
E C O D E S I G N

The bottom line
If architecture is ‘design for living’, one of its greatest 
challenges is how to live with the masses of waste we 
excrete. Four pioneers in green sanitation design outline 
solutions to a dilemma too often shunted down the pan.

following pages through the work of Peter 
Morgan in Zimbabwe, Ralf Otterpohl and 
his team in Germany, Shunmuga Parama-
sivan in India, and Ed Harrington and his 
colleagues in California.  

In compost-based ecosanitation, excreta is 
reframed as a resource: fertilizer. Much of the 
research on this has focused on upping nutri-
ent levels and finding faster, more effective 
ways of removing heavy metals and patho-
gens such as viruses. Meanwhile, research-
based, ecological processing of waste water is 
vastly improving water-based systems, bring-
ing them closer to the ecosanitation ideal. 

Environmental sustainability is only part 
of ecosanitation, however. Defecation is as 
culture-laden as other behaviours, so the 
designs must also be socially sustainable 
— tailored to local customs and strictures, 
whether in Malawi or Manhattan. 

The developed world may think it has 
cracked the problem, but trouble is gurgling 
away underground. ‘Flush and forget’ sani-
tation systems constitute one of the more 
bizarre hangovers from the Victorian age. In 
older toilets, up to 25 litres of drinking water 
go down the pan per flush, although ‘low-
flow’ toilet designs are coming into their own 
and, in 1995, the US federal government set 
a 7-litre-per-flush limit. 

Aside from wasted water, the faeces-laden 
‘black water’ from flush toilets is not always 
treated. Many older US and UK sewage sys-
tems, for instance, mix toilet waste water with 
storm water in so-called combined sewage 
outflows, which can overflow after heavy 
rain. The US Environmental Protection 
Agency estimated in a 2004 report to Con-
gress that 850 billion gallons of untreated 
water were entering US waterways every year. 

Sewage sludge — the semi-solid mush left 
after wastewater treatment in sewage works 
— can be as problematic. Although it can 
contain significant traces of pharmaceuticals 
and heavy metals even after treatment, it is 
widely used in the West as a soil conditioner 
and fertilizer on cropland, with uncertain 
effects on human health.  

In the packed cities and scattered villages 
of the developing world, the challenge is 
even more daunting. Thousands of children 
die every day from a lack of basic sanitation 
or clean water. Open defecation contami-
nates soils with the eggs and larvae of soil-
borne intestinal worms, or helminths, as well 
as other pathogens. More than one billion 
people are infected with these helminths, 
which cause, among other problems, weak-
ness and malnutrition. 

So a toilet can be transformative. A clean 
environment means better health — and that, 
in turn, is a springboard to development. As 
governments debate the finer points of global 
development challenges at Rio+20 next week, 
they might find it worth asking why sanitation 
falls to the bottom of most policy agendas. ■

An ‘eco’ toilet such as Peter Morgan’s Blair VIP, which traps disease-carrying flies, can transform lives.

Every year, on average, each of us excretes 
50 litres of faeces, rife with pathogens 
and heavy metals. Multiplied by Earth’s 

population of 7 billion — and rising — that 
constitutes not so much an elephant in the 
room as a herd of mammoths. Sustainable 
solutions are urgently needed, particularly 
for the 2.6 billion people who lack adequate 
sanitation and the 1.1 billion practising open 
defecation. Rich countries, meanwhile, often 

have hidden sanitation issues of their own.
There is no single design solution to sani-

tation. But there are universal principles for 
systematically and safely detoxifying human 
excreta, without contaminating, wasting 
or even using water. Ecological sanitation 
design — which is focused on sustainability 
through reuse and recycling — offers work-
able solutions that are gaining footholds 
around the world, as Nature explores on the 
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AIR TRAFFIC CONTROL 
The Blair toilet uses a vent to trap �ies, 
preventing them from spreading disease.
The vent also draws out odours from the pit, 
making the toilet interior almost odour free.

Wind �ow

A �y screen prevents �ies from
entering and leaving the pit

Pit

Flies from pit are
drawn towards the
light of the vent

Air�ow

Flies outside are attracted to the 
the odour from the vent pipe

Concrete
slab

Entrance

Squat
hole

Vent

Vent pipe

PETER MORGAN
Inspired by ant 
turrets and the 
flight paths of flies
Environmental scientist and designer 
of the Blair VIP toilet, Harare

“The designer knows he has reached perfec-
tion, not when there is no longer anything to 
add, but when there is no longer anything to 
take away.” I recalled this anonymous quote 
when, as a young biologist in Rhodesia (now 
Zimbabwe) in the 1970s, I was working for 
the health ministry’s Blair Research Labo-
ratory — named after former health secre-
tary Dyson Blair. Blair had persuaded me to 
change fields, from schistosomiasis control 
to technological solutions for public health, 
and tasked me with designing new toilet  
systems for use in rural areas. 

Open defecation was then common, 
and the existing pit toilets bred blowflies of 
the genus Chrysomyia, as well as other fly  
species that carry enteric disease. In a survey 
conducted between March 1974 and April 
1975, we counted more than 20,000 flies 
emerging from a single pit toilet. 

It had long seemed to me that simplicity 
could be related to elegance of design. My 
first innovation, called the Blair toilet after 
Dyson (and later dubbed the Blair ventilated 
improved pit, or BVIP toilet), is simple: a 
pit, lined with bricks for stability; a con-
crete sanitary slab with one hole for squat-
ting, and another fitted with a vent pipe 
stretching from the slab to above roof level; 
and a spiral superstructure that obviates 
the need for a door but guarantees semi-
darkness (see ‘Air traffic control’). 

The design harnesses natural prin-
ciples. The turrets of ant nests — the 
most elegant of nature’s chimneys — 
inspired the vent. The natural behaviour 
of flies, which are attracted by odour and 
light, determined the other design features. 
When air passes over the top of the vent, 
suction draws more air through the 
squatting hole into the pit, then sends 
the odours up through the vent. Some 
flies are drawn to those odours; oth-
ers, entering the pit through the squat 
hole, are drawn to the light from the 
bottom of the vent. Either way, the flies 
are trapped and die, because the vent 
is fitted with a non-corrodable screen, 
usually made of aluminium. 

The concept is simple and it works. 
From October to December 1975, weekly 
counts of fly output were taken from two 
Blair toilets and two unventilated pit toi-
lets: a total of 13,953 flies were trapped 

from the unventilated toilets and only 
146 from the ventilated toilets (P. R. Mor-
gan Cent. Afr. J. Med. 23, 1–4; 1977). A fam-
ily BVIP will last 10–15 years, and once it is 
abandoned, the superstructure materials can 
be recycled. The excreta gradually dries, and 
can be used as compost. 

The BVIP is now the backbone of  
Zimbabwe’s sanitation programme, with 
half a million family toilets built so far, and 
is widespread in other African countries. A 
multicompartment unit was designed for 
schools. More recently, I have drawn up a 
cheaper, upgradeable family unit, which can 
be built in stages — allowing them to ascend 
the ‘sanitation ladder’. 

I devised other toilets to speed up the  
composting process. The Arborloo is an 
unlined pit 1 metre deep, which is fitted with 
a circular brick or concrete rim and a sani-
tary slab. As it fills, soil, ash and leaves are 
added to accelerate composting and control 
flies and odour. After a year, the toilet super-
structure is moved to a new pit, and a tree is 
planted in a layer of soil on top of the old pit, 
to provide shade, fuel or fruit. Thousands of 

RALF OTTERPOHL
Boosting compost 
with biochar and 
bacteria 
Environmental engineer and director,
Institute of Wastewater Management 
and Water Protection, Hamburg 
University of Technology, Germany

With my team in Hamburg, I have studied 
resource-oriented sanitation — in which 
waste is seen as reusable — for 15 years. I 
was drawn towards this path having started 
out mathematically modelling mass flows at 
large-scale wastewater treatment plants — a 
process I found frustratingly inefficient. 

In 2010, I began to focus on a practice 
originating in Brazilian Amazonia more 
than 1,000 years ago that could, paradoxi-
cally, kick-start a modern revolution in 

composting sanitation. The pre-Colum-
bian Indians created ‘black’ soils known 
in Portuguese as terra preta. Found in 
patches throughout the Amazon, they 

are composed of charcoal (biochar), 
composted excreta and other bio-waste. 
They are absorptive and high in nitrogen, 
phosphorus, potassium and calcium. At 
Hamburg, we are adapting this mixture for 
use in ecosanitation systems. 

Systems using terra preta technology 
can help to solve two problems that 

plague many developing countries: 
poor soils and a lack of sanitation. 
The technology offers the efficient 
creation of well-structured, humus-
rich compost, which is important for 
food security, resistance to soil ero-
sion, water retention in soil and the 
growth of local agricultural econo-
mies. And it is cost-effective. A basic 
terra preta sanitation toilet costs about 
US$50, inputs are cheap, and it is not 
hooked up to sewage systems. 

Terra preta sanitation is a three-step 
process. First, lactic-acid bacteria are 

these have been built in Malawi and about 
70,000 in Ethiopia. 

The Fossa Alterna is another variation: 
two shallow pits are dug and used alternately, 
swapping at annual intervals. By the time 
one pit has filled, the compost in the other 
will be mature and ready for use. 

Perhaps working in an area for which 
I have not received formal training has 
given me freedom of expression in observ-
ing, exploring and researching. I had to 
use instinct and plain logic. And it pays to 
adapt natural principles honed over millions 
of years.
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SHUNMUGA PARAMASIVAN
Creating social 
inclusivity for 
girls and women 
Country director, Wherever the Need, 
Pondicherry, India

Since 2007, I’ve helped to design and install 
toilets across India that tackle specific  
environmental and social challenges — 
including those relating to women, schools 
and slums. All are environmentally sus-
tainable urine-diversion dry (composting) 

toilets, which use little water and counter 
India’s serious faecal pollution problem (see 
page 185). 

The challenges we are up against are con-
siderable. More than 626 million Indians 
practise open defecation daily, polluting 
groundwater and creating ideal breeding 
conditions for disease. Meanwhile, urban 
India’s pace of growth is incredible — by 
2030, estimates suggest that some 575 mil-
lion people will be living in cities. One in 
four of the country’s city dwellers (93 mil-
lion) lives in slums.  

But the social side of sustainability is 
as important as the environmental. Inad-
equate or no sanitation facilities in schools 
mean that once girls reach puberty they 
stay at home when they are menstruating, 
disrupting their studies. And women tend 
to excrete when it is dark because they are 
seeking privacy — but that makes them 
vulnerable to attack, or even rape. So our 
designs factor in safety and ease of use for 
girls and women.  

The girls’ school sanitary blocks we have 
designed in Cuddalore, Tamil Nadu, have an 
exclusive wash room with a washing facility, 
napkin vending machine and an incinerator. 
They are painted in brilliant colours, fully 
enclosed and imaginatively laid out so that 
they are enjoyable to use. We educate the 
girls with a software programme underlin-
ing the need for toilets, personal hygiene, 
and maintenance and management of the 
facility. Pupils play their part by helping to 
clean the toilets.

School sanitation is a large part of our 
focus, especially in rural villages. Although 
the older generation uses entrenched 

added after each defecation: the anaerobic 
fermentation sanitizes and deodorizes. We 
have used cultures ranging from sauerkraut 
liquor to strains scientifically selected not 
to produce gas, such as Lactobacillus plan-
tarum, Lactobacillus casei and Pediococcus 
acidilactici. At the same time, a waste-sugar 
source such as molasses or vegetable scraps 
is added as bacterial feed. This process con-
tinues while the excreta collect and for at 
least another week after collection ceases. 

Second, about 50 grams of powdered 
charcoal — preferably ‘clean’, from wood-gas 
stoves — is added with each bacterial appli-
cation to absorb odour and bind nutrients. 
This biochar also creates microporous space 
for the lactic-acid bacteria to inoculate the 
faeces and lower their pH value. 

Finally, earthworms (vermiculture) com-
post the collected and treated material aero-
bically, further sanitizing the mixture over a 
period of three months to a year. The result-
ing compost is safe for use with non-food 
‘industrial’ crops or forest trees. Two years 
of further processing creates compost that 
can be used on food crops.

Terra preta sanitation systems can be 
modified to suit rural or urban sites, but 
it must be possible to seal collection and 
transport receptacles for the fermentation 
to work. Rural versions can be simple bucket 
toilets fitted with a urine diversion, so that 
faeces drop into one bucket and urine is 
piped into another. Urine can be lacto-fer-
mented separately with the bacterial mix for 
a month or more to avoid nitrogen losses 
and odours, then used as fertilizer, pref-
erably on non-food crops. Alternatively, 
the urine can be used immediately after 

There is a social side to sustainable sanitation: safe and attractive toilet blocks are being built for girls at schools in India, raising attendance levels.

collection, mixed with at least five parts 
water.

For urban settings we are designing a 
new family toilet flushed with very small 
amounts of water, sprayed either manually 
with a bottle or through a nozzle attached to 
sink pipes. This toilet mixes faeces and urine. 
Because moisture impedes composting and 
the high nitrogen content must be compen-
sated for with a carbon source, half a kilo-
gram of woody waste must be added later at 
the composting site. This unit has a tank big 
enough for at least a week’s worth of waste. 
The treated waste can then be collected and 
made into terra preta at a professional com-
munal composting site. 

Our research shows that these toilet sys-
tems and variations on the basic terra preta 
processes could work even in densely popu-
lated cities — a revolution indeed. 
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Primary tank

Recirculation tank

Tidal-�ow wetlands

Vertical-�ow wetlands

Black water from toilets and grey water from sinks and showers
is directed to the primary tank for �ltration.

Water is pumped to tidal-�ow wetland cells, which are repeatedly �lled and drained to create
multiple tidal cycles each day, speeding up natural water-treatment processes. 

Vertical-�ow wetland cells provide a �nal level of treatment, removing
any remaining organic material and excess nitrogen.

The treated water is disinfected with ultraviolet light and trace amounts of chlorine,
and is ready for reuse in toilet �ushing.

By carefully selecting plants that are suited to the local environment and can 
support particular bacterial communities, wetland cells provide an attractive 
way to treat and reuse all of a building’s waste water on site.

WATER MANAGEMENT WETLANDS STYLE

ED HARRINGTON
Building a coastal 
wetland in the 
heart of a city 
General manager, San Francisco Public 
Utilities Commission, California, and 
former chair of the Water Utility Climate  
Alliance. 

From the earliest planning stages, in 2009, 
for the new 13-storey headquarters of the 
San Francisco Public Utilities Commission, 
I knew the building would need to demon-
strate the commission’s ambitious sustain-
ability goals — we needed to ‘walk the talk’. 

Water reuse was a central concern, but 
we quickly discovered that many decen-
tralized water-reuse technologies were too 
energy-intensive for our building’s energy 
budget. My team proposed that we pursue 
ecological sanitation methods inspired by 
wetlands, and challenge ourselves to defy 
conventional wisdom that the space such 
methods demand is too big for dense urban 
areas. 

In our low-energy solution, wastewater 
treatment, which is usually buried in the 
basement, is visible — in the atrium and 
from the pavements where thousands walk 
every day. And we’ve done it in one of the 
highest-density neighbourhoods in one 
of the highest-density cities in the United 
States. 

The building, which is expected to receive 
a leadership in energy and environmental 

methods of toileting, it is easier to convince 
children to use new ways. They then become 
agents of change for their families and  
communities. 

In 2008, we installed 150 toilets in the 
slums of Cuddalore, which presented dif-
ferent issues. Family toilets with dedicated 
compartments to serve women and chil-
dren are essential, but space was so limited 
we opted for mobile toilets. Two hundred 
families used the first unit; the second, rede-
signed to resemble a Portaloo, serves 280 
families. We developed new single mobile 
ecosanitation units serving 15 to 20 fami-
lies when the community asked for them. 
Mobile urinals were deployed in the most 
congested places, such as the hospital and 
harbour.

Both human compost and urine as a fer-
tilizer are in high demand from farmers 
and Wherever the Need is now storing and 
treating both for eventual sale. The proceeds 
are paying for the logistics involved in this 
operation. Next we hope to replicate the 
operation in Chennai.

design (LEED) platinum certification from 
the US Green Building Council in Washing-
ton DC, contains a sustainable, integrated 
water-management system that will serve 
more than 1,000 staff and visitors daily. 
The Living Machine system treats all waste 
water in the building for reuse in flushing 
toilets (see ‘Water management wetlands 
style’). Rainwater is harvested from the 
roof and the child-care centre’s play area 
for landscape irrigation. By treating and 
reusing all waste water on site in a self-con-
tained system, we avoid discharging usable  
water.

Our system reduces total water use by 
about 65%, saving 3 million litres of drink-
ing water per year. We anticipate eventually 
producing a surplus of 2.6 million litres of 
treated water for non-potable uses such as 
toilet flushing or park irrigation nearby. 

The process begins and ends with low-
flow toilets. After flushing, black water from 
the toilets is combined with grey water, from 
the sinks and showers, in plumbing pipes. 
The mixed waste water is then directed to 
tanks beneath the pavement for filtration; 
filtered solids such as faeces are pumped 

periodically to the municipal sewage sys-
tem. From the tanks, the water is pumped 
into tidal-flow wetland ‘cells’, set next to the 
pavement and in the lobby, and disinfected 
using ultraviolet light and trace amounts of 
chlorine.

The cells are filled with gravel, bacteria 
and flowering grasses and plants — includ-
ing Japanese sweet flag (Acorus gramineus) 
and western bleeding heart (Dicentra for-
mosa). The plants were chosen for their root 
structure, which supports the establish-
ment of treatment bacteria, and for resil-
iency in San Francisco’s climate and urban  
environment.  

The cells mimic the ecology and natu-
ral water-treatment processes of coastal 
wetlands, and are alternately flooded and 
drained to create multiple tidal cycles per 
day, speeding up the natural water-treatment 
processes by increasing the influx of oxygen. 
The system is responsible for recycling some 
19,000 litres of water per weekday, but all 
people see is lush, vibrant plantings. It is a 
blend of function and aesthetics, as well as 
a demonstration of the ecological sanitation 
processes at work. ■
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