing it.
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IN BRIEF

The root cause: The global housing crisis persists not because of tech-
nical or financial limitations but because of structural fragmentation —
the disconnection between the disciplines, institutions, and communit-
ies that must work together to deliver housing at scale.

The GUILD model: A philosophy of integrated delivery that brings de-
signers, manufacturers, financiers, governments, and communities to
the same table around shared standards, shared knowledge, and shared
purpose.

G — Governance with Accountability: Clear roles, transparent pro-
cesses, genuine community participation, and accountability that trig-
gers action.

U — Unity of Purpose Across Disciplines: Cross-disciplinary teams
assembled from day one, not fragmented silos negotiating after the fact.

I — Innovation Through Shared Knowledge: Systematic knowledge
transfer between regions and disciplines. Open-source design libraries.
The modern journeyman system.

L — Local Adaptation with Global Standards: Performance outcomes
are universal. Methods, materials, and delivery mechanisms are con-
text-specific.

D — Dignity as the Measure of Success: Post-occupancy evaluation as
governance, not research. The ultimate measure is whether occupants
experience dignity.

The GUILD in practice: An integrated cross-disciplinary team from
the first conversation. Community as design partner. Knowledge feed-
ing forward to every subsequent programme.

GUILD of MMC: A non-profit awareness movement, not an organisa-
tion — no members, no fees, no projects, no company endorsements. Its
task is to make the evidence freely available, so the world understands
the problem and knows that solutions exist.

MY PERSPECTIVE
The GUILD model is the closest thing in this book to a personal statement. It
did not come from research; it came from watching, over four decades, what
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happens when the disciplines of construction talk to one another and what
happens when they do not. Every project I have ever seen go wrong went
wrong in the gaps — between the designer and the manufacturer, between the
finance and the programme, between the government and the people it was
building for. Every project I have seen succeed had, somewhere in it, someone
who insisted those gaps be closed from the first day.

I chose the word guild deliberately, and I want to be precise about it. The me-
dieval guilds preserved knowledge and passed it on. That is the spirit in which
GUILD of MMC publishes this book, freely, without members or fees or com-
mercial interest. The model set out in this chapter is not an organisation to
join. It is a way of thinking to adopt, and it belongs to anyone who wants it.
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CHAPTER 17

A Universal Framework with
Regional Flexibility

One framework. Any country. Different in every
application, consistent in every purpose.

5 5 7

universal principles contextual axes steps from need to
delivery

IN THIS CHAPTER

—The Five Universal Principles

—The Five Contextual Axes

—The Decision Matrix: Mapping Method to Context
—How to Use the Framework: A Step-by-Step Process
—A Model for Knowledge Transfer

—Templates, Checklists, and Practical Tools

—From Project to Programme to System
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The GUILD philosophy tells you why integrated delivery matters.
This chapter tells you how to apply it. It synthesises everything in the
book — the regional analyses, the construction methods, the structural
systems, the energy strategies, the financing instruments, and the pro-
curement frameworks — into a practical decision-making tool that a
practitioner can use to determine the right approach for any housing
programme, in any context, anywhere in the world.

The framework is built around five universal principles and five
contextual axes. The principles define what every social housing pro-
gramme must achieve. The axes map the variables that determine how
to achieve it. Together, they produce a decision matrix that connects
the global ambition of this book with the local reality of every specific
project.

The Five Universal Principles

These principles are non-negotiable. They are the performance out-
comes that every social housing programme must deliver, regardless
of region, climate, economy, or construction method. They are drawn
directly from the universal definition of social housing proposed in
Chapter 2 and refined through the GUILD pillars of Chapter 16.

1. Dignity. The home must provide its occupants with a standard of
living that enables human dignity. This means sufficient space, pri-
vacy, structural safety, protection from the elements, and a physical en-
vironment that the occupants are not ashamed of. Dignity is not a lux-
ury specification. It is the minimum standard below which a building
is shelter, not housing.

2. Affordability. The home must be affordable not only to build but
to occupy. Construction cost, running cost (heating, cooling, water,
maintenance), and tenure cost (rent or mortgage) must together be
sustainable for the intended occupants over the long term. A home
that is cheap to build but expensive to run fails this principle. A home
that requires the occupant to spend more than 30 per cent of income
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on housing costs fails it. Affordability is a whole-life measure, not a
construction-budget target.

3. Sustainability. The home must be designed for the climate it will
exist in — not the climate of twenty years ago but the climate of
twenty years ahead. It must minimise its environmental impact
through material choice, energy performance, water efficiency, and
waste reduction. And it must be resilient: capable of withstanding the
specific environmental threats — heat, flooding, cyclones, earth-
quakes, sea-level rise — that its location presents.

4. Speed. The home must be deliverable at a speed that matches the
pace of need. The global housing deficit is growing. Every year of
delay adds millions to the backlog. Construction methods that take
years to deliver what modern methods can deliver in months are not
acceptable when the crisis demands urgency. Speed is not haste. It is
the disciplined application of manufacturing-based construction to
compress timelines without compromising quality.

5. Adaptability. The home must be capable of adaptation over its
life. Families grow and shrink. Climates change. Technologies evolve.
A home designed for a single, fixed configuration that cannot accom-
modate any change is a home that will become inadequate long before
its structural life expires. Adaptability means designing for future
modification — rooms that can be added, services that can be up-
graded, spaces that can be reconfigured — without requiring demoli-
tion and rebuilding.

The Five Contextual Axes

These axes represent the variables that differ from one housing context
to another. Each axis operates on a spectrum, and the position of a
specific project on each axis determines which construction methods,
structural systems, financing instruments, and delivery models are
most appropriate.

Axis 1: Climate. Where does this project sit on the spectrum from
extreme cold to extreme heat? From arid to humid? From seismically

233



A Universal Framework with Regional Flexibility

stable to earthquake-prone? From sea-level coastal to high altitude?
The climate axis determines the building envelope strategy (insulation
vs. thermal mass vs. shading), the ventilation approach (MVHR
vs. natural cross-ventilation vs. mechanical cooling), the structural re-
quirements (seismic design, wind resistance, flood elevation), and the
material suitability (timber in temperate forests, earth in arid regions,
steel in seismic zones, bamboo in the tropics).

Axis 2: Economy. What is the economic context of this project?
What can the intended occupants afford? What is the cost of construc-
tion materials and labour locally? What financing instruments are
available? Is there a functioning mortgage market, or must housing
finance operate through microfinance, savings groups, and com-
munity mechanisms? The economy axis determines the price point of
the housing, the financing structure, and the level of manufacturing
sophistication that is economically viable.

Axis 3: Skills. What workforce is available? Are there trained fact-
ory operatives, or will assembly be performed by semi-skilled com-
munity workers? Is there a local tradition of a particular construction
method that the workforce already understands? The skills axis de-
termines whether the project should use high-tech volumetric mod-
ules that require crane operators and precision installers, or panelised
systems with interlocking connections that can be assembled with
hand tools and visual instructions.

Axis 4: Transport Infrastructure. How will manufactured compon-
ents reach the site? Are there motorways, or unpaved roads? Are there
bridges with weight limits? Is the site accessible by sea, or only by nar-
row mountain tracks? The transport axis is one of the most practically
determinative — a brilliant factory-built module that cannot physically
reach the site is worthless. This axis often dictates the maximum com-
ponent size and therefore the choice between volumetric, panelised,
and kit-of-parts delivery.

Axis 5: Governance. What is the institutional capacity of the gov-
ernment, the housing authority, and the local administration? Is there
a functioning planning system? Is there a building code, and is it pre-
scriptive or performance-based? Is there a warranty and insurance
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framework? Is there corruption risk? Are there established procure-
ment routes, or must they be created? The governance axis determines
the delivery model, the procurement route, and the level of institu-
tional support that must be built alongside the housing itself.

<+

The Decision Matrix: Mapping Method to Context

The decision matrix operates by plotting a specific project against all
five contextual axes and then identifying which construction methods,
structural systems, financing instruments, and delivery models are ap-
propriate for that position. It is not a mechanical formula. It is a struc-
tured thinking tool that ensures the practitioner considers every relev-
ant variable before committing to an approach.

The following table illustrates how the framework applies to six
representative scenarios drawn from the regional chapters of this
book.

Scenario Climate Eco- Skills Transport Recommended Ap-
nomy proach

Multi-storey ~ Cold tem-  High in- Skilled Excellent Timber volumetric or

social hous- perate come, de- factory road/crane CLT panelised. MVHR.

ing, North- veloped work- Passive House achiev-

ern Europe finance force able. Government grant

+ housing association
borrowing. Long-term

framework.
Settlement Hot hu- Very low  Semi- Limited Compressed earth
upgrading, mid / hot  income, skilled, roads, no blocks or panelised kits.
Sub-Saha- arid informal com- cranes Natural ventilation. Incre-
ran Africa economy  munity- mental design. Housing
based microfinance + com-

munity savings. Secure
tenure first.

High-density Hot hu- High in- Specialist Cross-bor-  Full volumetric MiC from

transitional mid, come, MiC work- der mari- mainland factories. De-
housing, typhoon govern- force time from  signed for deconstruc-
Hong Kong  zone ment-fun- GBA tion and relocation. Gov-
ded ernment procurement
framework. GFA incent-
ives.
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Scenario Climate Eco- Skills Transport Recommended Ap-
nomy proach
Disaster re-  Hot hu- Low- Basic Maritime Lightweight steel-framed
covery mid, hur-  middle in- construc-  shipping panelised, wind-rated to
housing, ricane come, tion skills  between Cat 5. Container-format
Caribbean zone limited islands shipping. Climate fin-
fiscal ca- ance + development
pacity bank support. Regional
manufacturing hub.
Affordable Extreme  High in- Growing Excellent Precast concrete + steel
housing pro- hot arid come, domestic  road net- hybrid. Factory-sealed
gramme, Vision + migrant  work thermal envelope. Mech-
Saudi Ara- 2030 work- anical cooling essential.
bia funding force PPP with private de-
velopers. Sakani subsidy
mechanism.
Climate-resi- Hot hu- Very low Limited Maritime Elevated, lightweight, re-
lient hous- mid, income, construc-  only; small locatable panelised sys-
ing, Pacific rising sea aid-de- tion capa- island tems. Screw pile founda-
Islands levels pendent city ports tions. Solar + rainwater.

Climate finance + man-
aged relocation funding.
Designed for disas-
sembly.

How to Use the Framework: A Step-by-Step Process

For any new housing programme, the framework operates through
seven steps.

Step 1: Define the need. How many homes? What typology (indi-
vidual houses, low-rise, mid-rise, high-rise)? What household sizes
and compositions? What income levels? What is the timeline? These
parameters set the scale and character of the programme.

Step 2: Map the five axes. For the specific project location, assess
the position on each contextual axis. What is the climate? What is the
economic context? What skills are available? What transport routes ex-
ist? What is the governance capacity? Be honest in this assessment.
Optimistic assumptions about transport infrastructure or governance
capacity are the root of most project failures.
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Step 3: Select the construction method. Using the spectrum de-
scribed in Chapter 11 and the axis mapping from Step 2, identify
which construction methods are technically feasible and contextually
appropriate. Rule out methods that the transport cannot support, the
workforce cannot assemble, or the economy cannot afford. What re-
mains is the shortlist.

Step 4: Select the structural system. Using the guidance in Chapter
13, identify which structural materials are locally available, climatic-
ally appropriate, seismically adequate, and within the manufacturing
capability of the region. Match the structural system to the construc-
tion method selected in Step 3.

Step 5: Design the energy and services strategy. Using Chapter 14,
develop the building envelope, ventilation, water, sanitation, and en-
ergy generation approach that matches the climate axis position. En-
sure the strategy delivers whole-life affordability, not just construction-
stage savings.

Step 6: Assemble the finance. Using Chapter 9, identify the finan-
cing instruments that match the economic context. Government grant?
Blended finance? Housing microfinance? Community savings? The
finance strategy must match the income profile of the intended occu-
pants and the risk appetite of the available investors.

Step 7: Assemble the integrated delivery team. Bring together the
cross-disciplinary team described in Chapter 16. Ensure the designer,
manufacturer, financier, contractor, community representative, and
regulatory adviser are all engaged from the outset. Establish the gov-
ernance framework, the knowledge-sharing protocols, and the post-oc-
cupancy evaluation process before the first line is drawn.

These seven steps are sequential but iterative. The construction
method selected in Step 3 may prove unaffordable at Step 6, requiring
a return to Step 3 with revised parameters. The structural system
chosen in Step 4 may not be compatible with the transport axis, requir-
ing reconsideration. The process is not linear. It is a structured conver-
sation between constraints and possibilities, guided by the universal
principles and informed by the contextual axes.

+
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A Model for Knowledge Transfer

The framework is not only a decision tool for individual projects. It is a
knowledge transfer mechanism that connects lessons from one region
with needs in another.

When a practitioner in Kenya uses the framework to design a settle-
ment upgrading programme, they are drawing on the same structured
thinking that a practitioner in Denmark uses to procure a multi-storey
social housing project. The axes are different. The methods are differ-
ent. The finance is different. But the process is the same. And the
knowledge generated by each application of the framework should be
recorded and published, enriching the guidance available to every
subsequent practitioner.

This is how knowledge transfer works in practice: not through ab-
stract principles imposed from outside, but through a shared frame-
work that each user populates with their own context, their own con-
straints, and their own solutions. The Kenyan practitioner learns from
the Danish experience not by copying the Danish method but by see-
ing how the Danish practitioner applied the same framework to a dif-
ferent set of axes and produced a different but equally valid solution.
The knowledge that transfers is not the solution. It is the process.

South-South knowledge transfer — between developing countries
— is particularly valuable and particularly underused. A compressed
earth block programme in Burkina Faso has more to teach a housing
authority in Mozambique than a volumetric modular factory in
Sweden does. A housing microfinance programme in Bangladesh has
more relevance to Peru than a UK mortgage market does. The frame-
work facilitates these connections by providing a common language
and a common structure through which practitioners in very different
contexts can communicate their experience and learn from each other.

4
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Templates, Checklists, and Practical Tools

The framework is supported by a set of practical tools that practition-
ers can use in the field. These are not theoretical models. They are
working documents designed to be printed, filled in, and used in the
meetings, site visits, and planning sessions where real decisions are
made.

The Five-Axis Assessment Sheet. A single-page template for map-
ping a specific project against the five contextual axes. Each axis is
rated on a five-point scale with descriptive anchors, producing a
simple profile that immediately reveals the project’s key constraints
and opportunities. A project that scores ‘very limited” on transport
and ‘community-based” on skills instantly narrows the construction
method options to lightweight panelised or kit-of-parts systems with
visual assembly instructions.

The Method Selection Matrix. A cross-reference table mapping
each construction method from Chapter 11 against each axis position,
showing briefly which methods are feasible for which combinations of
conditions. This is the reference table that a project team reviews at the
start of the design process to identify their shortlist.

The Finance Matching Guide. A decision tree that leads from the
economic axis position to the appropriate mix of financing instru-
ments. Starting with the question ‘what is the income profile of the in-
tended occupants?’ it branches through government funding capacity,
private capital availability, and community finance tradition to arrive
at a recommended finance stack.

The Integrated Delivery Team Checklist. A checklist for assem-
bling and governing a cross-disciplinary delivery team, including re-
quired disciplines, governance protocols, community engagement
mechanisms, knowledge-sharing commitments, and post-occupancy
evaluation framework.

The Post-Occupancy Evaluation Template. A standardised survey
instrument for assessing occupant experience twelve months after oc-
cupation, covering satisfaction with space, privacy, thermal comfort,
services, community, and overall dignity. Designed to be administered
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in any language, using a combination of scaled questions and open re-
sponses.

These tools are designed to be adapted, not adopted rigidly. A
housing programme in Indonesia using this framework will modify
the assessment sheet to reflect the specific transport challenges of an
archipelagic geography. A programme in the Gulf will weigh the cli-
mate axis differently from one in Scandinavia. The tools provide the
structure. The practitioner provides the judgment.

‘

From Project to Programme to System

The framework is designed to operate at three scales.

At the project scale, it guides the decisions for a single housing de-
velopment. What method? What materials? What finance? What pro-
curement route? This is the most immediate and most common applic-
ation.

At the programme scale, it guides a government or housing author-
ity that is planning a multi-year, multi-site housing delivery pro-
gramme. The framework enables the authority to develop a platform-
based approach, as described in Chapter 12 — standardising the con-
struction system, the procurement route, and the financing structure
across multiple projects, achieving economies of repetition and learn-
ing curve benefits that no single project can deliver. This is how Singa-
pore’s HDB operates. This is how Hong Kong’s MiC programme is
structured. This is how Sweden’s municipal housing companies pro-
cure.

At the system scale, it guides the development of national or re-
gional housing delivery capacity. A country that applies the frame-
work systematically can use it to identify the manufacturing capacity it
needs to develop, the training programmes it needs to establish, the
building codes it needs to reform, and the financing instruments it
needs to create. This is the most ambitious application, and the one
with the greatest long-term impact. A country that builds a housing
delivery system — not just individual homes but the institutional, in-
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dustrial, and financial infrastructure to produce homes at scale — is a
country that can close its housing deficit permanently.

<+

This framework is the practical expression of everything this book
contains. It connects the crisis described in Chapters 1 through 10 with
the solutions described in Chapters 11 through 15, through the integ-
rated-delivery philosophy described in Chapter 16 and delivers them
in a form that a practitioner can hold in their hands and use in the
field.

It does not pretend to have all the answers. No framework can sub-
stitute for the judgment, experience, and local knowledge of the
people who use it. But it provides the structure within which that
judgment can operate most effectively — ensuring that every relevant
variable is considered, every available option is evaluated, and every
decision is informed by the global body of knowledge that this book
has assembled.

The five universal principles — dignity, affordability, sustainability,
speed, and adaptability — are the north star. The five contextual axes
— climate, economy, skills, transport, and governance — are the com-
pass. The decision matrix is the map. And the integrated delivery
team is the crew that navigates.

Together, they form a universal framework with regional flexibility.
A single approach to a global challenge. Different in every application.
Consistent in every purpose. A guide to building for the world.

In the final chapter, we look ahead: the technologies, the climate im-
peratives, the demographic shifts, and the political choices that will
determine whether the next twenty-five years repeat the failures of the
last twenty-five or mark the beginning of a genuine resolution to the
global housing crisis.
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IN BRIEF

Five universal principles: Dignity, Affordability, Sustainability, Speed,
and Adaptability. Non-negotiable performance outcomes for every so-
cial housing programme worldwide.

Five contextual axes: Climate, Economy, Skills, Transport Infrastruc-
ture, and Governance. The variables that determine how the universal
principles are achieved in any specific context.

The decision matrix: Maps construction methods, structural systems,
financing instruments, and delivery models to specific axis positions.
Six representative scenarios illustrated from the regional chapters.

Seven-step process: Define need, map axes, select method, select struc-
ture, design services, assemble finance, assemble the delivery team. Se-
quential but iterative.

Knowledge transfer: The framework is a shared language that connects
practitioners across regions. South-South transfer is particularly valu-
able and underused. The process transfers, not the solution.

Practical tools: Five-Axis Assessment Sheet, Method Selection Matrix,
Finance Matching Guide, Integrated Delivery Team Checklist, Post-Oc-
cupancy Evaluation Template. Designed to be adapted, not adopted ri-

gidly.
Three scales: Project (single development), Programme (multi-year,

multi-site), System (national/regional delivery capacity). The system
scale has the greatest long-term impact.

MY PERSPECTIVE

This is the chapter I would hand to a minister, a housing director or a young
designer who asked me where to start. The five principles are the things every
programme must deliver. The five axes are the questions I have learned to ask
in the first hour of any conversation about a new market: what is the climate,
what can people afford, who is available to build, how will it get there, and
does the state work? The decision matrix simply records what those answers
have implied in the places I have worked and studied.
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None of it is complicated. That is deliberate. I have watched too many good in-
tentions founder on frameworks that only a consultant could operate. This one
is meant to fit on a page and survive a conversation in a language other than
English. If it does its job, a reader in any country will be able to look at their
own context, follow the seven steps, and arrive at a defensible answer without
needing me or anyone else in the room.
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CHAPTER 18

The Future

Technology, Climate and the Next Twenty-Five Years

Every element required to end the housing crisis
exists today. The only missing part is the decision.

9.7 billion  31% 2

people on earth by 2050 productivity gain from Al possible futures
by 2030

IN THIS CHAPTER

—Artificial Intelligence: The Quiet Revolution
—Advanced Materials: Beyond What We Know

—The Climate Imperative: Building for a Changing World
—Digital Twins, loT, and the Intelligent Home

—The Demographic Horizon

—The Choice

—A Final Word
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This is the final chapter. It is also the shortest, because the book has
already said what needs to be said. The crisis is documented. The
methods are mapped. The materials are compared. The finance is
structured. The regulations are catalogued. The GUILD philosophy is
articulated. The universal framework is drawn. The manufacturing
strategy is planned. What remains is to look ahead — to the technolo-
gies that will reshape the next quarter-century of construction, to the
climate imperatives that will make housing the defining infrastructure
challenge of our era, and to the choice that every government, every
institution, and every practitioner must now make.

The question is not whether the world can house its population. It
can. The question is whether it will.

<+

Artificial Intelligence: The Quiet Revolution

Artificial intelligence is entering construction not with a dramatic an-
nouncement but with a steady accumulation of practical applications
that are already changing how buildings are designed, manufactured,
and managed. Al-powered design tools can generate and evaluate
thousands of layout configurations in the time a human architect takes
to sketch one, optimising for structural efficiency, material use, day-
light, ventilation, and manufacturing constraints simultaneously. Pre-
dictive analytics can forecast project delays before they occur, optimise
resource allocation in real time, and identify quality defects from pro-
duction line data before components leave the factory.

For DIMA, artificial intelligence is transformative. An Al system
trained on the manufacturing constraints of a specific factory — the di-
mensions of the production line, the capabilities of the cutting and
forming equipment, the material properties and tolerances — can as-
sess a building design and identify every element that will cause a
manufacturing problem, suggesting modifications that the human de-
signer may not have considered. This closes the gap between design
intent and manufacturing reality that is one of the most persistent
sources of cost overrun and delay in factory-based construction.

245



The Future

On site, robotic systems are performing tasks that were once exclus-
ively manual. Autonomous bricklaying robots, rebar-tying robots, ma-
terial-handling drones, and robotic arms for welding, cutting, and fin-
ishing are all in commercial deployment or advanced trial. The con-
struction robotics market is projected to grow dramatically through
2040, with 3D printing robots representing the fastest-growing seg-
ment. Al-enabled robots operating around the clock, supported by
small teams of human operators, could fundamentally change the eco-
nomics of site construction in labour-scarce markets.

The productivity gains are substantial. McKinsey estimates that Al,
robotics, and digital workflows could enable productivity improve-
ments of 31 per cent by 2030 in the construction sector. Closing the
construction productivity gap could unlock approximately 1.6 trillion
dollars in global value annually. These are not speculative projections.
They are calculations based on technologies that already exist and are
being deployed.

But the most important application of Al for global housing may be
the most mundane: making design intelligence accessible. An Al-
powered design tool that can guide a community builder in rural
Kenya through the design of a panelised house — suggesting the right
structural grid, the right panel dimensions, the right connection de-
tails for the local manufacturing workshop — democratises expertise
that is currently available only to well-resourced professional teams.
This is the GUILD’s Innovation pillar in digital form: shared know-
ledge, universally accessible, adapted to local context by the intelli-
gence of the system itself.

Advanced Materials: Beyond What We Know

The next twenty-five years will see the emergence of construction ma-
terials that do not yet exist at commercial scale. Carbon-capturing con-
crete, which sequesters CO2 during the curing process, addresses the
cement industry’s 8 per cent share of global emissions by turning a cli-
mate liability into a climate asset. Self-healing polymers and concretes,
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embedded with bacteria or microcapsules that activate when cracks
appear, could dramatically extend the lifespan of buildings and reduce
maintenance costs. Aerogel insulation, with thermal conductivity far
below conventional insulation materials, could enable ultra-thin wall
constructions that maximise habitable space in dense urban environ-
ments.

Bio-based materials are gaining ground. Hempcrete — a mixture of
hemp hurd and lime — is carbon-negative, provides excellent thermal
and acoustic performance, and is gaining regulatory acceptance in
multiple countries. Mycelium-based materials, grown from fungal net-
works, are being developed as insulation and packaging materials
with potential structural applications. These materials are not science
fiction. They are in prototype and pilot production, and within a dec-
ade several will be commercially available at construction scale.

For the developing world, advanced materials mean something dif-
ferent. They mean engineered bamboo achieving full structural certi-
fication in every country where bamboo grows. They mean com-
pressed earth blocks with admixtures that improve water resistance
and strength beyond what pure cement stabilisation achieves. They
mean locally manufactured insulation from agricultural waste — rice
husk, coconut fibre, sugarcane bagasse — replacing imported petro-
chemical products. The materials revolution in the Global South will
be one of local abundance transformed by modern engineering, not of
imported novelty.

4

The Climate Imperative: Building for a Changing World

Climate change is no longer a future threat to housing. It is a present
reality, described in detail in the regional chapters of this book. Sea
levels rising at four times the global average on the Pacific Islands.
219,000 homes in New Zealand flood zones. 10,000 properties in four
New Zealand cities potentially uninsurable by 2050. Cyclones intensi-
tying across the Caribbean. Extreme heat rendering parts of the Gulf
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uninhabitable without mechanical cooling. Flooding devastating set-
tlements across South Asia and Sub-Saharan Africa.

The next twenty-five years will intensify every one of these pres-
sures. The buildings constructed today must be designed not for the
climate of the past but for the climate of the future — a future that will
be hotter, wetter in some places and drier in others, more prone to ex-
treme weather events, and characterised by sea-level rise that will re-
shape coastlines worldwide.

For the construction industry, the climate imperative operates on
two fronts simultaneously. The first is mitigation: reducing the carbon
emissions from construction and building operation. The building sec-
tor accounts for approximately 40 per cent of global energy consump-
tion and a comparable share of carbon emissions. Net-zero construc-
tion — buildings that produce as much energy as they consume and
that are built from materials with minimal or negative embodied car-
bon — is achievable with current technology, as the Passive House
movement and mass timber construction demonstrate. The challenge
is deploying it at scale, particularly in the developing world where en-
ergy access is as important as energy efficiency.

The second front is adaptation: building homes that can withstand
the climate conditions they will face. This means flood-resilient con-
struction in flood zones. Wind-resistant structures in cyclone belts.
Thermally massive buildings in regions of extreme heat. Relocatable
housing in areas threatened by sea-level rise. And the institutional and
financial capacity to respond to disasters when they occur — with fact-
ory-manufactured emergency housing that can be deployed in weeks
rather than the years that traditional reconstruction takes.

The circular economy — designing buildings for disassembly, reuse,
and recycling at the end of their life — connects the climate agenda
with the construction agenda directly. Hong Kong’s Nam Cheong 220,
where modular units were deconstructed and relocated rather than
demolished, is a proof of concept for what should become standard
practice. A building designed for disassembly is a building that treats
its materials as a resource to be recovered, not waste to be disposed of.
Screw pile foundations that can be removed and reused. Bolted steel
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connections that can be unbolted. Panelised walls that can be dis-
mantled and reassembled at a new site. These are DEMA principles ap-
plied not just to manufacture and assembly but to the building’s entire
lifecycle.

Digital Twins, loT, and the Intelligent Home

Digital twins — virtual replicas of physical buildings that update in
real time with data from sensors embedded in the structure — are en-
tering construction at scale. A digital twin of a social housing estate
can monitor structural performance, energy consumption, water us-
age, internal temperatures, and air quality across every unit, providing
the management organisation with a live dashboard of building per-
formance and enabling predictive maintenance that addresses prob-
lems before they become failures.

For social housing, digital twins offer a specific benefit: evidence-
based performance management. A housing association that can
demonstrate, with real-time data, that its homes are performing to the
energy efficiency, thermal comfort, and air quality standards promised
at design stage has an asset that is more valuable, more financeable,
and more defensible than one whose performance is assumed but un-
verified.

The Internet of Things extends this intelligence to the individual
home. Smart meters, smart thermostats, leak detection sensors, and air
quality monitors connected to a central management system enable
both the occupant and the landlord to understand how the home is
performing and to act when it is not. For energy-poor households,
smart energy management that optimises heating and cooling sched-
ules to minimise cost while maintaining comfort is a direct contribu-
tion to affordability.

The caution is equity. Smart home technology must be designed to
serve the occupant, not to surveil them. Data from social housing IoT
systems must be governed transparently, used to improve building
performance and resident wellbeing, and never repurposed for monit-
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oring, sanctioning, or discriminating against tenants. The GUILD’s
Dignity pillar demands that technology serves the person, not the in-
stitution.

The Demographic Horizon

By 2050, the global population will reach approximately 9.7 billion.
Two-thirds of humanity will live in cities. Africa’s urban population
will triple. South Asia will add hundreds of millions of urban resid-
ents. These are not projections that may or may not come true. They
are demographic certainties driven by births that have already oc-
curred and urbanisation trends that have been accelerating for dec-
ades.

The housing required to accommodate this growth is staggering.
Not millions of homes. Hundreds of millions. And not just any homes:
homes that are affordable, dignified, climate-resilient, connected to
employment and services, and built sustainably. The traditional con-
struction industry, with its craft-based methods, its fragmented supply
chains, and its productivity that has barely improved in fifty years,
cannot deliver this volume. Only manufacturing-based construction —
deployed globally, adapted locally, financed innovatively, and gov-
erned collaboratively — has the capacity to match the scale of need.

The demographic horizon also includes ageing populations in de-
veloped countries. Homes that can be adapted for accessibility as oc-
cupants age — wider doorways, level thresholds, ground-floor bath-
room capacity, smart monitoring for vulnerable residents — should be
standard features of social housing, not retrofits. Designing for the full
lifespan of the occupant, not just the occupant as they are today, is the
Adaptability principle of the universal framework in action.

4
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The Choice

Every element required to resolve the global housing crisis exists
today. The construction methods are proven. The structural materials
are available. The energy and services technologies work. The finan-
cing instruments have been designed and deployed. The regulatory
frameworks are developing. The GUILD philosophy provides the de-
livery model. The universal framework provides the decision-making
structure. The manufacturing strategy charts the pathway to produc-
tion at scale.

What is missing is the collective decision to act.

This is not a technological problem awaiting a technological break-
through. It is a political and institutional problem awaiting political
and institutional commitment. The governments that have committed
— Singapore, Vienna, Denmark, Hong Kong — have demonstrated
that the crisis can be addressed. The governments that have not com-
mitted have demonstrated only that the crisis can be sustained.

The choice is not between action and inaction. The choice is
between two futures. In one, the next twenty-five years repeat the pat-
tern of the last twenty-five: growing deficits, deepening inequality,
worsening homelessness, climate-driven displacement, and the slow
erosion of the principle that every person has a right to adequate
housing. In the other, the next twenty-five years mark the beginning of
a genuine resolution: manufacturing capacity built, workforces
trained, finance mobilised, regulations reformed, communities em-
powered, and homes — dignified, affordable, sustainable, and per-
manent — built for the world.

A Final Word

I began this book by describing a world without enough homes. I end
it by describing a world that has everything it needs to provide them.
The gap between the two is not knowledge. It is not technology. It is
not money. It is will.
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The construction industry I have worked in for decades is capable
of extraordinary things when it is given the chance. I have seen fact-
ory-built homes assembled in days that would have taken months on
site. I have seen bathroom pods arrive on site with every joint tested,
every surface finished, every fixture installed — and work perfectly
from the first day of occupation. I have seen architects design within
manufacturing constraints and produce buildings that are more beau-
tiful, not less, for the discipline. I have seen communities participate in
the design of their homes and produce spaces that no external archi-
tect could have imagined.

I have also seen the opposite. Projects delayed by procurement that
did not match the method. Factories closed because governments
could not commit to a pipeline. Insurance markets that refused to un-
derwrite buildings they did not understand. Building codes written
for the nineteenth century applied to twenty-first-century technology.
And always, always, the fragmentation — the designers who never
spoke to the manufacturers, the financiers who never visited the fact-
ory, the communities who were never asked.

The GUILD model is my response to that fragmentation. The uni-
versal framework is my attempt to connect the global ambition with
the local reality. And this book is my contribution to a conversation
that I believe is the most important one the construction industry can
have: how do we build for the world?

The answer is: together. With shared knowledge. With shared
standards. With local adaptation and global ambition. With the discip-
line of manufacturing and the creativity of design. With the patience
of investment and the urgency of need. And above all, with dignity —
the dignity of every person who deserves a home, and the dignity of
an industry that has the power to provide one.

The regional story was told. The construction methods were
mapped. The finance was structured. The framework was drawn. The
manufacturing was planned.

Now we build.
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IN BRIEF

AI and robotics: Productivity improvements of 31% by 2030. Al-
powered design tools democratise expertise. Construction robotics
growing through 2040. Al closes the gap between design intent and
manufacturing reality. $1.6 trillion in global value from closing the con-
struction productivity gap.

Advanced materials: Carbon-capturing concrete, self-healing polymers,
aerogel insulation, hempcrete, mycelium. In the developing world: en-
gineered bamboo at full certification, improved CEBs, insulation from
agricultural waste. Local abundance transformed by modern engineer-
ing.

Climate imperative: Mitigation (net-zero construction, embodied car-
bon reduction) and adaptation (flood-resilient, wind-resistant, relocat-
able housing). Circular economy: design for disassembly, reuse, and re-
cycling. Buildings designed for the climate of the future, not the past.

Digital twins and IoT: Real-time performance monitoring, predictive
maintenance, evidence-based management. Smart energy optimisation
for affordability. Technology must serve occupants, not surveil them.

Demographics: 9.7 billion by 2050. Two-thirds urban. Africa’s cities
tripling. Hundreds of millions of homes needed. Only manufacturing-
based construction can match the scale. Ageing populations require ad-
aptable design.

The choice: Every element required exists today. The gap is not know-
ledge, technology, or money. It is will. Two futures: repeat the failures
or begin the resolution. The answer is together. Now we build.

MY PERSPECTIVE

I am nearly seventy — born in 1957 — and I have watched my industry
change less in forty years than almost any other I can think of. That is finally
ending. Artificial intelligence, robotics, new materials and the intelligent,
sensor-rich home are arriving in construction all at once, and they will arrive
whether the industry welcomes them or not. My interest is not in the techno-
logy for its own sake, but in what it makes possible: a building process that
can be controlled, from design to occupation, as a single coherent system
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rather than a sequence of hand-offs. That is the industrialisation this book has
argued for, and it is now within reach.

But I want to end where I began. The world is not short of homes because it
does not know how to build them. It is short of homes because it has not yet
decided that everyone deserves one. Technology will make the decision cheaper
and faster to act on. It will not make the decision for us. That remains the
work of people — ministers, financiers, designers, manufacturers, and cit-
izens who refuse to accept that a child sleeping on compacted earth is anyone’s
normal. I have spent my life in this industry because I believe it is capable of
extraordinary things. Now we build.

GLOSSARY

Terms and acronyms used in this book, in the sense in which the book uses them.

Additive manufacturing (3D printing) — Building walls or components by
depositing material — usually a concrete or earth-based mix — layer by
layer from a computer-controlled printer, on site or in a factory.

Adequate housing — The UN definition: housing that provides security of
tenure, availability of services, affordability, habitability, accessibility, a
suitable location and cultural adequacy. Walls and a roof alone do not qual-
ify.

Affordable housing — Housing whose cost — rent or mortgage — leaves a
household able to meet its other basic needs; commonly defined as costing
no more than 30 per cent of household income. A broader term than social
housing.

Agrément certificate — An independent technical assessment certifying that
a non-standard building system is fit for purpose; used in South Africa, the
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UK, France and elsewhere to give regulators and lenders confidence in new
methods.

BIM (Building Information Modelling) — A digital three-dimensional
model of a building that carries data about every component, allowing
design, manufacture, assembly and maintenance to be planned and co-
ordinated from a single source.

Blended finance — The use of public or philanthropic capital to reduce risk
and attract private investment into projects — such as affordable housing
— that private capital would not otherwise fund alone.

Compressed earth block (CEB) — A masonry block made by compacting
soil, sometimes with a small amount of cement or lime, in a manual or
mechanical press. Low-cost, low-carbon and locally producible.

Cross-laminated timber (CLT) — Engineered wood panels made from layers
of timber glued at right angles, strong enough to form walls, floors and
roofs of multi-storey buildings.

Cross-subsidy — A funding model in which profit from market-rate homes
or commercial space within a development pays for the affordable homes
alongside them.

Design for Manufacture and Assembly (DfMA) — A design discipline that
considers from the first sketch how a building will be manufactured and
how it will be assembled, so as to simplify both and reduce components,
error and waste.

Development finance institution (DFI) — A government- or multilaterally-
owned bank — such as the World Bank, the African Development Bank or
the Asian Development Bank — that lends for development purposes on
terms commercial banks will not offer.

Embodied carbon — The greenhouse-gas emissions generated in producing,
transporting and assembling a building’s materials, as distinct from the op-
erational carbon emitted while it is in use.

Fabric first — An approach to energy performance that prioritises the build-
ing envelope — insulation, airtightness, shading, orientation — over mech-
anical systems.

Favela — The Brazilian term for an informal settlement, usually self-built and
lacking formal tenure or full services.



Gross floor area (GFA) incentive — A regulatory concession, used notably in
Hong Kong, that allows a developer additional buildable area in return for
adopting modular construction or other desired practices.

Housing association — A non-profit organisation, common in the United
Kingdom and Europe, that owns and manages social and affordable rented
housing, typically funded by a mix of government grant, rent and borrow-
ing.

Housing microfinance — Small, short-term loans designed for households
with informal incomes to build or improve a home incrementally, often re-
paid through mobile money.

Hybrid system — A building that combines two or more construction meth-
ods — for example a precast concrete core with light-steel panel infill, or
volumetric bathroom pods within a site-built frame.

Incremental housing — A home designed to be completed in stages as a
household’s income allows, starting with a safe, serviced core and pre-
planned points for later expansion.

Informal settlement — An area of housing built without legal title to the
land, outside planning control and usually without full infrastructure; also
described as a slum, shanty town or favela depending on the country.

Insulated concrete formwork (ICF) — Hollow blocks or panels of rigid insu-
lation that are stacked to form walls and then filled with concrete, leaving
the insulation in place as part of the finished wall.

Integrated delivery team — The cross-disciplinary team — designer, manu-
facturer, financier, contractor, community representative and regulatory ad-
viser — assembled from the outset of a programme rather than engaged in
sequence. Central to the GUILD model.

Light-gauge steel framing (LGSF) — Structural framing made from thin,
cold-formed galvanised steel sections, produced by roll-forming machines
from coil steel. Light, precise, non-combustible and ductile in earthquakes.

Mass timber — Large engineered wood elements — including CLT and glue-
laminated beams — used as the primary structure of a building in place of
steel or concrete.

Modern methods of construction (MMC) — The umbrella term, originating
in the United Kingdom, for construction methods that move work from the
site to the factory or otherwise improve on traditional site-based building.



Spans volumetric, panelised, hybrid, sub-assemblies and site-based innova-
tions.

Modular Integrated Construction (MiC) — Hong Kong’s term and pro-
gramme for volumetric modular construction, in which fully fitted-out
modules are manufactured off site and assembled into multi-storey build-
ings.

Mortgage lender acceptance — The willingness of banks to lend against a
property built by a non-traditional method; a frequent hidden barrier to
modern methods where lenders lack familiarity or warranty cover.

MVHR (Mechanical Ventilation with Heat Recovery) — A ventilation sys-
tem that extracts stale air and supplies fresh air through a heat exchanger,
recovering most of the heat; essential in highly airtight buildings in cold cli-
mates.

Off-site construction — Any method in which substantial parts of a building
are manufactured away from the site — in a factory or workshop — and
transported for assembly.

Panelised (2D) construction — Manufacturing walls, floors and roof ele-
ments as flat panels, with or without insulation, services and finishes, for
assembly on site. Ships efficiently and suits markets without heavy cranes.

PAS 8700 — A British publicly available specification, published in 2025, set-
ting out requirements for modern methods of construction in new-build
residential buildings.

Passive House (Passivhaus) — A rigorous voluntary standard for buildings
whose fabric performance is so high that conventional heating or cooling is
scarcely needed.

Performance-based code — A building regulation that specifies what a build-
ing must achieve — in fire safety, structure, energy — rather than prescrib-
ing how it must be built; generally more accommodating of new methods
than a prescriptive code.

Post-occupancy evaluation — Systematic assessment of how a completed
building performs and how satisfied its occupants are, used to improve
subsequent designs.

Precast concrete — Concrete elements — panels, columns, beams, whole
room units — cast in a factory and transported for assembly, rather than
poured in place on site.



Prescriptive code — A building regulation that dictates specific materials, di-
mensions and methods; simple to enforce but often a barrier to innovation.

Public—private partnership (PPP) — A contractual arrangement in which a
private party designs, builds, finances and sometimes operates public in-
frastructure — including housing — in return for payments or revenue
over a long term.

Right to Buy — The British policy, introduced in 1980, allowing council ten-
ants to purchase their homes at a discount; credited with widening home
ownership and blamed for the long-term depletion of social housing stock.

Screw pile — A steel foundation screwed into the ground rather than dug
and concreted; fast, removable and suited to lightweight, relocatable or
flood-prone buildings.

Security of tenure — Legal protection against arbitrary eviction, whether as
owner, tenant or customary occupant; the first requirement of adequate
housing and the precondition for any household investing in its home.

Self-build — Housing constructed by the household that will occupy it, often
incrementally and without formal contractors; the dominant form of
housebuilding in much of Africa, Asia and Latin America.

Social housing — In the working definition used in this book: housing
provided at below-market cost, allocated on the basis of need, by or on be-
half of the state or a non-profit body, whose purpose is to ensure that
people who cannot secure a decent home through the market nonetheless
have one.

Structural insulated panel (SIP) — A sandwich panel of rigid insulation
bonded between two structural facings, typically timber-based board,
forming an insulated load-bearing wall or roof in one element.

Sub-assemblies and pods — Fully finished components — bathroom:s, kit-
chens, plant rooms, service risers — manufactured off site and installed
complete within a building of any construction type.

Technology transfer — The transfer of a manufacturing system, its equip-
ment, training and know-how from an established producer to a new mar-
ket, usually through licensing, joint venture or turnkey supply.

Turnkey factory — A complete manufacturing line — machinery, software,
training and technical support — supplied ready to operate, allowing a
new market to begin production within months.



Volumetric (3D) modular construction — Manufacturing complete, six-
sided room-sized modules — structure, insulation, services and finishes —
in a factory, for transport and assembly into a building on site.

Whole-life cost — The total cost of a building over its life — construction, op-
eration, maintenance, adaptation and eventual disposal — as opposed to
construction cost alone.
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