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ABSTRACT
Using LCA we analyzed the GHG footprint of two haglNordic diets: One based on the Nordic Nutrilon
Recommendations (NNR) and the other on prelimisascifications for a New Nordic Diet (NND) as part
of the OPUS project. Both diets were analyzed withaverage Danish diet (ADD) as reference, andiet$
were adjusted to similar energy and protein costefthe healthy diets were constructed by modifyviip
in three ways. By modifying the relative contentfedds and beverages NNR emitted 8 % less GHGs than
ADD, and NND 7 % less. By including transport asatexl with import, NND, which consisted of locabpr
duce only, emitted a further 5 % less GHGs than ABRIaling a 12 % reduction. By including an organi
share of 80 % in NND and the actual shares in ADB [NR, NND emitted more GHGs, now only 5 % less
than ADD.

Keywords: GHG (greenhouse gases), GWP (global warming tiatgrNND (New Nordic Diet), NNR (Nor-
dic Nutritional Recommendations), OPUS

1. Introduction

This study is part of the OPUS proje@ptimal well-being, development and health for
Danish children through a healthy New Nordic Diet . The aim of OPUS is to introduce a
science-based New Nordic Diet (NND) to the Nordiblic through a large number of reci-
pes developed by the some of the foremost NordédfsctNND aims at being simultaneously
palatable, healthy and environmentally sustainalldD will be tested in two large-scale
intervention studies with multiple response anaysieseveral hundred adults and children.

In this study we test the GWP of two healthgtsl relative to the average Danish diet
(ADD) using their GHG emissions calculated by L@gcle Analyses; NNR defined by the
Nordic Nutrition Recommendations (Norden, 2004)] &ND defined by preliminary rec-
ommendations in the OPUS project. Values for GHGssions caused by organic and/or
conventional foods and beverages were taken framLtbA-Food database (2004) using
Stepwise method in SimaPrdHalberg et al. (2006), Williams et al. (2006),dsiey (2009),
Halberg et al. (2010) and by consensus among timisubased on more recent sources.

GHGs are only one of several environmentalcesl used in evaluating environmental
effects of goods and services. We are well awaaeitidoes not give a complete picture of
environmental responses to food choices, but aat&HG are presently the most available
environmental indicator. More environmental indieél be applied in future studies.

2. Methods and materials

The composition of ADD and NNR were describgdhe Danish National Food Institute
and 2.-0 LCA consultants based on data from natigmestionnaires on food intake and data
for food production and import from Statistics Dearikn(Saxe et al, 2006). The environmen-
tal effects of foods and beverages are a resulhat is produced, not of what is consumed.

The NND is defined by three core elements:ct@gnges in diet composition, (b) local
products preferred to imported products, and (gaic products preferred to conventional.



The preliminary specifications for NND changks contents of food and beverage rela-
tive to ADD as follows: 1.5X ADD fruit, 18.8X ADD dxries, 3X ADD cabbage, 5X ADD
roots, 1.5X ADD potatoes, 4.3X ADD legumes, 1.4X Bther vegetables, 2.1X ADD
whole grain products, 7X ADD nuts, 2.3X ADD seafp0d7X ADD meet, 1.4X ADD dairy
products, 0.7X ADD cheese, 1.5X ADD eggs, 0.5X ADBé&er, butter, candy, cake, conveni-
ence, ice cream, sugar; No rice, industrial pagteeat bread, chocolate, tea, coffee and co-
coa. Healthy pasta, marmalade, and juice are peatlbg local suppliers based on the extra
amount of fruit and vegetables included in NND. ¥and alcohol is substituted by beer.

Table 1. Diet composition and emission of greenhouse gagesfirst three columns give the
weight of the main foods and beverages in the ttiets of this study; ADD, the Verage @nish_Det;
NNR, A diet according to the dddic Nutritional Recommendations; and NND, TheeW Nordic Diet.
The following 3 sets of 3 columns give the potd@&8G emissions compared of the three diets. NND
contains only Danish produce and it is 80 % orgagigveight.

Diet composition Emission of greenhouse Gases, GHG, kg/per son/year

Products kg/personlyear _Composition L_ocal purchase _ Organics
implemented implemented implemented

ADD NNR NND ADD NNR NND ADD NNR NND ADD NNR NND
Beer, wine, alcohol 1145 | 459 | 57.2 | 1542 62.0 52.8 | 176.7 711 52.8 176.7 711 52.3
Berries 35 6.4 | 651 2.4 44| 448 28 53 | 446 2.8 5.3 44.6
Butter 2.6 0.5 13| 167 3.1 83| 16.9 3.2 8.3 16.6 3.1 75
Cabbage 61| 116 | 183 1.4 2.6 41| 25 47 41 2.5 47 41
Candy 203 | 11.1| 101 | 1236| 678 618 141.8| 87.8 | 618 | 1418 87.8 61.9
Cheese 134 | 152 | 219 | 1540| 1740\ 2504 154.5 | 174.4 | 2509 | 154.4| 1743 2484
COffee+tea+COCO;{jry 15.7 8 7.9 118.8 60.1 6.8 118.8 60.1 6.8 118.8 60.1 6.8
Convenience 5.2 4.6 2.6 4.0 35 20| 46 4.0 2.0 4.6 4.0 2.0
Dairy products 138.3 | 166.8 | 197.5 | 166.5| 205.8] 237. 167.0 | 205.8 | 237.8 | 161.7| 1987 214
Eggs 8 | 198 | 238 | 160| 395| 474 161 | 398 | 47.4 17.3| 427 60.1]
Fruit. excl. berries 85.6 | 149.7 | 2488 | 460 | 815 | 828 | 689 | 1221 82.8 69.6 | 1233 | 1169
Herbs 1.8 1.7 5.2 1.6 15| 141| 19 19 | 141 1.9 1.9 14.1
Juice 455 | 249 | 228| 455| 249 228 507 | 27.7| 228 517 | 282 27.7
Legumes 3.6 55 | 15.2 1.7 25 75| 23 35 7.5 23 35 75
Marmalades 3.8 6.1 0.1 2.0 3.0 01| 35 5.4 0.1 3.4 5.4 0.1
Meat, industrial 749 | 616 52 | 738.7| 562.6| 509.9 742.6 | 565.6 | 509.4 742.8| 565.9 546.4
Meat, game 0 0 15 0.0 0.0 45 00 0.0 45 0.0 0.0 45
Mushrooms +lettuce 7.8 12 6 88 | 136 6.9| 102 | 157 6.9 10.2 15.7 6.9
Mushrooms. wild 0 0 1.8 0.0 0.0 18| 0.0 0.0 1.8 0.0 0.0 1.8
Nuts 1.6 1.4 11 0.8 07 47 2.0 18 47 2.0 18 47
QOils excl. rape 117 | 16.4 0| 201| 526 0.0| 29.4 | 557 0.0 29.4 55.6 0.0
Oils of rape 0 0| 117 0.1 00| 414/ o01 0.0 | 414 0.1 0.0 35.2
Pasta, industrial 6.2 5.9 0 5.6 5.3 00 71 7.2 0.0 6.8 7.0 0.0
Potatoes 58 | 943 87 | 123 | 198| 185 156 | 249 | 185 155| 247 173
Roots, excl. potatoes | 19.7 | 311 | 986 3.7 58| 183 73| 115 183 7.6 11.8 22.9
Rice 3 4.7 0| 104| 165 00| 118| 187 0.0 11.8 18.7 0.0
Seafood and fish 112 | 212 | 251 356| 676 817 381 | 723 | 817 381| 723 81.7]
Softdrinks 1186 | 30.9 0| 16.6 4.3 0.0| 19.3 5.3 0.0 193 5.3 0.0
Sugar 4.9 3.4 25 438 33 24| 48 33 2.4 4.8 33 2.4
Vegetables, others 455 | 618 | 615 | 1357| 193.8] 1837 1429 | 2025 | 1837 | 148.1| 209.1  236.
Wheat, proc. products 39 | 354 0| 330 29.3 0.0| 336 | 297 0.0 33.3 29.7 0.0
Whole grain products | 392 | 663 84 | 305| 507| 653 353| 61.6| 653 349 613 60.4
Other products 15 0.1 3.3 18 0.5 34| 18 0.5 3.4 18 0.5 3.4
Sum kg/person/year 911 | 924 | 1144 | 1922 1763| 178§ 2031 | 1893 | 1786 2033| 1897| 1897
Energy, MJ/person/day 13.21 | 1325 | 13.18 - - - s - B B B
Protein g/person/day | 137.2 | 137.0 | 137.5




The DANKOST3000 software was used to calculate the overall enarglyprotein con-
tent in the three diets. With the above speciforati for NNR and NND they were a little
short in energy and protein relative to ADD. By edd6 kg of both cheese and eggs per
year to NNR and 12 kg of both cheese and eggs 20kd apples (for 0.25 | juice a day) to
NND, both of the healthy diets had energy and motentents similar to ADD (Table 1,
Fig. 1). We find this to be a reasonable foundafmmcomparison of diets: simultaneously
satisfying hunger and protein demand. Protein iiquéarly important for elderly people.

3. Results

The total weight of NNR and NND were respesiivl % and 26 % larger than ADD
(Fig. 1). Not counting drinking water, the main trdvutors by weight are dairy products,
beverages, fruit, meat, potatoes, and vegetableslarger weight of NDD was mainly due
to increased contents of fruit, roots and legumiéis tieeir high content of water and fiber.

The indicated food and beverage categoriesised in the OPUS design, but in our cal-
culations we have used approximately 350 individoatls and beverages.
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3.1. Contribution to GHG-emissions by changes &t dompositions

The first level of calculations of effects 8igt choices on GWP include changes in con-
tent of different food and beverage categories woesl in NNR and NND relative to ADD
(Table 1, Fig. 2). At this stage we neither incluheissions caused by transport associated
with import, nor do we include effects of organis. xxonventional products. Under these
conditions, the NNR diet is 8 % better for the eomiment — measured as GHG emissions —
and the NND is only 7 % better (Fig. 2).
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3.2. Contribution by including local produce

The second level of calculations of effects@WP by diet choices includes means of
transport (truck, ship, plane), transport distafité&://www.viamichelin.corjy and cooling/
freezing en route simulated by data from Ecoinfenta small diesel generator. For ADD
and NNR we used the actual ratio of imported foeds|e for NND there were no imports.
It is assumed that production efficiency is similarDenmark and abroad. The benefits of
NND measured as GHG emissions are improved fromt@ %2 % relative to ADD (Fig. 3).
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3.3. Contribution by including organic products

At the third stage of calculations we addebliacted GHG emissions associated with
substituting conventional products with organicdurcts at 2009 ratios for ADD and NNR to
an overall ratio of 6.6 % organics (Dkologisk Lafiedsning, 2009). For the NND diet we
included all the organics we had data for, to aeral ratio of 80 % organics. 23 organic
products were included in the calculations, sevagative’' (apples, beef, carrots, chicken,
eggs, non-alcoholic beverages, tomatdeseased GHG emissions, and 15 ‘positive’ (beer,
butter, cheese, coffee, lamb, milk, pasta, rapepoilk, potato, rolled oats, rye bread, wheat
flour and bread, and yoghurecreased GHG emissions. For NND 382 kg/person/year of
‘negative’ organics increased GHG emissions by k§ferson/year, while 588 kg de-
creased GHGs by a total of 53 kg GHGs. Thus, theffiect by including organics in NDD
was negative by 106 kg GHGs person and year (Faqd3Fig. 4).

However, other effects of organics are posjte.g. protection of soil structure, omission
of pesticides, and better animal welfare. This supinclusion of organics in future diets.
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4. Discussion

We have used the best available data for thential GHG emissions of all foods. This
means that the Danish LCA-Food database was updatdatems like dairy products and
more. Uncertainties include aggregation uncertaiggographical uncertainty and emission
uncertainty. We have estimated the coefficientgasfation for emissions, and for most food
categories these were smaller than the differehetseen the emissions of the total diets.
This gives us confidence that the observed difiegsrbetween the diets are significant.



In the final analysis, choosing either NNR or NNi2 gignificantly better for the GWP than
choosing ADD (Fig. 4). The alternative diets maighin their advantage over ADD for two
reasons: (1) the 30 % decrease in meat, and (H0Ré decrease in beer, sweets and candy.
Furthermore, to make NND fully Nordic, imported ifeuand nuts were substituted with
Nordic fruits and nuts; wine and alcohol were sitibgtd by beer; tea, coffee and cocoa by
herb tea; and chocolate by ice cream. All thesstgubions improved NND’s GWP. Exclud-
ing imports in NND was as beneficial to GWP asudahg 80 % organics was harmful.

To construct climate-friendly diets reductiafsvine, beer, coffee, sweets and candy was
as efficient as reductions in meet. A study undernaafter the submission of this paper
showed that substituting beef with more pork andlkan is an alternative way of reducing
climate effects, which is potentially as efficiex#t choosing a healthy, meatless diet. But it is
uncertain which strategy is the easiest to put pméxtice.

The GHG savings by diet choice may seem siBatlthe potential for reduction in GWP
by switching from ADD to NNR (136 kg GHG saving peyar and person) or NND (141 kg
GHG) are comparable to other realistic means oirenmental protection available to indi-
vidual citizens, e.g. a 10 % savings on heatinmaiidual homes (130 kg GHG saving). In
this perspective the environmental protection bgosing NNR or NND rather than ADD is
quite significant. Additional benefits of the ahative diets are improved health, and possi-
bly a lower overall price (Saxe et al., 2006) —eatggting on the surcharge for organics.
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