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Could the St. David’s Peninsula Feed Itself?

A food mapping exercise of potential food production in
the St. David’s Peninsula area for Planed, Pembrokeshire.

Report prepared by Amber Wheeler, awheeler@glam.ac.uk
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Summary
The UK presently imports 95% of its fruit and 60% of its vegetables (DEFRA
2005). With rising insecurity in global food chains, many people are
questioning whether this is a good idea (Tudge 2007). During community
engagement exercises carried out as part pf the St. David’s Peninsula
Development Plan local people raised the issue of food security (Planed
2009). The title of this food mapping exercise comes as a response to their
concerns. Should it become necessary, could the St. David’s peninsula feed
itself? Concern over this issue highlights how far removed people have
become from food production. We have become so dependent on the global
food chain that we no longer know if the land around us can feed us. This
research report attempts to answer this question by taking a model weekly
diet, termed the Livewell 2020 diet (WWF 2011), and converting into the
total amount of land needed to supply all the ingredients for that diet over a
year. The methodology is still in the early stages of development and
contains many assumptions that need further testing but it finds that the
4610 residents of the St. David’s peninsula could be fed using artificial
fertilizers and pesticides (termed chemical) on 10% of the available land
(657 out of 6370 available hectares (ha)) and organically on 16% of the
land (1043 out of 6370 available ha).
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1. Introduction
Policy context
Wales has the potential to produce a lot of food itself but could it become
self-sufficient? There is now a growing body of people keen to investigate
further and a shift in attitude at a governmental level reflected in a 2008
Cabinet Office paper, which states “existing patterns of food production are
not fit for a low‐carbon, more resource constrained‐future” (Cabinet Office
2008). This was emphasized more recently by a comprehensive Chatham
house report (Ambler-Edwards et al 2009) highlighting seven key pressures
on the global food chain: Rising Human Population, ‘Nutrition Transition’,
Energy, Pressure on Land, Pressure on Water, Climate Change and Labour.
The new Food Strategy for Wales ‘Food for Wales, Food From Wales’ also
recognizes that ‘we have entered a period a period of complexity in the food
system brought on by global resource pressures on land, water, energy,
population and diversity.’ And ‘Our food sector must account for and
respond to these developments in order to maximize its own vitality, and
continue to be able to supply consumers with the food they need’ (WAG
2010: 11). It sits within the wider One Planet Wales Sustainable
Development Strategy (WAG 2009) which requires all organizations and
sectors in Wales to actively commit to sustainable development.
We are now at a very poignant time in food policy. Most recently the
Government Office for Science brought out an influential Foresight Report on
Global Food and Farming Futures, it’s theme being ‘Maintaining biodiversity
and ecosystem services while feeding the world’ (Government Office for
Science 2011). It highlighted that the world must produce more food but do
it more sustainably.
Last year also saw the publication of the Wales Climate Change Act (WAG
2010). In it the Welsh Assembly set targets for reducing greenhouse gas
emissions:4

•

To reduce greenhouse gas emissions by 3% per year from 2011 in areas
of devolved competence, against a baseline of average emissions
between 2006-10

•

To achieve at least a 40% reduction in greenhouse gas emissions in
Wales by 2020 against a 1990 baseline

The vision that is set out in this policy is shown below. Two of the visions for
the future have particular relevance to this research: Greater consumer
awareness of embedded energy in food and more informed consumer
choices and more local production and sourcing.
Vision by 2020 for Agriculture and Land use
By 2020 we expect to see:
• Food production in Wales maintained but emissions reduced.
• Increased level of woodland creation in appropriate locations in Wales.
• Increased anaerobic digestion of waste and more efficient use and reuse
of wastes and resources.
• Increase in the number and capacity of on-farm renewable generation.
• Greater consumer awareness of embedded energy in food and more
informed consumer choices.
• More local production and sourcing.
•

Better management of existing forest holdings (especially of FC) to

capture carbon and prevent Welsh forests reverting to becoming a carbon
dioxide source.
It is against this background that this research sits. Could one very small
area of Wales feed itself? What would the food system look like and what
are some of the risks of pursuing such a policy?
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2. Population
The St. David’s peninsula is in Pembrokeshire, Wales, UK.
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It is comprised of the Llanrhian, St.Davids and Solva electoral wards.
Llanrhian (boundaries marked in black)

St. Davids

7

Solva

According to 2009 mid year estimates from the Office for National Statistics
Population Estimates Unit (ONS 2010) there are 4610 people living in the
three wards (see Table 1). Of these 2287 are male and 2323 are female.
756 are aged 0-15, 624 are 16-29, 774 are 30-44, 1245 are 45-64 and
1211 are 65yrs old+.
Table 1. Lower Layer Super Output Area population estimates for England
and Wales, mid-2009 (ONS 2010- experimental statistics)

Electoral
LSOA Code

Division/Ward

45-64

65+

Males,

Males,

45-59

60+

All

0-15

16-29

30-44

Females

Females

Ages

Males:
W01000581

Llanrhian

121

107

113

244

125

710

W01000612

St. David's

141

101

127

254

185

808

W01000618

Solva

143

162

114

208

142

769

8

Area Total

405

370

354

706

452

2,287

90

76

130

178

220

694

Females:
W01000581

Llanrhian

W01000612

St. David's

124

96

135

198

324

877

W01000618

Solva

137

82

155

163

215

752

Area Total

351

254

420

539

759

2,323

W01000581

Llanrhian

211

183

243

422

345

1,404

W01000612

St. David's

265

197

262

452

509

1,685

W01000618

Solva

280

244

269

371

357

1,521

Area Total

756

624

774

1,245

1,211

4,610

Persons

Future Population change
Estimates from the Office for National Statistics (ONS) show that there will
be a net immigration to Wales as a whole, of 10,500 people per year, 3,000
from outside the UK and 7,500 cross border migrations. It is estimated that
the population of Wales will increase from 3 to 3.5 million between 2011 and
2050. (The UK population is likely to increase from 60 million in 2011 to 85
million in 2081). Most of this will be through immigration. In 2011, 5,000
increase in population came from natural change (the difference between
birth rate and death rate) and 11,000 from net migration. Wales currently
has a Total Fertility Rate (TFR) of 1.85. By 2031 it is estimated that there
will be static natural change and all the population increase will come from
net migration. For the St. David’s peninsula it is likely that the population
will rise in line with Welsh population trends from 4610 to 5378 in 2050.
How are people distributed in the land?
The main concentration of people are in the St. Davids area. There are 6730
ha of agricultural land and 4610 people, on average 0.7 people per ha or
700 people per km2. The St. David’s peninsula is therefore relatively densely
populated with above 250 people per km2. See Food and Agriculture
Organization (FAO STAT) diagram below.
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3. Current land use & climate
According FAO the land in the St. David’s area is classed as over-managed.
See below.
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The Welsh Agricultural survey (WAG 2010) indicates that the farmed area of
Llanrhian, Solva and St. Davids is 6370 hectares (see Table 2). The 6370
hectares is split between 112 active holdings (average size 57 hectares).
4483 of the land is grassland, 1682 crops and horticulture.
11

VARIABLE

FIGURES FOR 2009

Area Farmed

6370

Active Holdings

112

Full time principal farmers

103

Part-time principal farmers

110

Regular workers

48

Casuals

31

Grassland

4483

Permanent pasture

3243

Rough grazing

330

New grassland

911

Crops & horticulture

1682

Barley

1004

Wheat

131

Stock feed

114

Other cereals

24

Potatoes

243

Horticulture

22

Farm woodland

105

Other land

100

Livestock units

8606

Total sheep

6937

Breeding ewes

3370

Rams

127

Lambs

3326

Other sheep

114

Goats

17

Total cattle

9217

Dairy breeding

3119

Beef breeding

919

Bulls for service

0

Calves

2400
12

Other cattle

2779

Pigs

40

Poultry

515

Horses

476

The predominant livestock species are sheep and cattle.

The FAO classes the land cover of the St. David’s Peninsula as mixed or
dominated by pasture and browse. There is a section classed as barren and
sparsely populated but the scale is not clear and that area may represent
Ramsey Island, the island off the St. David’s Peninsula.
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Welsh Climate in the 21st Century (WAG 2000)
How will the Welsh climate change? A detailed model run for the UK Climate
Impacts Programme predicted that by 2080 Wales will experience the trends
set out in the box below. The size of the changes is not certain, due to the
nature of climate modelling. Greenhouse gases drive the change in climate,
and the rate at which the human population will add them to the
atmosphere in future is not known; therefore the models which predict the
climate are run with different rates of greenhouse gas emission, called
scenarios, and the variation in climate predicted for Wales is due to the
difference between scenarios.
Predicted changes in climate for Wales by 2080
•

greater warmth all year round by 1.1-2.9 oC

•

more precipitation in winter by 7-24 %

•

less precipitation in summer by 7-14 %

•

greater annual precipitation by 2-9 %

•

a rise of sea level of 18-79 cm

•

a higher mean windspeed by 1-4 %

•

more evapotranspiration by 13-27 %

•

more variability from year to year, the number of extreme years will

increase
•

more frequent and more violent storms, more rain in intense storms

•

more drought years by 10 %

•

more very severe gales by 10 %

According to Martin Crawford of the Agro-forestry Research Trust (Crawford
2010) the likely effects of climate changes in the UK on plants and gardens
are:-
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CLIMATE VARIABLE

LIKELY IMPACT ON PLANTS

Carbon dioxide

Increasing carbon dioxide levels will have a small
fertilising effect potentially leading to increased
growth (perhaps 10-20%) but only if other factors
remain favourable. In reality the fertilising effect may
by offset by e.g. more extreme weather conditions.

Temperature

Increased temperatures will generally be beneficial
but again only if other factors remain favourable.

Growing season

Growing season lengthening by 2 days per year in
southern England and 1 day per year in Scotland.
Leafing and flowering times of plants are generally
becoming earlier in spring and growth ceases later in
autumn. However plants respond in different ways.

Dormancy

The number of chilling hours (number of hours in
winter under 7.2°C/45°F) in the UK has already
reduced by 10-20% since 1960. Reducing by about
11 hours per year in Wales. Dormancy is important
as it is required for a plant to resume normal active
growth. If chilling is inadequate the development of
leaf and flower buds (and thus fruiting) may be
impaired e.g. fruit trees and bushes that do not get
enough chilling are likely to become less productive,
with fruiting increasingly erratic. Already commercial
blackcurrant growers are experiencing poor crops
after mild winters, caused by abnormal flower
development.

Frost

There should be less frost damage

Drought

In the UK increasing temperatures will mean drier
soils and faster breakdown of organic matter.
Collecting of winter rain- of which there is unlikely to
be a lack- for use in summer will be important.

Pests

Insects respond to climate change more rapidly than
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plants. Whereas climate zones are moving north by
about 44 miles per decade, plants are moving north
about 4 miles per decade (with large variations) and
insect ranges are moving north by 9-44 miles per
decade. Insect pests from mainland Europe are
moving north and west into the UK. We may see a
de-coupling of timings between pests and predators
leading to population explosions and crashes. Some
glasshouse pests e.g. red spider mite will become a
serious problem outside. Pests that produce many
generations in one season e.g. aphids, spider mites
and thrips and those controlled by winter cold, will
become a bigger problem as the result of warmer
winters.
Diseases

Diseases will move north and there will be new
virulent and unpredictable diseases.

4. Current food system
Where does food come from now?
In Wales the majority of foods are bought through the supermarket system
with Tesco having 25% of the market share in the UK (WAG 2010). Of
Welsh foods bought in Wales 40% of them were bought through Tesco, 21%
through Asda and 14% through Morrisons. Although independent or corner
shops sold 18% of Welsh food items in 2010 (WAG 2010) in terms of major
purchase habits for consumers, alternative (to supermarkets) chains remain
peripheral.
5. Diet
The diet in Wales, like the UK diet, is too high in energy, saturated fat, salt,
sugar, meat and processed foods and too low in fruit & vegetables and fibre.
This diet along with more sedentary lifestyles has led to increasing levels of
overweight and obesity. The most recent Welsh Health Survey (WAG 2009)
classed 57% of adults as overweight or obese. According to the National
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Diet and Nutrition survey (NDNS) 2001 (Henderson 2002), the most recent
comprehensive survey for the UK, the average diet is as shown in the
following diagram (WWF 2011) :-

According to Nutritional guidelines set out by the Food Standards Agency the
diet should look more like the Eatwell plate pictured below (WWF 2011) :-
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Specific UK dietary recommendations are summarised in the box
below:-

FOOD

RECOMMENDATIONS

POPULATION

REASON

INTAKE/

DIETARY

GROUP

FOR

MEETS

VALUES (DRVS)/ FOOD

RECOMME

RECOMMEND

STANDARDS

NDATION

ATIONS?

REFERENCE
AGENCY

(FSA) /WORLD CANCER
RESEARCH

FUND

2000/

(WCRF)
Energy Intake

2001

NDNS

Estimate

Average

Adults

Requirement (EAR)

To

reduce

80-90% EAR

the risk of
chronic

Probably

Men

diseases

result of under

2500kcal/day.

such

as

a

reporting

due

cardiovascu

to

lar

prevalence

of

diseases,

overweight

&

*see next Table for other

some

obese-

age-groups EAR

cancers and

below.

Women 2000kcal/day.

type

high

see

2

diabetes.
Body weight

Body Mass Index (BMI)

Adults

As above

66%
and

between 18.5 and 25

of
53%

women

men
of
BMI

above 25.
Carbohydrate

>50% food energy

Fruit

At

Vegetables

&

least

5

x

Adults
80g

Adults

Reduce risk

Mean

2.8

portions/day (400g) (FSA

of

portions

per

2005)

cancers,

day

cardiovascu

(Henderson et

lar

al 2002)
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some

disease

(CVD)

and

many other
chronic
conditions
Oily Fish

At least 1 portion/week

Adults

Reduce the

Mean is below

(140g) as well as one

risk

recommendati

portion of white fish (FSA)

cardiovascu

ons in all age

lar disease

groups

of

of

population (0.3
portions

oily

fish/wk

for

adults)
Protein

Less than or equals to
53g/d (RNI)

Women

65g/d
Red

&

New

Men

advice issued Feb

Processed

2011

by

meats

Advisory

Scientific

Committee

All

red

meat

consumers

To

reduce

cancer risk

on

Mean intake of
red meat and
meat

based

Nutrition (SACN 2010) to

dishes

reduce intake to 70g per

decreased

day

since

with

very

little

has

processed meat (500g per

1986/1987

week).

2000/2001

The

WCRF

recommends

to

(2007)
less

than

300g per week red meat
with very little processed.
Non-milk

< 11% food energy or

extrinsic

about 60g/day

All

NMES

Up

contribute

food

sugars

to

across

(NMES)

developmen

population

t of dental

groups

the

to

19%
energy
all

caries
Fat

Population average <35%

All

food energy

To
risk
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reduce

Mean

intake

of

35%

food

cardiovascu

energy

lar disease,
and reduce
energy rich
diets.
Saturated Fat

Population average <11%

All

To

food energy

reduce

Mean

intake

the risk of

13%

food

cardiovascu

energy

lar disease,
and reduce
energy
density

of

diets.
Non-starch

>18g/day

Adults

To improve

Mean

poly-

gastrointest

15.2g/d

saccarides

inal health.

men and 12.6g
per

intake

day

for
for

women.
Alcohol

No more than 3-4 units

Men aged 18+

To

reduce

60%

of

per day (Royal College of

the risk of

population

Physicians)

liver

exceed

disease,

recommendati

cardiovascu

on

daily

lar disease,
cancers,
No

more

than

2-3

units/day.

Women
18+

aged

injury from
accidents

44%

and

population

violence

exceed

of
daily

recommendati
on
Sodium

Reduce

population

Adults

To

chloride (salt)

average to a maximum of

risk

6g/day (FSA)

hypertensio
n

(DRV 2.4g sodium/day)

reduce
of
and

cardiovascu
lar disease

(Proportionally lower for
children)
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Mean

salt

intake 9.5g per
day

Vitamins

&

Minerals

Dietary Reference Values
(DRV)

(Department

All

of

Health 1991)
Folate

greater

than

or

To promote

Evidence

optimum

low intakes of

health

some vitamins

and

of

prevent

and

deficiency.

in different age

equals to 200µg/day

minerals

groups.

Vitamin B12 greater than
or equals to 1.5µg/day
Zinc

greater

than

or

equals to 7mg/day
Calcium greater than or
equals to 700mg/day
Dietary

DRV

Vitamin D

children, people aged 65
years

set

for

and

young

over

pregnant
breastfeeding

All

To

prevent

deficiency

Evidence

of

low status

in

and

most

and

groups,

women.

age

especially

Others with limited sun

older children,

exposure

young

should

also

require dietary intake.

adults

and

older

people

in

institutions.
Supplements

Vitamin D

Older

Adults,

To

achieve

Vitamin

D

housebound or

adequate

living

in

vitamin

institutions

or

status

and

institutional

who

eat

no

reduce

the

older people is

meat

or

oily

risk of poor

lower than in

bone health

free

fish

supplement
D

use

older

in

living
people.

Generally
Vitamins A & D unless

Children

adequate vitamin status

1-5

assured from diverse diet
including Vitamin A & D
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aged

low

intakes
older people

in

rich foods and moderate
exposure to sunlight

The Estimated Average Requirement (EAR) for Energy for adults is 2500 kcal
for men and 2000 kcal for women. For exact EAR for different age-groups
see below.

MEN

WOMEN

4-6 years

1710 kcal/d

1542 kcal/d

7-10 years

1968 kcal/d

1738 kcal/d

11-14 years

2214 kcal/d

1891 kcal/d

15-18 years

2749 kcal/d

2109 kcal/d

19 to 50 years 2531 kcal/d

1935 kcal/d

51 to 59 years 2531 kcal/d

1910 kcal/d

60 to 64 years 2371 kcal/d

1908 kcal/d

6. Could the St. Davids Peninsula Feed Itself?
Can Britain Feed Itself?
There are three main pieces of research that look at British areas and ask
whether they could become self-sufficient in Food: Mellanby (1975), Fairlie
(2008) and Hopkins et al (2008). Kenneth Mellanby (1975) asked the
question ‘Can Britain Feed Itself?’ his answer was yes but by consuming less
meat. Fairlie (Fairlie 2008) did a more recent update of ‘Can Britain Feed
Itself?’ using Mellanby’s workings as a basis. He also found that Britain can
feed itself, again with less meat consumed, and even by organic agriculture.
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Hopkins et al (2008) asked the question ‘Can Totnes and District feed
itself?’. Using Fairlie’s livestock permaculture model and other information
they estimated the food foot print (refers to the amount of land in total that
it would take to meet the basic food needs of a given settlement) of Totnes
and surrounding towns and cities. They found that although Totnes could
probably supply it’s needs from under 20km2 of surrounding land, the towns
of Torquay and Paignton had food footprints that included Totnes. In terms
of the St. David’s Peninsula it would be interesting to see how far the food
footprint of the nearest big town of Haverfordwest (population 10,812)
extends.
Fairle’s models (2008) are worth looking at in further detail. He modelled six
different agricultural regimes: chemical, organic and permacultural each
with or without livestock. As Fairlie recognises, his figures are rough guides
only but they may be used to give and indication of whether the population
of the St. David’s peninsula could feed themselves given the land
availability.
Summary of number of people fed per ha of land (arable and pasture
combined where applicable) (adapted from Fairlie 2008). Number
fed per acre in brackets.
Chemical

Organic

Permaculture

Vegan

20 (8.1)

8 (3.2)

8.5 (3.4)

With Livestock

5.6 (2.3)

3.75 (1.5)

4.4 (1.8)

In terms of minimisation of land used for agriculture the vegan models are
better than livestock. To propose that the whole of the St. David’s peninsula
population excludes meat and dairy products from their diets is considered
here to be to extreme a change to make given present consumption levels.
Therefore only the chemical, organic and permaculture livestock models
have been considered and reproduced below in more detail.
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Chemical with Livestock. Population 60.6 million. Agricultural land 18.50
million hectares. Forestry etc, 3.69 million hectares (figures reproduced
below) 1 hectare of arable plus 1.5 hectares of pasture feeds 14 people.

CONSU

CALORI

UK

MPTION

ES

ARAB

PERM’

ROUGH

PRODUCT

LE

PASTU

PASTU

DIET

ION

LAND

RE

RE

gms/pe

Kcal/per

Million

Tonne

1000

1000

1000

rson/da

son/day

tons

s/ha

ha

ha

ha

y
Cereals

for

IN

YIELD

per

yr

500

1700

11.06

7.3

1515

Potatoes

453

300

10

44

227

Sugar

32

100

0.707

9

78

and

500

150

Milk (inc butter,

568

330

human food

Vegetables

400

Fruit
12.5

7.0/co

cheese etc)

w

Beef

56

Cereals

1252

150

for

1.24

0.43

6.69

7.1

0.31

0.084

2758
917

animal feed
Sheep
Land

14
available

37
2767

3690
6335

5711

6462

1946

2953

2772

(Total Calories)
Spare land
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Land used

4389

2758

3690

Organic with Livestock. Population 60.6 million. Agricultural land 18.50
million hectares. Forestry etc, 3.69 million hectares. One hectare of arable
plus one hectare of pasture feeds 7.5 people.

CONSU

CALORIES

UK

MPTION

IN DIET

for

ARABL

PER

ROUG

PRODU

E

M’

H

CTION

LAND

PAST

PASTU

URE

RE

gms/pe

Kcal/perso

Million

Tonnes/h

1000

1000

1000

rson/da

n/day

tons

a

ha

ha

ha

y
Cereals

YIELD

per yr

500

1700

11.06

4.3

2572

Potatoes

453

300

10

25

400

Sugar

32

100

0.707

7.5

94

Vegetables and

500

150

568

330

12.5

5.8/cow

56

150

1.24

0.29

for

2.936

4

657

Cereals for beef

1.656

4

328

0.31

0.084

human food

450

Fruit
Milk(inc butter,

1898

cheese etc)
Beef
Cereals

4100

dairy cows
cows
Sheep

14

37

26

3690

Land

available

2767

6335

5711

6462

Spare land

-1760

-149

2623

Land used

8095

4100

3690

(Total Calories)

Livestock Permaculture. Population 60.6 million. Agricultural land 18.50
million hectares. Forestry etc, 3.69 million hectares. One hectare of arable
plus 0.8 hectare of pasture supplies 8 people.
By the nature of this model using permaculture methods the table also
includes pigs, poultry, tractor or horsepower and timber.

CONSUM

CALORIES

UK

PTION

IN DIET

ARAB

PERM’

OTHE

PRODUCT

LE

PASTU

R

ION

LAND

RE

LAND

Tonnes/h

1000

1000

1000

a

ha

ha

ha

gms/pers

Kcal/person/

Million

on/day

day

tons

YIELD

per

yr
Cereals

for

448

1526

9.9

4.3

2302

Potatoes

453

300

10

25

400

Sugar

32

100

0.707

7.5

94

Vegetables

500

150

human food

100

and Fruit

(100)

Hemp and flax

5

0.303

3

100

kg/year
Horse

or

50

bio

463

27

fuel
Green manure
Milk

(inc

430
568

330

12.5

3.7/cow

2825

1765

33

86

0.735

0.4

for

Bacon 36

180

1.2

4.3

279

for

Egg/chic

50

2

4.3

465

24

0.2

0.084

2372

11

0.243
3

6000

butter, cheese
etc)
Beef

(grass

1740

reared)
Cereals
pigs
Cereals
hens/eggs

ken 30

Sheep

9

Leather

&

1.46kg/y

sheepskin

r

Wool

750kg/yr

Fish

11

Timber,
firewood
Wild meat
Land

5
used

10

0.11

2767

0.031
8095

4100

3690

7458

3555

8372

(total calories)

St. David’s Peninsula
Using Fairlie’s models the 4610 population of St. David’s Peninsula would
require 823 ha, from 6370 ha, to feed itself using chemical farming methods
(assuming lower consumption of meat). According to his organic livestock
model 1229 ha would be needed and according to his permaculture livestock
model 1037 ha would be needed. It would seem from this basic calculation
that there is more than enough land to feed the population. More detailed
modelling is needed however.
7. Modelling a diet
Robinson (2009) in her research on “Can Powys feed itself?” suggests the
following diet to feed the Powys population:-
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B’fast

MON

TUES

WED

THURS

FRI

SAT

SUN

2

Toast, butter

Bubble

Porridge

Mushroo

Pancakes

Mushroo

Scrambl

and a fruit

and

ms on

with fruit

ms,

ed eggs

preserve

squeak.

toast

preserve

potato

on 2

cakes,

slices of

tomatoes

toast

,
toast

Lunch

Chicken

Broad bean

Ploughma

Onion

Parsnip

Sweetcorn

Roast

soup

pate, toast

ns

tart and

and

pasties

chicken

and

and seasonal

seasonal

apple

Seasonal

bread

salad

salad

soup

vegetabl
es

Dinner

Vegetab

Cauliflower

Raw nut

Mutton

Bean

Homity pie

Jacket

le chilli

pie with roast

savoury

stew with

layer pie

(cheese

potatoes

with

potatoes and

pudding

potatoes

with

and potato

with

spelt

seasonal raw

with

and kale

cabbage,

pie) with

cheesy

rolls and

salad

steamed

potatoes

kale and

leek

seasona

seasonal

seasonal

l salad

vegetables

vegetables

and spelt
rolls
Apple
crumble

Stewed pears

Blackberry

Jam

Plum

Rhubarb

and apple

sponge

cake

crumble

pie

The advantage of this model diet is that all the ingredients could be sourced
from Wales and it contains adaptations for season. However, although
sounding filling, it contains some meals that would be a long way from an
average welsh diet e.g. raw nut savoury pudding. It also contains no snacks
and no fish. As discussed, for health reasons, the government recommends
that people eat at least one portion of white and one portion of oily fish per
week (SACN 2004). It is not clear whether this diet meets nutritional
guidelines.
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The Livewell diet
The Livewell report: a balance of healthy and sustainable food choices
(WWF 2011) produced as a collaboration between the World Wildlife Fund
(WWF) and Nutritionists at the Rowett Institute (Aberdeen) proposed a diet
termed the ‘Livewell 2020 diet’ (herein called the Livewell diet). The diet was
developed using linear programming, which is a widely used mathematical
modelling technique that has been used in other studies, to optimise the diet
for populations who need to meet different dietary recommendations. In this
instance the model optimised the diet by selecting quantities of food from a
list of food groups with the constraints of having to first meet set dietary
requirements and then minimise the Green House Gas Emissions (GHGE).
Recommended intakes for specific food groups had to be achieved in the diet
(i.e. fish, fruit and vegetables, red and processed meat). The fruit and
vegetable constraint in the model was based on the recommended ‘5-a-day’
message for a healthy diet, which is equivalent to a minimum of
approximately 400g/day for an adult. Based on the FSA recommendation for
fish intake, at least two portions of fish a week had to be included in the
diet, one of which had to be an oily fish. White fish is regarded as a good
low-fat source of protein and oily fish provide one of the main natural
sources of omega-3 fatty acids in the diet. An upper limit of 300g of red
meat per week (i.e. beef, pork, lamb, goat) of which very little if any should
be processed meat, was set in the model based on the public health goal set
by the World Cancer Research Fund (WCRF) in 2007. This recommendation
was based on scientific evidence suggesting that red or processed meats are
‘convincing or probable causes of some cancers’ (WCRF 2007). The model
was set up so that the diet also had to try and meet the Eatwell plate
proportions for the five food groups, or be as close to them as possible. The
final diet was checked for a wider range of micronutrients (i.e. vitamins A, C,
E, B6, niacin, thiamine, riboflavin, magnesium) to ensure that the diet
provided by the model met all dietary requirements.
30

This diet was chosen for this research as it meets nutritional guidelines and
attempts to meet a GHGE reduction of 25% by 2020 (WWF target). The
Wales Climate Change Act (WAG 2010) actually sets a more ambitious
target of a 40% reduction by 2020 which this diet is unlikely to meet but it
was considered the best model diet available at present.
Adjustments to the Livewell diet
The diet modeled is actually for a woman aged 19-50yrs old and converting
this diet into a diet for men is not an ideal methodology although the
authors of the paper do say ‘The diets derived from this model can be scaled
up for the energy requirements for an adult male while still meeting dietary
and GHGE targets, and the general principles of the diet would also apply to
children and the elderly’ (WWF 2011). On scaling up the diet for women the
recommendation for salt intake for instance, which is the same for men and
women, may be exceeded for the male diet.
The Livewell diet is based on what people are used to eating now which is
reflective of what food is available from supermarkets and the world wide
market. In terms of converting this to what can be grown locally some
changes have to be made. Bananas, chocolate and sesame seeds have been
removed and pasta (due to durum wheat not growing well in Wales) and rice
has been replaced by other carbohydrates. For a full list of changes that
have had to be made see the adapted menu below.
The diet also make no attempt to be seasonal and is not based on what can
be grown in the UK e.g. salads are assumed to be available all year round as
are peaches etc. It would be useful in the future if a UK grown diet were
developed with winter and summer variations. For the purpose of this
research it is assumed that as many vegetables as possible would be
preserved

for

winter

consumption

and

there

would

also

be

greenhouses/polytunnels to extend the season of production of some of the
fruit & vegetables.
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The Green House Gas Emission (GHGE) targets that the diet aims to adhere
to are based on foods available from across the world. Converting them to
ones that are grown locally may or may not mean that the diet still meets
the emission targets, data on this is limited. However one of the main
elements of the diet that has been changed to fit with reducing emissions is
a reduction in the amount of meat eaten; meat accounts for 57% of the
GHGE of the average diet recorded in the National Diet and Nutrition Survey
2001 (Henderson et al 2001). This main change in the diet is the same
whether the meat is sourced locally or globally so it is likely that the local
Livewell diet is still in line with reducing GHGE. Local sourcing may have a
greater impact on GHGE reduction e.g. livestock food would be grown locally
and not imported. It is known that a proportion of GHGE from livestock
production comes from deforestation in South America for the growth of
soya beans for feed (Plassmann and Edwards-Jones 2009).
When converting the diet to tonnes of raw ingredient a number of
assumptions have had to be made. These may or may not be correct and
affect the reliability of this study. In future it would be good to work more
closely with the researchers at the Rowett Institute to obtain more of the
data needed and test some of the assumptions made.
In terms of making use of what is already produced in Wales it would be
helpful for one of the meat dishes to be lamb.
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The Livewell diet (WWF 2011) is outlined below:-
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The Livewell diet adapted to be sourced from Wales:DAY

BREAKFAST

LUNCH

DINNER

SNACKS

1

wholegrain/ high

vegetable & lentil soup

chicken curry & 2 Pitta

apple

(instead of rice)

raspberries/strawberries

fibre cereal & semiskimmed milk

(frozen/ preserved out of
season)

white toast &

prawn mayonnaise

Biscuit

preserve

sandwich

100ml semi-skimmed milk
1 tsp of sugar

2

porridge

egg salad sandwich

chilli beef & kidney bean

Banana removed

(white bread)

tortillas with salad

Pear (replaces peach)

wholemeal toast &
spread

Scone & jam
yoghurt (full fat)

100ml semi-skimmed milk

fruit juice
3

1 tsp sugar

wholegrain/ high

tomato & rep pepper

Salmon with cream cheese

Pear

fibre cereal & semi-

soup with wholemeal

topping, new potatoes,

Grapes

skimmed milk

roll

broccoli & carrots

Biscuit
Crisps

fruit juice

yoghurt (low fat)

100ml semi-skimmed milk

wholemeal toast &

1 tsp sugar

spread
4

other breakfast

baked potato with

Chicken stir-fry and

Apple

cereal & semi-

baked beans & cheese

wholemeal rolls instead of

Biscuit

noodles

Cherries (replace nectarine)

skimmed milk
salad

Cake

fruit juice

5

Ice-cream &

100ml semi-skimmed milk

raspberries/strawberries

1 tsp sugar

wholegrain/ high

carrot & butterbean

Replace macaroni cheese

(chocolate bar removed)

fibre cereal & semi-

soup

with potato & cheese pie

pear

with salad

kiwi fruit replaced by

skimmed milk
ham & cream cheese
fruit juice

grapes

bagel

Sponge/cereal pudding

small packet nuts
100ml semi-skimmed milk
1 teaspoon sugar

6

other breakfast

cheese & tomato

Fish, oven chips & peas

Banana removed

cereal & semi-

sandwich (wholemeal

white bread & spread

Biscuit

skimmed milk

bread)

Cherries replace peach
100ml semi-skimmed milk

wholemeal toast &

yoghurt (low fat)

1 tsp sugar

preserve
7

poached egg, baked

Roast pork (roast lamb

Cheese toastie & salad

Grapes

beans, potato waffle

every other week),

(white bread)

Biscuit

& mushrooms

roast potatoes, cabbage

Apple

& gravy

100ml semi-skimmed milk

wholemeal toast &
spread

1 tsp sugar
Sponge/cereal pudding
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The WWF report converted the weekly diet into a weekly shopping list see
below.
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8. Livewell diet converted to tonnes of food needed
This list has been taken and adapted to the local Livewell diet for a woman
aged 19-50 years old. See Appendix 1 for table of calculations. The weekly
amounts were converted to daily and yearly amounts per woman and then
into yearly amounts for all women (2323) on the St. David’s Peninsula. The
diet for males was then calculated by scaling up the female diet by 25%.
This was then converted to tonnes per year needed for every man on the St.
David’s peninsula. For the purposes of this research it is assumed that all
people have the nutritional requirements of 19-50 yrs old even though 756
of them are 0-15yrs old and 1211 are over 60/65. This assumption was
made as these groups have lower energy requirements and it was
considered better to overestimate food needed than underestimate.
77g Biscuits were converted into 27g flour, 25g butter, 25g sugar. 98g
Buns, cakes, pastries were converted to 25g flour, 25g sugar, 25g butter,
23g eggs. 214g Puddings were converted to 55g flour, 54g sugar, 54g eggs,
54g butter. Ice cream was converted to 60% cream and 40% sugar.

ST DAVID’S PENINSULA FOOD REQUIREMENTS FOR 1 YEAR
Total
Food Group

e.g

Tonnes

Starches

Flour- ingredient for biscuits, buns & cakes

29

White bread

206

Wholegrain bread

176

wholegrain & high fibre breakfast cereal- assume wholegrain
wheat

38

Other breakfast cereal- assume cornflakes- maize

19

Oats

43

Potatoes

254

37

Fruit & Veg

Carrots, turnips (cooked)

36

Tomatoes (Tinned & raw)

135

Peas (frozen, canned, mushy)

47

Cabbages etc (cooked)

26

Cauliflowers, broccoli, spinach

25

Cucumber

30

Lettuce

36

mushrooms (fried)

30

onions

59

Pepper (raw)

76

Sweetcorn (canned, on the cob)
Apples, pears

Milk & Dairy

Protein sources

8
193

Grapes, kiwis, cherries

42

Raspberries, strawberries, blueberries

38

Fruit Juice

170

semi- skimmed milk

433

cheese

55

yoghurt full fat

42

yoghurt low fat

79

Cream for ice cream

11

Butter for cakes

28

Eggs- inc eggs for baking

53

Ham

6

Pork (cooked)

25

Beef (cooked)

25

Chicken (cooked)

55

White fish

44

Shellfish

13
38

Oily fish

32

Nuts

7

Beans- inc baked beans

73

Lentils- are not currently grown but trials show could be
possible.

15

Low fat spread

26

sugar including for baking & preserves

51
2789

How does this diet compare to Fairlie’s (2008) proposed diet?
Fairlie’s diet does not provide enough fruit & vegetables to meet nutritional
requirements. His figures for fruit and vegetable consumption are based on
people’s present intake. People are unfortunately not eating enough fruit
and vegetables. The average intake is 224g per day (Henderson et al 2002)
which compares to the recommended 400g per day (5 portions). The
Livewell

diet

contains

recommendation

(see

slightly

more

fruit

below).

Fairlie’s

and

diet

is

vegetables
also

very

than
high

the
in

cereals/potatoes, 44% of his diet is cereal or potato compared to 29% of the
Livewell diet. His diet is also very high in dairy products, 27% of his diet is
made up of milk and milk products compared to 15% in the Eatwell and
Livewell model diets. As well as being high in fat dairy products are also big
contributors to GHGE so lower amounts in the diets are likely to be more
sustainable. Beef and lamb comprise 3% of Fairlie’s chemical/organic with
Livestock diet. The Livewell diet recommends slightly more meat; 4% meat
with 3% fish, 1% eggs, 0.3% nuts and seeds and 4% pulses. There is also
more sugar in the Livewell diet than in Fairlie’s.
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9. How much land would be needed?
Methodology
To convert foods to land needed to produce the model diet foods using nonorganic fertilizers and pesticides (herein termed chemical) the 2011 John Nix
Farm Management Pocketbook (Nix 2010) yield figures have been used.
Similarly for organic systems the 2009 Organic Farm Management Handbook
(Lampkin et al 2008) has been used. Assumptions that have been made in
the calculation of the figures are discussed under each food group. Figures
have been rounded to one decimal point. It must be stressed that this
methodology is in the early stages of development. In converting the model
diet to land needed to produce it, changes and assumptions have had to be
made that need further investigation. This research is only an attempt to try
and answer the question of whether a certain area can feed itself.

White Bread
The population of St. David’s peninsula, eating the model diet outlined would
consume 206 tonnes of white bread, that is 228,889 loaves a year (average
loaf 900g) and 627 loaves a day.
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To make a 900g loaf of bread requires 700g of flour (Smith 1998) therefore
700/900*206 tonnes (t) = 160t of flour are required to make 206t of bread.
Typical milling yields (amount of flour from wheat) are 70-75% of wheat
grain (bran and germ removed). The lower figure of 70% has been used to
ensure more than adequate supply. Therefore 0.7*160= 228t wheat needed
for bread making.
Plain White Flour
29t of plain white flour would be needed. Therefore would need to grow
0.7*29= 41t of wheat for cake baking etc.
Wholegrain bread
176t of bread (195,555 loaves) converted into flour tonnage would be
700/900*176= 137t wholegrain flour. As the 100% of the wholegrain is
used to make wholegrain flour it is assumed 137t of wheat are needed for
the wholegrain bread.
Wholegrain breakfast cereal
As the exact content of the wholegrain breakfast cereal is unavailable an
assumption is made that 70% of it is made from wholegrain wheat and 30%
from oats. 38t breakfast cereal is needed. Therefore 0.7*38= 27t wheat
(oats needed will be calculated below)
Total wheat for direct human consumption
Total

amount

of

wheat needed per

annum=228+41+137+27=

433t

(228+137=365t for bread (228,889 + 195,555= 424,444 loaves a year,
1163 loaves a day)
Land needed to produce chemically
Average yield winter (milling) wheat is 7.7 tonnes per hectare (t/ha) for 1st
crop. 2nd crop yields are generally 10% lower (Nix 2010)=0.9*7.7= 6.93
t/ha. Spring wheat is 5.75 t/ha. An average of 7 t/ha is assumed as this
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correlates with the lowest yields noted by CALU cereal research (CALU
2009). Therefore 433 tonnes= 433/7= 62 ha
Land needed to produce organically
Winter wheat 5 t/ha, Spring wheat 4 t/ha (Lampkin et al 2008), average 4.5
t/ha. 433 tonnes= 433/4.5= 96.2 ha
Total hectares currently growing wheat in St. Davids peninsula= 131 (WAG
2010).
Maize for Cornflakes
Historically weather conditions have meant that it was hard to ripen maize.
But according to Nix (2010) a combination of earlier varieties, the
development of machinery that copes with wet conditions, and even possibly
the effects of warmer summers have improved the prospects of this crop.
Chemical yields are 7.5 t/ha (Nix 2010). The assumption here is that all of
the maize grain is turned into cornflakes. 19t of cornflakes would be made
from 19t of maize (assuming that added sugar is a comparatively
insignificant amount). 19/7.5= 2.5 ha.
Organic yields- as no figure in Lampkin et al (2008) assume Nix’s yield
prediction of organic yield being 60% of chemical=7.5*0.6= 4.5 t/ha,
19/4.5= 4.2 ha.
Oats
According to trials by CALU (2009) oats are a very suitable crop for Wales.
The St. David’s peninsula would need to grow 43t of oats and 30% of 38
tonnes (for wholegrain breakfast cereal)= 0.3*38=11. Total= 54t. Average
chemical winter yield (Nix 2010) is 6.4 t/ha= 54/6.4= 8.4 ha.
Organic winter oats yield (Lampkin et al 2008) = 4.5 t/ha= 54/4.5= 12 ha.
Current land growing Oats= unknown but 24 ha of ‘other cereals’ which may
already include between 8.4 and 12 ha of oats.
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Potatoes
254 tonnes of potatoes would average chemical main crop yield (Nix 2010)=
45 t/ha= 254/45= 5.6 ha
Organic yield main crop (Lambkin et al 2008)= 25 t/ha= 254/25= 10.2 ha.
The Current land growing potatoes in the St. David’s peninsula is 243 ha,
nearly fifty times more land than is needed to feed the local population
chemically. 243 ha would produce=243*45= 10,935t= 10,935,000 kg
potatoes (average person according to diet modelled eats 151g per
day=55kg per year) this is enough to feed 198,882 people nearly 7% of the
Welsh population.
It is interesting to note that Fairlie (2008) allocates 500g of potatoes per
person per day, more than three times the amount in this diet modelled.
Vegetables
The only vegetable yield quoted in Nix 2010 is= 41 t/ha for onions. Fairlie
(2008) uses a blanket yield figure for all fruit and vegetables of 28 t/ha for
chemical and 25 t/ha for organic. Vijoen et al (2005) note that during World
War Two, Britain was able to achieve yields of up to 40 t/ha from allotment
and back garden vegetable production.
Carrots
Carrots in the model are cooked. The assumption is that cooked carrots are
heavier but that peeling and topping the carrot compensates so cooked
carrot weight is equal to uncooked whole carrot.
Lampkin et al (2008) show an organic carrot yield of 36 t/ha= if we use the
assumption that organic yields on average 60% of chemical then chemical
yield would be 36/0.6=60 t/ha . 36 tonnes of carrots/ turnips needed. The
assumption is that 50% will be carrots and 50% turnips= 18t carrots.
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Chemical carrots= 18/60=0.3 ha
18/36= 0.5 ha of organic carrots
Turnips
18t cooked turnips needed. Assume as above that equal weight to uncooked
whole turnip.
Lampkin et al (2008) yield for table swede= 25 t/ha. Assume as above
organic yield is 60% of chemical yield= 42 t/ha.
Chemical turnips= 18/42= 0.4 ha
Organic turnips= 18/25= 0.7 ha
Tomatoes
Swedish greenhouses manage a yield of 420 t/ha (the record is 450 t/ha)
compared with the annual yields of about 36 t/ha in Florida field tomatoes
(Lagerberg & Brown 1999). In the absence of yield data from Nix (2010) or
Lampkin et al (2008) a conservative assumption of 30 t/ha for St. David’s
peninsula polytunnel/greenhouse seasonally, chemically produced (not
heated) will be assumed.
10kg of fresh tomatoes makes 7.5kg of canned tomatoes (Sandler & Acton
2004). The assumption is that 60% of the tomatoes bought for the diet
modelled will be canned and 40% fresh. This is because two of the recipes,
chilli beef and tomato and red pepper soup require tinned tomatoes (as well
as baked beans) and raw tomatoes are only in one cheese and tomato
sandwich and part of side salads. Out of the tomato season the fresh tomato
would have to be replaced by preserved e.g. sun-dried tomatoes.
135t required. 81t tinned tomatoes converted to fresh would be 108t fresh
(divided by 0.75) plus 54t fresh tomatoes= 162t.
Chemical tomatoes= 162/30= 5.4ha of tomatoes in non-heated
polytunnels/greenhouses.
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Organic tomatoes=assume yield 60% of chemical = 0.6*30= 18 t/ha,
162/18= 9 ha of tomatoes in non-heated polytunnels/greenhouses.
Peas
These are the peas in the diet modelled that are eaten with fish and chips.
47t of canned/mushy peas. Assume 50% dry peas= 47*0.5= 23.5t
Chemical yield (Nix 2010)= 3.75t/ha dry peas= 23.5/3.75= 6.3ha
Organic Yield (Lampkin et al 2008)= 3.5t/ha dry peas= 23.5/3.5= 6.7ha
Peas are a good crop in a rotational system. They could for example follow
winter oats.
Cabbages
Assume uncooked cabbage weight= 1kg and cooked= 1.25kg. 26t cooked
needed= 26,000kg= 26,000/1.25= 20,800 cabbages
Chemical yield unavailable in Nix therefore assume organic yield 60% of
chemical. Organic marketable yield (Lampkin et al 2008)= 30,000 per
hectare=30,000/0.6= 50,000. Therefore 20,800/50,000= 0.4ha
Organic yield = 30,000= 20,800/30,000= 0.7ha
Cauliflower, broccoli, spinach (cooked)
Assume equal amounts of all. Therefore 25 tonnes cooked vegetables
assuming would be 25% heavier than raw. Therefore need 25/1.25= 20
tonnes= 20/3= 6.7 tonnes of each raw.
Cauliflower marketable organic yield (Lampkin et al 2008)= 13,800 per
hectare. Average weight of cauliflower= 1kg. Therefore. 13,800kg per
hectare or 13.8 t/ha.
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Chemical yield= Organic yield 60 % of chemical yield=13.8/0.6= 23 t/ha.
6.7/23= 0.3ha
Organic cauliflower yield= 6.7/13.8= 0.5 ha
Broccoli organic Marketable yield (Lampkin et al 2008)= 5t/ha. Chemical
therefore 5/0.6= 8.33 t/ha= 6.7/8.33=0.8 ha
Organic broccoli= 6.7/5= 1.3 ha
Spinach= no yield data available so will use conservative estimate of
broccoli yield=chemical spinach yield= 8.33 t/ha = 6.7/8.33= 0.8 ha
Organic spinach= 6.7/ 5= 1.3 ha
Cucumber
A yield of 190 glasshouse grown cucumbers per m2 is the conservative
estimate of yield from the UK cucumber growers association
(www.cucumbergrowers.ac.uk)= 1.9 million per hectare. Average weight of
cucumber= 0.4kg= 0.0004 tonnes.= 1,900,000*0.0004= 760 t/ha. These
figures are for heated greenhouse production. To correct for this a more
conservative estimate of a yield of 25% of this chemical yield will be taken=
190 t/ha. 30 tonnes of cucumbers could be produced on 30/190= 0.2 ha.
Organic yield- assume 60% of chemical= 190*0.6=114 t/ha. Therefore
30/114= 0.3 ha
Lettuce
36t needed. If the average lettuce weighs 500g= 0.5kg= 0.0005
tonnes=36/0.0005= 72,000 lettuces needed. Organic yield for Cos lettuce is
40,200 per ha (Lampkin et al 2008). Chemical yields assume would
therefore be 40,200/0.6= 67,000 per ha
Chemical lettuce land area= 72,000/67,000= 1.1ha
Organic lettuce land area= 72,000/40,200= 1.8ha
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Mushrooms (fried)
Assume mushrooms are 25% lighter when fried. Need 3t fried= 30/0.75=
40t fresh mushrooms.
Nix (2010) average yield 30kg/m2 (using phase 2 (inoculated) compost)=
0.03t per m2= 300 t/ha. 40 tonnes produced on 40/300= 0.1 ha.
Assume Organic 60% of chemical= 300*0.6= 180 t/ha= 40t= 40/180= 0.2
ha
Onions
59t needed. Chemical yield (Nix 2010)= 41 t/ha. 59/41= 1.4 ha
Organic yield (Lampkin et al 2008)= 20 t/ha= 59/20=2.9 ha
Pepper (raw)
Pepper yield= no data therefore assume 50% of tomato yield= 15 t/ha.
Need 76 t peppers= 76/15= 5 ha grown in polytunnels
Organic yield= 15*0.6= 9 t/ha= 76/9= 8 ha of peppers grown in
polytunnels
The model diet includes raw pepper all year round. To achieve this heated
polytunnels/ greenhouses would have to be used. This could have a large
environmental impact e.g. in terms of increased carbon emissions. For the
purpose of this study the assumption is that the peppers are grown
seasonally and then preserved for the year.
Sweetcorn
Need 8 tonnes. No yield data available for chemical sweetcorn therefore will
convert organic yield to chemical assuming organic 60% of chemical yield.
2.7/0.6= 4.5t/ha= 1.8 ha
Organic yields (Lampkin et al 2008)= 30,000 cob/ha= assume average 90g
corn per cob= 30,000*0.09= 2700 kg/ha= 2.7 t/ha= 8/2.7= 2.9 ha
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Apples including for fruit juice, Pears
193t needed. Assume 70% Apples, 30% Pears= 135 tonnes apples, 58t
pears.
Apple chemical yield (Nix 2010)= average= 35 t/ha= 135/35= 3.9ha of
apple orchard.
Apple average organic production (Lampkin et al 2008)= 10.4t/ha=
135/10.4= 13 ha apple orchard.
Apples for Fruit Juice. Assume all apple juice. Assume 3t apples make 2t
juice. 170t juice requires 170*1.5=255t apples.
Apple chemical yield (Nix 2010)= average= 35 t/ha= 255/35= 7.3 ha of
apple orchard for juice.
Apple average organic production (Lampkin et al 2008)= 10.4 t/ha=
255/10.4= 25 ha apple orchard for juice.
Total apple orchards needed for eating & juicing
Chemical, 3.8+7.3= 11.1 ha

Organic,13+25=38 ha

Pears chemical yield (Nix 2010)= 22.5 t/ha, 58 tonnes pears= 58/22.5= 2.6
hectares
Pears organic yield (Lampkin et al 2008)= 8 t/ha= 58/8= 7.25 ha
Grapes, cherries (kiwis)
There is no yield data for kiwi and it is not clear whether kiwi’s would crop
well in Wales therefore kiwis are going to be excluded and replaced by
grapes and cherries. 42t of all of the above. Therefore assume 21 tonnes
grapes and 21t cherries.
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Grapes= UK average yield (Nix 2010)= 8.65 t/ha. Presuming vines should
grow in the peninsula. 21 tonnes= 21/8.65= 2.4 ha
Organic= assume 60% of 8.65 t/ha= 5.2 t/ha= 21/5.2= 4 ha
CALU Sweet cherry factsheet reports cherries having yields of 4 to 9 t/ha
(CALU 2009). Average= 6.5 t/ha (polytunnel) 21 tonnes= 21/6.5= 3.2 ha
cherries in polytunnels.
Organic, assume 60% of chemical= 6.5*0.6= 3.9 t/ha. 21/3.9= 5.4 ha
cherries in polytunnels.
Raspberries, strawberries
Assume 50% of each. 38/2= 19 t
Strawberries, chemical (ever bearers) in polytunnels= average 25 t/ha (Nix
2010). 19 t= 19/25= 0.8 ha
Outdoor strawberry organic yields less (Lampkin et al 2008)= 7.3 t/ha on
average= 19/7.3= 2.6 ha
Raspberries, chemical in polytunnels= average 11.5 t/ha (Nix 2009).
19/11.5= 1.7 ha
Raspberries, organic, assume 60% of chemical yield=0.6*11.5= 6.9 t/ha=
19/6.9= 2.8 ha
Milk
433 t Semi-skimmed milk needed. Assume it is 2% butterfat compared to
whole milk which is 4% butterfat. The 4% butterfat is in the cream portion
which makes up 10% of milk volume. To halve butterfat content to 2%
would require skimming off 5% total milk volume as cream. Therefore
433/0.95= 455.8t whole milk required (9.1t butterfat removed).
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Average 2 cows per hectare (grazing and silage) (Nix 2010), 7000 litres per
cow per year. 1 litre= 1kg. Therefore 7000 litres= 7t. To produce 455.8t of
milk would require 455.8/7= 66 cows= 66/2= 33 ha grazing.
Plus grazing for ‘dairy followers’. According to Nix (2010) the replacement
rate needed is 25% (nearly 1 calf/yearling/heifer for every 3 cows)=
66*0.25= 16.5 who need grazing at 0.58 ha per heifer= 0.58*16.5= 9.6 ha.
Chemical total grazing for 66 cows plus 16.5 followers= 33 + 9.6= 42.6 ha
grazing/silage
For organic cows yield= 6200 litres per cow (6.2 t per cow), 1.5 cows per
hectare (Lampkin et al 2008). To produce 455.8 t would require 455.8/6.2=
74 cows= 74/1.5= 49.3 ha.
Assume same ratio dairy follower’s as chemical= 74*0.25=18.5 followers,
needing more grazing area 0.58/0.6= 0.97 ha each=0.97*18.5= 18 ha for
followers
Total land, Organic, for grazing 74 cows and 18.5 followers= 49.3+18= 67.3
ha

Land needed to supplement grazing with concentrates
It is assumed that all the supplementary food will be grown locally also. For
simplicity this has been broken down into 2 crops, barley and peas. It may
be this is an over simplification but it gives an idea of the amount of land
that might be required.
Chemical feed= 2 t per average cow per year (Nix 2010). 66*2= 132 t
Heifer= 0.8t per average heifer per year= 16.5*0.8= 13.2 t
Total= 145.2 t
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Assume barley 70%= 0.7*145.2= 101.6 t and peas 30%= 0.3*145.2=
43.6t. Barley average yield= 6.9 t/ha. Therefore 101.6/6.9= 14.7 ha
Dry Peas average yield= 3.75 t/ha. Therefore 43.6/3.75= 11.6 ha
Total= 14.7+11.6= 26.3 ha
For organic= 1.8 t (concentrates and purchased bulk feeds) per cow per
year (Lampkin et al 2008)=74*1.8=133.2 t
Heifers= 0.55 t= 18.5*0.55= 10.2 t
Total= 143.4 t
Assume barley 70%= 0.7*143.4= 100.4 t. yield= 4.5 t/ha (Lampkin et al
2009)= 100.4/4.5= 22.3 ha
Peas 30%= 0.3*143.4= 43 t. Yield 3.5 t/ha (Lampkin et al 2008)= 43/3.5=
12.3 ha
Total= 22.3+12.3= 34.6 ha
Peas- De hulling
There is some evidence that dehulling peas for the purposes of animal feed
increases the nutrient availability and increases the percentage of protein
(BOBL 2012).

Cheese
For purposes of calculation for rest of dairy products 455.8 t of chemical
milk requires 42.6 ha land for grazing/silage. Therefore per tonne of
chemical milk the following are required:42.6/455.8= 0.1 ha grazing/silage
14.7/455.8= 0.03 ha barley
11.6/455.8= 0.03 ha peas
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For 1 tonne of organic milk the following are required:67.3/455.8= 0.15 ha grazing
22.3/455.8= 0.05 ha barley
12.3/455.8= 0.03 ha peas
55 tonnes chemical hard cheese requires 550 tonnes milk, 550/7=79 cows,
requiring
550*0.1 = 55 ha grazing
550*0.03= 16.5 ha barley
550*0.03=16.5 ha peas
Organic hard cheese, 550/6.2= 89 cows, requiring
550*0.15=82.5 ha grazing
550*0.05=27.5 ha barley
550*0.03= 16.5 ha peas
Full fat yoghurt
Chemical, 42 tonnes full fat yoghurt requires 42 tonnes full fat milk (42/7=
6 cows)
42*0.1= 4.2 ha grazing/silage
42*0.03= 1.3 ha barley
42*0.03= 1.3 ha peas
Organic, 42 tonnes full fat milk (42/6.2= 7 cows)
42*0.15= 6.3 ha grazing/silage
42*0.05= 2.1 ha barley
42*0.03= 1.3 ha peas

Low fat Yoghurt
79 tonnes needed. 2% fat compared to 4% in full fat would yield 1.6 tonnes
butterfat that could help towards making butter. Need 83.2 t full fat milk to
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make 79 t low fat yoghurt (79/0.95=83.2 removing half the cream at 10%
cream from whole milk)
Chemical, 83.2t (83.2/7= 12 cows) yoghurt requires
83.2*0.1= 8.3 ha grazing/silage
83.2*0.03= 2.5 ha barley
83.2*0.03= 2.5 ha peas
Organic (83.2/6.2= 13 cows) yoghurt requires
83.2*0.15= 12.5 ha grazing/silage
83.2*0.05= 4.2 ha barley
83.2*0.03= 2.5 ha peas
Cream
Assume 40% fat on average. 110 t milk makes 11 t cream. Therefore we
need an extra 110 t of milk (an extra 110/7= 16 cows) just to make the
cream- the milk under this model diet is surplus to requirements, it is a
waste product. A number of options are available in this system e.g. keep it
as it is and use the excess milk to feed livestock e.g. pigs, adjust the diet so
there is less butter/cream, or use jersey cows to produce milk which has a
higher butterfat content than the higher yielding friesian cow.
Chemical
110*0.1= 11 ha grazing/silage
110*0.03= 3.3 ha barley
110*0.03= 3.3 ha peas
Organic, 110 t milk (110/6.2= 18 cows)
110*0.15= 16.5 ha grazing/silage
110*0.05= 5.5 ha barley
110*0.03= 3.3 ha peas
Butter
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Need 28 t in total. 9.1 t butterfat from skimming milk. 1.6 t butterfat from
low fat yoghurt= 10.7 t. 10.7/0.82 (assume butter is 82% butterfat) = 13
tonnes butter. 28-13= 15 t extra needed.
Need 15 t butter which is 0.82*15= 12.3 t butterfat
If milk is 4% butterfat= 12.3/0.04= 307.5 tonnes milk (307.5/7= 44 cows)
have to be produced just to make butter. In this model all this milk, as with
the milk from the cream, will be surplus to requirements.
Chemical 307.5*0.1= 30.8 ha grazing & silage
307.5*0.03= 9.2 ha barley
307.5*0.03= 9.2 ha peas
Organic (307.5/6.2= 50 cows)
307.5*0.15= 46.1 ha grazing/silage
307.5*0.05= 15.4 ha barley
307.5*0.03= 9.2 ha peas
Total Area for dairy food production (hectares)

Milk
Cheese
Full fat yoghurt
Low fat yoghurt
Cream
Butter
Total

CHEMICAL
cows grazing barley
no.
66
42.6
14.7
79
55
16.5
6
4.2
1.3
12
8.3
2.5
16
11
3.3
44
30.8
9.2
223

151.9

47.5

peas cows
11.6
16.5
1.3
2.5
3.3
9.2

74
89
7
13
18
50

44.4 251

ORGANIC
grazing barley peas
67.3
82.5
6.3
12.5
16.5
46.1

22.3 12.3
27.5 16.5
2.1 1.3
4.2 2.5
5.5 3.3
15.4 9.2

231.2

77 45.1

Eggs
53 t eggs needed per year= each eggs weighs on average 50g= 0.00005
t=53/ 0.00005= 1,060,000 eggs per year. Each hen in chemical free range
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system lays on average 300 eggs (Nix 2010)= 1,060,000/300= 3533
chickens. Each chicken eats 50kg per year= 0.05 t= 3533*0.05= 176.7
tonnes per year needed. Assume this comes from feed wheat.
Chemical yield= 8.35 t/ha= 176.7/8.35= 21.2 ha
Hens in organic free range system lays on average 280 eggs per year
(Lampkin et al 2008). 1,060,000/280= 3786 chickens. Each chicken eats
50kg per year (Lampkin et al 2008)= 0.05t=3786*0.05= 189.3 t per year
needed. Assume feed wheat.
Organic yield (Lampkin et al 2008)= 5 t/ha=189.3/5= 37.9 ha
Area for free range chickens= 4 birds per m2 (Lampkin et al 2008)=
4*10000= 40,000 birds per hectare. Need 3533 hens therefore area to
keep= 3533/40,000= 0.09 ha
Pigs
6t ham, 12.5t pork= 18.5 t
Average slaughter weight= 71kg. Assume 25% not used, bones etc.= 53.3
kg available. Therefore need 18.5/0.0533= 348 pigs needed
1 outdoor sow rears on average 21.6 weaners per year (Nix 2010).
348/21.6= 16.1 sows. Concentrates per sow including for boar and
weaners= 2.6 t (Nix 2010)= 16.1*2.6= 41.9 t
To fatten weaners with chemical concentrates=181kg per pig= 0.181 t per
pig= 348*0.181= 63 t
Total 41.9+63= 104.9 t
Assume Concentrates 50% barley and 50% pulses= 0.5*104.9= 52.5 t of
each=
Chemical
52.5 t barley=6.9 t/ha= 52.5/6.9= 7.6 ha
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52.5 t peas= 3.75 t/ha= 52.5/3.75= 14 ha
Organic sows, average 18 weaners reared per sow per year (Lampkin et al
2008)= 348/18= 19.3 sows. Concentrates per sow= 2 t= 19.3*2= 38.6 t
To fatten weaners organic concentrates= 240kg per pig= 0.24 t per pig=
348*0.24= 83.5 t.
Total food for pigs= 38.6 + 83.5= 122.1 t
Assume Concentrates 50% barley and 50% pulses. 0.5*122.1= 61.1 t
61.1 t barley= 3.7 t/ha=61.1/4.5= 13.6 ha
61.1 t peas= 3.5 t/ha=61.1/3.5= 17.5 ha
It could be argued that pigs should be fed on waste products e.g. milk/whey
that are left over from the dairy element of the diet and vegetable
seconds/peelings etc.. from vegetable production.
Area for pigs
Chemical, most common stocking rate= 20 per hectare (Nix 2010)= 348
weaners (in 2.25 litters i.e. just over 2 batches, 1 at a time) = 348/2.25=
154.7+ 16.1 sows= 170.8/20= 8.5 ha
Organic (can be used in a crop rotational system or in silvopastoral system
under e.g. orchards or nut trees) (Lampkin et al 2008) Average 2.31 sows
(including boar and weaners) per hectare = 19.3 sows = 19.3/2.31= 8.4 ha
Lamb
Need 12.5 t
Finished lamb live weight = 39kg, assume carcass weight of 22 kg and 75%
used weight= 0.75*22= 16.5kg. 12.5 t/0.0165= 758 lambs needed. Need
ewes to produce lambs= 758/1.45 (number of lambs per ewe)= 523 ewes
(Nix 2010). Average stocking rate= 10 ewes with lambs per ha (Nix 2010) =
523/10= 52.3 ha
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Chemical concentrates (Nix 2010) ewes 58kg per head per year & lambs 8kg
per head per year= (0.058*523)+ (0.008*758)= 36.4 t
Assume 50% maize and 50% oats =18.2 t each.
Maize yield= 7.5 t/ha, 18.2/7.5= 2.4 ha
Oats yield= 6.4 t/ha, 18.2/6.4= 2.8 ha
Organic stocking rate (lowland)= 9.1 ewes with lambs per ha (Lampkin et al
2008) 523 ewes= 523/9.1= 57.5 ha
Organic concentrates, 30kg per ewe pa (Lampkin et al 2009). No figure
given for lamb concentrates so assume same proportion as for chemical i.e.
8/58= 0.14*30= 4.2 kg per lamb. 523 ewes= (523*0.03= 15.7 t) + 758
lambs (758*0.0042= 3.2 t). Total= 15.7 + 3.2= 18.9 t. Assume 50%
maize and 50% oats = 18.9/2= 9.5 t each.
9.5 t maize= yield 4.5 (60% of 7.5 chemical yield (Nix 2010))=9.5/4.5= 2.1
ha
9.5 t oats= yield 4.5 t/ha (Lampkin et al 2008)=9.5/4.5= 2.1 ha
Beef
25 t needed.
Assume 300kg dead carcas weight, of which assume 75% used= 300*0.75=
225kg= 0.225 t. 25/0.225= 111.1 rounded up to 112 beef cattle finished at
24 months needed per year.
Assume spring calving, suckler cow, self-contained herd for beef production.
Calves reared per 100 cows mated = 90 (Nix 2010) minus 0.15 calves per
cow retained for replacement of herd (Lampkin et al 2008)=100*0.15=15,
90 minus 15 calves= 75 calves for beef production, minus 1% mortality (Nix
2010)= 0.01*75= 0.75= 75-0.75= 74.25. For 112 calves need=
112/0.7425= 150.8 suckler cows. Plus 1 bull per 35 cows (Nix 2010)=
150.8/35= 4.3 bulls. Average spring calving forage hectares per cow = 0.56
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ha per cow (Nix 2010) = Total cows and bulls= 150.8+4.3= 155.1=
155.1*0.56= 86.9 forage hectares needed.
Concentrates needed = £20 worth per cow (Nix 2010), if assume same cost
feed as for finishing stores= £175 per tonne (Nix 2010)= 20/175= 0.13t per
cow per year needed= 0.13*155.1= 20.2t. Assume Barley at yield 6.9t/ha
(Nix 2010)= 20.2/6.9= 2.9ha
To finish suckler bred stores need 575kg concentrates (winter finishing of
suckler bred stores) (Nix 2010)= 0.575t*112=64.4t. Assume rolled barley.
Yield= 6.9t/ha= 64.4/6.9= 9.3ha barley. Plus 3.25t per head silage=
112*3.25= 364t. Silage yield (grass other)= 45 t/ha (Nix 2010)= 364/45=
8.1ha silage
Number of suckler bred stores per ha= 8 (Nix 2010)= 112/8= 14ha
Total Chemical land for beef
Total forage hectares (including silage) for cows, calves and stores=
86.9+14+8.1= 109ha
Total area for supplemental food (barley & silage)= 2.9+9.3= 12.2ha
Organic
Assume spring calving, suckler cow, self-contained herd for beef production.
Calves reared per 100 cows mated = 94 (Lampkin et al 2008) minus 0.15
calves per cow retained for replacement of herd (Lampkin et al 2008)=
100*0.15=15, 94 minus 15 calves= 79 calves for beef production, minus
5% mortality (Lampkin et al 2008)= 0.05*79= minus 3.95= 75.05 calves.
For 112 calves need= 112/0.7505= 149.2 suckler cows. Plus 1 bull per 35
cows (Nix 2010)= 149.2/35= 4.3 bulls. Total cows (including calves) and
bulls= 149.2 + 4.3= 153.5. Average stocking rate, spring calving, lowland
cows= 1.21 cows per ha= 153.5/1.21= 126.9 ha.
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Concentrates needed = 0.2t per cow per year needed (Lampkin et al 2008)=
0.2*153.5=30.7t. Assume Barley at yield 4.5t/ha (Lampkin et al 2008)=
30.7/4.5= 6.8 ha.
Bulk feeds= 0.15 t per cow (Lampkin et al 2008)= 0.15*153.5= 23t,
assume silage at 60% of chemical yield 45 t/ha (Nix 2010)= 45*0.6= 27
t/ha= 23/27= 0.85 ha.
Organic grazing= 1.5 per ha (Lampkin et al 2008)= 112/1.5= 74.7ha
Organic supplemental food concentrates plus bulk feeds= 0.27 t per head=
0.27*112=30.2t. Assume rolled barley. Yield= 3.7 t/ha (Lampkin et al
2008)= 30.2/3.7= 8.2ha barley.
Bulk feed= 0.1t per cow= 153.5*0.1=15.4t, assume silage at yield 27 t/ha
(see above)= 15.4/27=0.6ha
Total land for organic beef production
Total grazing area (plus silage)= 126.9+74.7+0.85+0.6= 203.1ha
Total area for supplemental food= 6.8+8.2=15ha
Chicken
55 t needed.
2kg average bird weight 0.002t=55/0.002= 27,500 birds (27,500/4610= 6
chickens per person per year). Need 4.2kg of feed per bird (41 days
finishing) (Nix 2010)= 0.0042*27,500= 115.5t grain
Chemical Yield= 8.35 t/ha=115.5/8.35= 13.8ha grain
Organic 8.5 kg per bird (81 days finishing)= 0.0085*27,500= 233.8t grain
needed. Organic yield for wheat= 5t/ha (Lampkin et al 2008)= 233.8/5=
46.8ha
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Land area needed for keeping chickens= free range= minimum 4m2 (40,000
birds per ha) per bird. 27,500/40,000= 0.7ha
White fish, shellfish, oily fish
According to WAG (WAG 2010) 9,200 tonnes of fish and shellfish were
landed into Wales in 2009, the majority landed into Milford Haven. 90% of
this fish was exported. If necessary it seems more than possible that 44t
white fish, 13t shellfish and 32 t oily fish, total=89 t could be diverted for
sale to the local population.
Nuts
Chemical
Need 7t, Assume 1t sweet chestnuts, 3t hazelnuts and 3t walnuts
Sweet chestnut yield after 3-4 yrs= 32.5kg per tree pa. To get 1t per year
would need= 1/0.0325= 31 sweet chestnut trees. Planting density 10m by
10 m grid (CALU 2006)= 100 trees per hectare. Yield therefore
0.0325*100= 3.25 t/ha. Therefore need 1/3.25=0.3 ha sweet chestnuts
Hazels and walnuts, after 5-6 yrs 2.5 t per hectare (hazel= 5 kg per tree).
Therefore hectares of each needed= 3/2.5= 1.2 ha of hazel and 1.2 ha
walnut.
Organic production assume 60% of chemical yield= Sweet chestnut yield=
3.25*0.6= 1.95t/ha. Need 1t therefore 1/1.95= 0.5ha. Hazels and walnuts
chemical yield 2.5*0.6=1.5t/ha. Need 3t of each therefore 3/1.5= 2ha hazel
and 2ha walnut.
Beans
73t needed.
Spring beans= average yield= 3.7 t/ha (Nix 2010). 73/3.7= 19.7 ha
Organic beans= average yield= 3 t/ha (Lampkin et al 2008)= 73/3= 24.3 ha
Lentils
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15t needed. According to the Crop Suitability Index, the Eastern edge of the
peninsula is medium to low for rain fed pulses, see below.

Chemical yield 1.5 t/ha in trials in Durham, England (Andrews et al 2001).
15/1.5= 10 ha lentils.
62

Organic= 1.5*0.6 (assume 40% less yield)= 0.9 t/ha= 15/0.9=16.7 ha
lentils
Low fat spread
26t needed. Assume 40% fat (vegetable oil), 40% water and 20% milk (left
over from cream making). The vegetable oil could be grown in the form of
oil seed rape. The FAO designates the Solva area of the St. David’s
Peninsula as ‘medium’ for growing oil crops. See below.
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To produce 26t of low fat spread, as well as a laboratory setting, will require
26*0.4= 10.4t oil. Assume oil seed rape (winter). Yield 3.4 t/ha (Nix 2010),
42% oil. To produce 1 tonne oil would require 3.4*0.42=1.4 t oil/ha. Need
therefore 10.4/1.4= 7.4ha oil seed rape.
Organic oil seed rape. 1t oil would require 7.4/0.6= 12.3ha oil seed rape.
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Sugar
51 t needed
Sugar beet Chemical yield (Nix 2010)= 66t/ha. Sugar content of beet is
17%. 17% of 66 t/ha= 11.2t sugar/ha. Therefore to make 51t sugar we
need 51/11.2= 4.6ha
Sugar beet Organic yield (assume 60% of Chemical)= 66*0.6= 39.6t/ha.
Sugar content of beet is 17%. 17% of 39.6 t/ha= 6.7 t sugar/ha. Therefore
to make 51t sugar we need 51/6.7= 7.6ha
Table: Summary of Food needed to feed St. David’s Peninsula with
Land needed to produce them chemically and organically.

FOOD
GROUP
Starches

Fruit & Veg

FOOD TYPE
Flour- ingredient for
biscuits, buns & cakes
White bread
Wholegrain bread
wholegrain & high fibre
breakfast cereal- assume
wholegrain wheat
Total Wheat for human
consumption
Other breakfast cerealassume cornflakes- maize
Oats
Potatoes
Carrots
Turnips
Tomatoes (Tinned & raw)
Peas (frozen, canned,
mushy)
Cabbages etc (cooked)
Cauliflowers
Broccoli
Spinach
Cucumber

LAND
NEEDED
LAND
TO
NEEDED TO PRODUCE
PRODUCE
ORGANIC
CHEMICALLY ALLY

TONNES
29
206
176
38

65

433

62

96.2

19
43
254
18
18
135

2.5
8.4
5.6
0.3
0.4
5.4

4.2
12
10.2
0.5
0.7
9

47
26
6.7
6.7
6.7
30

6.3
0.4
0.3
0.8
0.8
0.2

6.7
0.7
0.5
1.3
1.3
0.3

Milk & Dairy

Protein
sources

Lettuce
36
Mushrooms (fried)
30
Onions
59
Pepper (raw)
76
Sweetcorn (canned, on
the cob)
8
Apples
135
Apples for fruit juice
170
Pears
58
Grapes
21
Cherries
21
Raspberries
19
Strawberries
19
semi- skimmed milk
433
cheese
55
yoghurt full fat
42
yoghurt low fat
79
Cream for ice cream
11
Butter for cakes
28
Total tonnes dairy
648
Total dairy cows
223 chem/251 org
Total area to graze/silage
Total area for barley feed
Total area for pulse (peas)
feed
Eggs- inc eggs for baking
Total number chickens
Total area for chickens
Total area for chicken
feed wheat

1.1
0.1
1.4
5

1.8
0.2
2.9
8

1.8
3.9
7.3
2.6
2.4
3.2
1.7
0.8

2.9
13
25
7.25
4
5.4
2.8
2.6

151.9
47.5

231.2
77

44.4

45.1

0.09

0.09

21.2

37.9

8.5
7.6

8.4
14

13.6

17.5

52.3
2.4
2.8

57.5
2.1
2.1

53
3533 chem/
3786 org

Ham
Pork (cooked)
Total Pigs
Total area for pigs
Total barley for pigs
Total pulses (peas) for
pigs
Lamb
Number lambs
Total area for sheep
Total maize for sheep
Total oats yield for sheep
Beef (cooked)
Total cattle

6
12.5
348

12.5
758

25
112
66

Fish

Nuts

Pulses

Oil
Sugar

Total area to graze/silage
Total area for barley feed
Chicken (cooked)
Total chickens
Total area for feed wheat
Total area for forage (free
range)
White fish
Shellfish
Oily fish
Nuts
Sweet chestnut
Hazel
Walnut
Beans- inc baked beans
Lentils- are not currently
gron but trials show could
be possible.
Low fat spread
sugar including for baking
& preserves

109
12.2

203.1
15

13.8

46.8

0.7

0.7

73

0.3
1.2
1.2
19.7

0.5
2
2
24.3

15
26

10
7.4

16.7
12.3

51

4.6
657.09

7.6
1043.34

55
27,500

44
13
32
7

Total

Above table summarised into food groups:Land needed
to
produce
Food Group
Cereals for human
food
Potatoes
Total vegetable
Total fruit
Total area for all
livestock/grazing
Total arable for all
livestock feed
Nuts
Pulses
Total arable for oil
Sugar
Total

Land
needed to
produce

Tonnes chemically
495
254
503.1
443

7
88
26
51

organically

Land needed
per person
(4610)
chemical

land needed
per person
(4610)
organic

72.9
5.6
24.3
21.9

112.4 0.015813449
10.2 0.001214751
36.8 0.00527115
60.1 0.004750542

0.024381779
0.002212581
0.007982646
0.013036876

322.5

501 0.069956616

0.10867679

165.5
2.7
29.7
7.4
4.6
657.1
67

257.5
4.5
41
12.3
7.6
1043.4

0.035900217
0.000585683
0.006442516
0.001605206
0.000997831
0.142537961

0.055856833
0.000976139
0.008893709
0.002668113
0.00164859
0.226334056

Total arable
Total pasture
Total

334.6
322.5
657.1

542.4 0.072581345
501 0.069956616
1043.4 0.142537961
1 ha feeds
1 ha feeds

Fairlie

0.117657267
0.10867679
0.226334056

7
5.6

4.4
3.5

It is estimated that 30% of food is wasted post farm, 8% in food processing
and distribution businesses and 22% in the household (WRAP 2009) (WRAP
& WWF 2011). Below is a calculation of the extra land needed to produce
food that would be wasted given present levels.

Food Group
Cereals for human
food
Potatoes
Total vegetable
Total fruit
Total area for all
livestock/grazing
Total arable for all
livestock feed
Nuts
Pulses
Total arable for oil
Sugar
Total
Total arable
Total pasture
Total

Land needed
to produce
chemically
with 30% post
Tonnes farm waste
produce
chemically
495
254
503.1
443

7
88
26
51

Land needed
to produce
organically
with 30%
post farm
waste
produce
organically

Land needed land needed
per person
per person
(4610)
(4610)
chemical

organic

104.1428571
8
34.71428571
31.28571429

160.5714286
14.57142857
52.57142857
85.85714286

460.7142857

715.7142857 0.099938023 0.155252557

236.4285714
3.857142857
42.42857143
10.57142857
6.571428571
938.7142857

367.8571429
6.428571429
58.57142857
17.57142857
10.85714286
1490.571429

478
460.7142857
938.7142857

774.8571429 0.103687636 0.16808181
715.7142857 0.099938023 0.155252557
1490.571429 0.203625659 0.323334366

1 ha feeds
1 ha feeds

Fairlie
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0.022590641 0.034831112
0.001735358 0.00316083
0.007530214 0.011403781
0.006786489 0.018624109

0.051286024
0.00083669
0.009203595
0.002293152
0.001425473
0.203625659

4.9
5.6

0.079795476
0.001394484
0.012705299
0.00381159
0.002355129
0.323334366

3.1
3.5

10. Discussion
To produce the adapted Livewell diet in the St. David’s peninsula is
theoretically possible. Only 657 ha would be needed to do it using artificial
fertilizers and pesticides (chemically) and 1043 ha to produce it organically,
out of the 6370 ha agricultural land available. That rounds to 10% of the
available land to feed people chemically and 16% of the available land to
feed people organically.
Cereals
There is already more than enough wheat being grown (131 ha) to meet the
needs of the local population. Only 62 ha would be required to produce
enough wheat chemically and 96 ha to produce it organically.
Presuming other cereals in the agricultural census includes maize and oats
there is also enough of these being grown to feed the local population. 24 ha
of other cereals could include 11 ha of maize and oats produced chemically
and 16 ha organically.
There would be issues to do with drying and storage.
Potatoes
At present 243 ha of potatoes are being grown on the St. David’s Peninsula.
Only 10 ha organically or 6 ha chemically would be required to feed the local
population. That’s only using 4% or 2% of the potatoes already being
grown. 243 ha of potatoes is enough to feed over 200,000 people, more
than the population of Pembrokeshire and 15% of the Welsh population.
Vegetables
At present 22 ha of land are being used for horticulture on the St. David’s
Peninsula. This would be more than enough to produce all the vegetables to
meet the nutritional requirement for the local population chemically (24 ha
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required) although more would be required, 37 ha, to produce those same
vegetables organically.
It also has to born in mind that crop rotation of vegetables would mean that
even less actual area would be needed to grow the vegetables.
It is interesting to note that a 2007 CALU research paper on Horticulture
‘Scoping the environmental and social footprint of horticultural food
production in Wales’ (Plassman & Edwards-Jones 2007) concluded it was
unlikely that Wales could become self-sufficient in vegetables. They
concluded this on the basis that, by their calculations, the Welsh population
would need 4962 hectares of land to produce enough vegetables to feed
itself (this research suggests that the Welsh population would need 3 times
this much 3,000,000*0.0053= 15,900 ha). They reasoned that since there
was only 4142 ha of Grade 1 land (excellent) that just was not enough land
to produce the vegetables needed. Surprisingly they did not consider the
39,347 hectares of Grade 2 land (very good) as appropriate. It could be
argued that this Grade 2 land would be more than adequate to grow
vegetables on and there would therefore be more than enough land for
vegetable production in Wales.
Polytunnels/ Glasshouses
In this diet the tomatoes, cucumber, peppers, non-organic strawberries,
raspberries and cherries would all be grown under cover of plastic or glass.
This would amount to 16 ha of polytunnel/glasshouse for the chemical model
and 26 ha for the organic model. This would be a big change to the
landscape. If we are going to produce more of our food locally the reality is
that if we want to eat things traditionally grown in the Mediterranean, like
tomatoes, we would have to see a large increase in the amount of land put
‘undercover’.
Another way of tackling this would be to change our diet to suit vegetables
that grow well here in Wales. For instance the Livewell diet contains Tomato
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and Pepper soup once a week, every week of the year. The
polytunnel/glasshouse needed to produce the peppers alone is 5 ha
chemically or 8 ha organically. If this item in the diet was changed to leek
and potato soup, for instance, then less land would have to be put aside to
polytunnels, perhaps less resources would have to be inputted, and it would
perhaps be a more sustainable diet.
Fruit
For the St. David’s peninsula to be self-sufficient in tree fruit (apples, pears,
cherries) and fruit juice would require and extra 17 hectares of orchards in
the chemical model and 50.7 hectares of organic orchards. This would be a
large change to the landscape of the peninsula. There are no figures for the
amount of hectares of orchard currently on the peninsula. This presumably
is because there are very few orchards. Fruit trees take 3-4yrs years before
they start producing reasonable yields. If people on the St. David’s
peninsula would like to become more self-sufficient in food then planting
fruit trees would be a necessary place to start.
0.004 of a hectare of chemical orchard or 0.01 of a hectare organic orchard
is needed per person to sustain them nutritionally for a whole year in tree
fruit (in this model). 117,400 people live in Pembrokeshire. For
Pembrokeshire to become self-sufficient in tree fruit would require 117,400*
0.004= 470 ha chemical orchard or 117,400*0.01=1174 ha organic orchard.
Grapes and Soft fruit
The Livewell diet contains a lot of soft fruit. The grapes could be grown on
2.4 ha chemically and 4 ha organically. Perhaps some trials to see how they
do on the peninsula would be prudent. The chemically grown strawberries
and raspberries yield data in this research is for fruit grown undercover
which would mean extra polytunnel/glasshouse cover of 2.5 ha.
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Milk
Only 223 (chemical) or 251 (organic) dairy cows would be needed to supply
all the dairy needs of the St. David’s Peninsula population. There are
currently 3119 dairy cows on the peninsula. 0.048 chemical/0.054 organic
of a dairy cow is needed per person. 3119/0.048= 64,478 people’s full dairy
nutritional requirement for the year could be sustained from the cow’s on
the St. David’s Peninsula (about half the population of Pembrokeshire).
Chicken/Egg
3533 chickens would be needed to produce eggs chemically (3786
organically) and 27,500 would be required for the population to eat (31,033
total). At the moment there are 515 chickens on the peninsula. There would
have to be 60 times more chickens kept on the peninsula for the local
population to eat chicken and eggs all year round. The area needed to keep
this amount of chickens is negligible. 0.09 ha for the egg layers and 0.7 ha
for the broilers. The area needed for grain to feed these chickens is a lot
more, 21.2 ha chemical wheat or 37.9 ha organic wheat for the egg layers
and 13.8 ha chemical wheat/46.8 ha organic wheat for the broilers. There is
already enough hectares of wheat being grown to feed humans and chickens
chemically, more would have to be planted to do it in an organic scenario.
Pigs
The peninsula would need 348 pigs to feed itself on the Livewell diet (lower
in meat than the present average diet). There are currently only 40 pigs
recorded on the peninsula. Nearly 9 times more pigs are needed. It is
interesting to note the trend across Wales for lower numbers of pigs in the
last 30 years or so compared with the previous hundred years. Between
1897 and 1977 (apart from a blip around the 2nd World War) the number of
pigs in Wales was between 200,000 and 250,000 but since 1977 the number
has dropped consistently to it’s current figure of about 25,000 pigs (WAG
Statistics for Wales 2010).
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The advantage of pigs is that they can be fed on food waste. In the localised
system discussed in this research there would be a lot of food processing
waste e.g. discarded vegetables, whey, sugar beet pulp, crushed apples
from pressing etc. At the moment there are laws, that came into being after
the 2001 foot and mouth disease outbreak, prohibiting the feeding of even
sterilized catering and domestic food waste to pigs. Some would argue (e.g.
Fairlie 2008) that the laws should be repealed. This would fit better with a
more localised food system.
Lamb
758 lambs would be needed for the St. David’s Peninsula for a year. There
are presently 3326 lambs, more than 4 times those needed.
Beef
112 beef cattle would be needed. There are currently 919 beef cattle, more
than 8 times that required to feed the local population.
Arable area to feed livestock
In this model the animals have been kept in the field and supplemented with
food grown on the St. David’s peninsula. The total arable area required to
feed all the animals needed for dairy and all forms of meat production is 166
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ha chemically or 258 ha organically. There are already 114 ha of stock feed
being grown and 1004 ha of barley which would more than cover the
amount of land needed.
Area for grazing
The total area needed for all livestock and grazing 323 ha chemically and
501 ha organically. There is currently 4483 ha of grassland, 9/14 times
more than needed to produce livestock to feed the local population.
Fish
89 tonnes is needed to feed the St. David’s Peninsula over a year=
89/4610= 0.0193 t/person/yr (19.3 kg). The world fish catch in 2008 was
142 million tonnes (FAO 2010), that is 17kg/person/yr. As mentioned 9,200
tonnes were landed in Wales (90% exported), the majority through Milford
Haven. If none of that fish was exported and all went towards feeding the
whole of the Welsh population 3,000,000*0.0193= 57,918 tonnes would be
needed. That is a 48,718 tonne per year deficit in fish. So in reality for the
St. David’s Peninsula to have it’s Welsh share of the fish would mean it
would have to catch more locally (e.g. shellfish from Porthgain) or produce
more using aquaculture (this is an area worth further investigation).
Nuts
2.7 hectares of nut trees would be needed to feed the local population
chemically and 4.5 organically. There are presently no hectares of nuts on
the peninsula according to the Welsh agricultural census data. As with fruit
trees it takes a number of years before nut trees start producing good yields
so if people are interested in food self-sufficiency then planting nut trees
would be advisable.
Pulses
30 hectares of chemically produced pulses or 41 hectares of organically
produced pulses would be needed. Data on area presently assigned to
pulses specifically is not available though it is feasible that of the 1682 ha
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growing crops and horticulture at least 40 ha are pulses. Whether Lentils
would grow well on the St. David’s peninsula would be interesting to find
out. Trials of this crop in Wales would be a useful contribution to research.
Oil & sugar
The area needed for these crops, under 20 hectares for both for the whole of
the population to have oil and sugar for the year, is very small.
Honey
The Livewell diet does not include any honey. Bees play an important
pollinating part in many eco-systems. With the huge amount of insect
pollinated crops that would have to be grown locally to feed the local
population using honey bees to pollinate would be highly advantageous as
honey would be produced as a by-product, with no extra land needed, that
could then supplement the sugar requirement of population.
Alcohol
There is no alcohol in the Livewell diet. It is fair to presume that people
would like some alcohol and some more produce would have to be grown to
help with this e.g. apples for cider, grapes for wine, cereals for beer.
Processing
The major challenge, and perhaps one of the major benefits in terms of
potential local employment, with this model would come with processing the
primary produce. For food to be produced more locally, a lot more
processing would have to be done locally.
The wheat would have to milled and baked into bread, 1163 loaves per day
would be needed. That would require a mill in the area, the nearest current
one is in St. Dogmaels (near Cardigan). It would also keep more than one
bakery in business, this could be explored further.
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The diet in this model included Cornflakes and the maize would need to be
processed into cornflakes. The efficiency of doing this locally is perhaps
questionable. It may be better to either have a Wales Cornflake making
plant or to replace cornflakes in the diet completely e.g. with porridge.
The initial vegetable processing would be fairly straightforward though a lot
more people would be needed to help pick the produce e.g. strawberries etc.
However in order to avoid a shortfall in produce during the winter months
there would have to be a large amount of preserving done locally, this could
be freezing, canning/jarring, cold storage, drying, juicing, pickling, lactofermentation etc. This may involve building on existing knowledge e.g. jam
makers in the area etc..
All the dairy products, cheese, yoghurt, cream, butter, skimmed milk would
have to be made locally. How many businesses this would support would be
a matter for further research.
All the meat would have to be prepared and stored in the area as well as the
fish. Nuts would have to be hulled and stored (though kept whole they store
a lot longer) and pulses converted into baked beans. A local canning/jarring
facility would help with this. Oil and sugar would have to be extracted from
primary ingredients and some sort of facilities to do this would be necessary.
The other alternative would be for a lot more processing to be done in the
home, everybody making their own bread, cheese and beer etc.
‘Conventional system’
The yield figures from Nix (2010) and Lampkin et al (2002) are based on
highly mechanised farming practices. It is likely (Ambler-Edwards et al
2009) that we are facing a more resource-constrained future and that the
yields predicted will not be attainable. In the future it may be worth building
in contingencies into the model e.g. like in Fairlie’s Livestock Permaculture
model where land for green manures and timber etc is added.
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Labour
Including full and part time farmers and regular and casual workers there
are currently only 292 people working on the 6370 ha of agricultural land on
the St. David’s Peninsula. If more food were diverted for the local market
there would have to be a substantial increase in the number of people
working in agriculture and associated areas, particularly processing the food.
There are currently 1398 people aged 16-44 yrs old in the area. It may be
that a significant proportion could gain employment in the agricultural
sector.
What about the rest of Wales?
Using these calculations, to feed the present Welsh population would take
3,000,000*0.143 chemical or 0.226 organic= 429,000 ha chemically or
678,000 ha organically. There are 1,600,000 ha of agricultural land in
Wales. Only 27% would be needed in the chemical scenario or 42% if
organic. So there would still be surplus produce from Wales after the whole
population was fed adequately.
Waste
The figures quoted above do not include waste post farm as it is hoped that
these would be kept to a minimum in the localised system. However if food
was to be wasted post-farm at present levels of 30% (WRAP & WWF 2011)
then an extra 282 ha (chemical) or 448 ha (organic) would be needed. That
is a lot of land set aside for food to be wasted. Having said that still only
15% and 23% of the land would be needed to feed the population
nutritionally (939 ha chemically or 1491 ha organically out of 6370 ha
available).
If 30% of food was not wasted post farm then each hectare, using the diet
outlined in this model, would feed 7 people chemically and 4.4 people
organically. With 30% wastage this goes down to 4.9 people chemically and
3.1 people organically. These figures compare more closely to Fairlie (2007)

77

who comes estimates 5.6 people chemically and 3.5 people organically
(including livestock as in this research).
So, what to do with the surplus?
The St. David’s Peninsula can feed itself with plenty of land to spare (90% to
spare chemically and 84% land to spare organically) so the question arises
‘What do we do with the produce from the surplus land?’ The obvious
answer is to sell it to another area, which is exactly what happens now. The
only difference being that nearly all of the food that is produced in Wales is
currently exported, e.g. 96% of beef and lamb (WAG 2010), and most of the
food that is currently consumed is imported. This is where food security and
food sovereignty arguments come in. Food security, as defined by The World
Food Summit of 1996, exists “when all people at all times have access to
sufficient, safe, nutritious food to maintain a healthy and active life”. It
makes no difference where that food comes from as long as people have
enough of the right kind and it’s safe. Food sovereignty has a different slant.
It was also defined in 1996, by a different group called Via Campesina, as
‘the right of each nation to maintain and develop their own capacity to
produce foods that are crucial to national and community food security
respecting cultural diversity and production methods’. It could be argued
that Wales should be food sovereign. It should produce it’s own food first
and then sell to the rest of the world.
Could this system come about?
This is a theoretical piece of work. How this sort of system could come about
is unknown but perhaps this quote is particularly poignant:‘In the long run Europeans could hardly avoid a return to a more subsistence
based lifestyle, but given their long exposure to mass consumerism, they
will have a hard time in the process’ (Friedrichs 2010).
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Risks
There are risks associated with any food system. Some of the well
recognised risks facing the global food system mentioned earlier (Ambler
Edwards et al 2009) are rising human population, ‘Nutrition Transition’ (a
move to more energy rich and increased meat diet as income increases),
energy uncertainties, pressure on land, pressure on water, climate change
and labour shortage. We know that the population of the St. David’s
peninsula is likely to rise from 4610 to 5378 in 2050 but given the amount
of land available there would still be more than enough land to feed the
population. Pressure on land in Wales is not overly a problem as is water
availability. There may however, with climate change, be fluctuations in
weather that would lead to water shortages during summer so collecting the
predicted increased water fall in winter would be important. Climate change
will also increase the risk of extreme weather events which could lead to
crops being ruined. There is also an increased risk of new diseases and
pests. The risk is that all of the food on the peninsula fails and the local
population go hungry. However there is no reason to suppose that given
that situation the area couldn’t trade with another, in good years after all
the peninsula could be exporting food grown on the 84-90% of it’s ‘spare’
land. Labour shortage could be an issue though it could also be seen as an
employment opportunity for the people of working age in the area.
11. Conclusion and potential future areas work
According to the methodology used in this research the St. David’s Peninsula
could easily feed itself on a nutritionally balanced diet on 657 ha chemically
and 1043 ha organically which would leave 84-90% of the land to spare
(total land available 6370 ha). The methodology is in the early stages of
development and certain assumptions have been made which may affect the
reliability of the data. However it seems fairly clear that there is more than
enough land to feed the local population of 4610 people.
There is already more than enough land allocated to arable and vegetables
and more than enough dairy, beef and lamb. Changes that would have to be
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made, to produce the local Livewell diet outlined in this research, include
increasing the amount of land covered by polytunnels/glass houses;16
hectares would be needed for chemical growing and 26 hectares for organic
growing. This would be a dramatic change in the landscape.
There would also have to be many more orchards planted;17 hectares of
chemical orchard or 51 hectares of organic orchard as well as another 3/4.5
hectares of nut trees. Another dramatic change in the landscape.
There would also have to be a substantial increase in the amount of poultry,
pigs and fish to feed the local population adequately. It would be necessary
for some sort of aquaculture to be developed and this needs further
investigation. It would also be necessary to grow more pulses and perhaps
trials of certain pulse varieties would be a good area to research.
The most major change would be a huge increase in facilities and people
involved in processing produce locally. There would have to be millers,
bakers, people preserving vegetables, people pressing fruit, people making
dairy products, people making sugar and oil etc. This is all possible. It
happened in the past and it may be that it might happen again in the future.
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