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Figure  14.  Scenario  1.1.  Energy  Flows  
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Figure  15.  Scenario  1.2.  Dry  Matter  Flows.  
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Figure  16.  Scenario  2.  Dry  Matter  Flows
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8.3 Appendix	  3.	  Mass	  Balance	  Inconsistencies-‐‑	  Baseline	  Model	  
	  
	  
Table	  12.	  Dry	  Matter	  Layer	  Mass	  Balance	  Inconsistencies	  

	   Dry	  Matter	  Discrepancies	  	  
Process	   In	  	  (kT)	   Out	  (kT)	   Discrepancy	  

(kT)	  
Percentage	  
Difference	  

Possible	  Cause	  

4	   2220	   1770	   448	   23%	   	  
7	   1510	   337	   1180	   129%	   NAS.	  Human	  

growth.	  Data	  
limitations.	  

10	   4050	   1700	   2350	   82%	   NAS-‐‑Animal	  
growth.	  Data	  
limitations.	  

12	   123	   0	   123	   	   No	  data	  on	  outputs	  
16	   58	   74.5	   -‐‑16.3	   25%	   	  
	  
Table	  13.	  Phosphorous	  Layer	  Mass	  Balance	  Inconsistencies	  

Process	   In	  
(1000	  
tons)	  

Out	  
(1000	  
tons)	  

NAS	   Discrepancy	  
(1000	  tons	  P)	  

Percentage	  
Difference	  

Possible	  Cause	  

1	   22.7	   11.9	   12.2
6	  

-‐‑1.5	   -‐‑6%	   Soil	  Accumulation	  

4	   8.4	   11.4	   	   -‐‑3	   31%	   	  
7	   9.9	   4.6	   	   5.3	   73%	   	  
10	   14.1	   18.1	   	   -‐‑4	   25%	   Incorrect	  P	  contents	  
12	   2.4	   0	   0	   2.4	   	   No	  data	  on	  outputs	  
16	   2.74	   2.76	   	   -‐‑.02	   1%	   	  
	  
	  
Table	  14.	  Energy	  Layer	  Mass	  Balance	  Inconsistencies	  

	  

Energy	  
Process	   In	   Out	   Discrepancy	  

(kj)	  
Percentage	  
difference	  

Possible	  Cause	  

4	   4.15E+13	   3.75E13	   4	  E12	   10%	   Energy	  
Contents,	  Data	  
Quality	  

12	   1.37E+12	   0	   1.37E12	   	   No	  data	  on	  
Outputs	  

16	   1.76E+12	   1.60E+12	   1.61E+11	   10%	   	  
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8.4 Appendix	  4.	  Efficiencies-‐‑	  All	  Scenarios	  
Table	  15.	  Dry	  Matter	  Efficiencies	  

DM	  
Scenarios	  

Baseline	   1.1	   1.2	   2	  

4	   79%	   79%	   79%	   79%	  
10	   10%	   10%	   10%	   10%	  
Overall	   37%	   37%	   39%	   26%	  
	  

Table	  16.	  Biomass	  Energy	  Efficiencies	  

	   	   	   	   	  
Energy	   0	   1.1	   1.2	   2	  
4	   90%	   90%	   90%	   90%	  
10	   13%	   13%	   13%	   13%	  
Overall	   29%	   29%	   31%	   31%	  
	  
	  
	  
Table	  17.	  Phosphorous	  Efficiencies	  

	   	   	   	   	  
P	   0	   1.1	   1.2	   2	  
1	   53%	   51%	   48%	   72%	  
4	   132%	   132%	   144%	   132%	  
10	   34%	   34%	   34%	   34%	  
Overall	   36%	   36%	   42%	   55%	  
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8.5 Appendix	  5.	  Transfer	  Coefficients	  
	  

Table	  18.	  Transfer	  Coefficients	  

Flows   Dry  Matter  
  

Phosphorous  
  

Energy  
0.1   Mass  Balance       

  
Mass  Balance       

  
Energy  Balance  

0.2   Given  
  

Given  
  

Given/constant  
0.4   108%   of  4.7  

  
44%   of  4.7  

  
94%   of  4.7  

0.8   27%   of  8.10  
  

25%   of  8.10  
  

30%   of  8.10  
0.10   61%   of  10.3  

  
26%   of  10.3  

  
41%   of  10.3  

1.0   Only  in  Energy  
  

Only  in  Energy  
  

Given  
1.2   Equal  to   2.4  

  
Equal  to     2.4  

  
Equal  to   2.4  

1.8   63%   of  8.10  
  

63%   of  8.10  
  

59%   of  8.10  
1.10   586%   of  10.3  

  
107%   of  10.3  

  
420%   of  10.3  

2.0        0.2-‐2.8  
  

     0.2-‐2.8  
  

     0.2-‐2.8  
2.4   16%   of  4.7  

  
20%   of  4.7  

  
14%   of  4.7  

2.8   9%   of  8.10  
  

12%   of  8.10  
  

10%   of  8.10  
3.4   23%   of  4.7  

  
21%   of  4.7  

  
26%   of  4.7  

3.16        10.3  -‐  3.4  
  

     10.3  -‐  3.4  
  

     10.3-‐3.4  
4.0   Given  

  
Given  

  
Given    

4.7   Given  
  

Given  
  

Given  
4.9   1%   of  All  inputs  to  4  

  
5%   of  All  inputs  to  4  

  
1%   All  inputs  to  4  

7.0   Only  in  Energy  
  

Only  in  Energy  
  

84%   of  4.7  
7.9   10%   of  4.7  

  
19%   of  4.7  

  
9%   of  4.7  

7.13   12%   of  4.7  
  

27%   of  4.7  
  

7%   of  4.7  
8.10   361%   of  10.3  

  
159%   of  10.3  

  
289%   of  10.3  

9.0   10%   of  All  inputs  to  9  
  

10%   of  All  inputs  to  9  
  

10%   of  all  inputs  to  9  
9.1   23%   of  All  inputs  to  9  

  
6%   of  All  inputs  to  9  

  
23%   of  all  inputs  to  9  

9.11   Given  by  Capacity  
  

Given  by  Capacity  
  

Given  by  capacity  
9.12   Mass  Balance       

  
Mass  Balance       

  
Energy  Balance  

9.14   16%   of  9.1  
  

16%   of  9.1  
  

16%   of  9.1  
10.0   Only  in  Energy  

  
Only  in  Energy  

  
58%   of  all  inputs  to  10  

10.1   322%   of  10.3  
  

275%   of  10.3  
  

211%   of  10.3  
10.3   117%   of  3.4  

  
230%   of  3.4  

  
122%   of  3.4  

11.0   Only  in  Energy  
  

Only  in  Energy  
  

78%   of  all  inputs  to  11  
11.1   39%   of  All  inputs  to  11  

  
25%   of  All  inputs  to  11  

  
49%   of  all  inputs  to  11  

11.12   Mass  Balance  
  

Mass  Balance  
  

Energy  Balance  
13.0   Mass  Balance  

  
Mass  Balance  

  
Energy  Balance  

13.1   35%   of  7.13  
  

31%   of  7.13  
  

7%   of  7.13  
13.11   Given  by  Capacity  

  
Given  by  Capacity  

  
Given  By  Capacity  

16.0   65%   of  3.16  
  

65%   of  3.16  
  

37%   of  3.16  
16.1   17%   of  3.16  

  
17%   of  3.16  

  
10%   of  3.16  

16.8   26%   of  3.16  
  

0%   of  3.16  
  

32%   of  3.16  
16.9   20%   of  3.16  

  
19%   of  3.16  

  
12%   of  3.16  
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Table  19.  Process  Energy  Transfer  Coefficients  

Process  Energy  Flows  

0.1   11%   of   all   outputs  
from  1  

0.2   0.42%   of  (2.4  +  2.8)  
0.3   10%   of  3.4  
0.10   0.1%   of  10.3  
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8.6 Appendix	  6.	  Past	  and	  Current	  Initiatives	  
There	  are	  many	  reasons	  the	  food	  system	  is	  an	  important	  topic	  for	  systems	  perspective-‐‑
based	   research	   and	   immediate	   action.	   There	   is	   a	   momentum	   behind	   the	   topic	   on	   all	  
levels	   (international,	   European,	   Norwegian)	   with	   diverse	   actors	   demanding	   that	   we	  
address	  our	  unsustainable	  food	  system.	  Though	  there	  are	  differing	  perspectives	  on	  why	  
food	  waste	  is	  a	  problem,	  there	  are	  very	  few	  researchers	  taking	  a	  holistic	  approach	  to	  the	  
system.	   Motivations	   range	   from	   practical	   discussions	   of	   waste	   management,	   lost	  
economic	  value	  and	  environmental	  impacts	  to	  philosophical	  discourses	  about	  our	  ethics	  
and	  moral	  obligations	  to	   take	  care	  of	   food	  due	  to	  the	  starvation	  experienced	  by	  many	  
people	  today.	  	  
This	   residual	   resource	   is	   generated	   from	  households,	   grocery	   stores,	   food	   processing	  
and	   the	   service	   industries.	   According	   to	   the	   FAO	   (2013),	   consumer	   food	   waste	   in	  
developed	   countries,	   at	   222	   million	   tons,	   is	   nearly	   as	   much	   as	   the	   total	   net	   food	  
production	  in	  sub-‐‑Saharan	  Africa,	  at	  230	  million	  tons.	  

and	  action.	  Select	  results	  are	  shown	  in	  Figure	  17.	  The	  figure	  shows	  the	  top	  10	  pairs	  for	  
each	  of	  the	  categories:	  Volume,	  Carbon,	  Blue	  water	  and	  Arable	  Land.	  It	  also	  shows	  the	  
top	   5	   region*commodity	   pairs	   for	   Non-‐‑
wastage	  of	  Cereals	  represents	  nearly	  8%	  of	  total	  food	  waste	  in	  volume.	  14%	  of	  carbon	  
from	  total	   food	  waste,	  13%	  of	  blue	  water	  used	  to	  grow	  wasted	  food	  and	  5%	  of	  arable	  
land	  used	  to	  grow	  wasted	  food.	  
	  
Figure	  17.	  Top	  Region*Commodity	  Pairs	  (FAO	  2013)	  

	  
The	   global	   volume	   of	   food	   wastage	   was	   around	   1.6	   Gtonnes	  

agricultural	  production	  was	  approximately	  6	  Gtonnes	  (FAO	  2013).	  
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Results	  from	  the	  study	  indicated	  that	  the	  responsibility	  for	  overall	  food	  wastage	  volume	  
was	  divided	  fairly	  evenly	  between	  upstream	  (production,	  handling	  and	  storage)	  at	  54%	  
and	  downstream,	   including	  processing,	  distribution	  and	  consumption,	   at	  46%	  of	   total	  
volume	   (FAO	   2013).	   Agricultural	   production	   alone	   represented	   33%.	   	   Of	   course	   the	  
downstream	  values	  vary	  hugely	  between	  regions,	  generally	  based	  on	  income	  levels.	  	  
In	   terms	  of	  carbon	  footprint,	   food	  wastage	  ranked	  as	   the	  number	  three	  emitter	   in	  the	  
world,	   after	   the	  US	   and	  China,	  with	  3.3	  Gtonnes	  of	   CO2eq	   (not	   including	   impacts	   from	  
land	  use	  c
production,	  which	  used	  nearly	  1.4	  billion	  hectares	  of	  land	  (FA0	  2013).	  
There	  are	  many	  hotspots	  where	  improvements	  can	  be	  realized	  and	  the	  fact	  that	  Europe	  
shows	   up	   several	   times	   in	   the	   above	   list	   shows	   that	   European	   production	   is	   not	  
excluded	  from	  this.	  Even	  though	  most	  of	  the	  impact	  of	  food	  production	  on	  biodiversity	  
occurred	  in	  tropical	  and	  sub-‐‑tropical	  regions	  (FAO	  2013),	  this	  is	  still	  relevant	  in	  Norway	  
if	  foods	  imported	  from	  those	  places	  were	  subsequently	  wasted.	  	  	  
Despite	   the	   thorough	   research	   from	   the	   FAO,	   and	   their	   use	   of	   the	   novel	   approach	   of	  
including	  multiple	  indicators	  in	  a	  systems	  analysis,	  P	  and	  energy	  were	  not	  included	  and	  
the	   countries	   were	   aggregated	   in	   a	   way	   that	   does	   not	   aid	   in	   understanding	   national	  
systems.	  	  	  	  
	  
European	  Level	  
On	   the	   European	   level,	   there	   is	   a	   large	   project	   called	   FUSIONS	   (Food	   Use	   for	   Social	  
Innovation	   by	  Optimizing	  Waste	   Prevention	   Strategies),	  which	   began	   in	   August	   2012	  

programme	  7	   (FOOD).	  The	  European	  Commission	  has	   stated	   targets	   of	   reducing	   food	  
waste	  by	  50%	  by	  2020,	  and	  also	  reducing	  the	  resource	  inputs	  to	  the	  food	  supply	  chain	  
by	  20%	   in	   the	   same	  period.	  The	  FUSIONS	   initiatives	  will	   approach	   the	   issue	  with	   the	  

	  They	  hope	  to	  harmonize	  
definitions	  and	  methods	  for	  mapping	  food	  waste	  in	  Europe	  and	  to	  develop	  the	  basis	  for	  
a	  common	  "Food	  Waste	  policy	  "for	  the	  EU-‐‑27.	  (ForMat,	  2013)	  
There	   are	   21	   project	   partners	   from	   13	   countries,	   including	   universities,	   consumer	  
organizations	   and	   businesses.	   These	   coordinated	   efforts	   will	   attempt	   to	   describe	  
lessons	  learned	  from	  previous	  and	  ongoing	  projects	  in	  both	  Europe	  and	  North	  America	  
and	  lay	  the	  foundation	  for	  a	  joint	  methodology.	  	  

project	  but	  are	  less	  engaged).	  Østfoldforskning	  is	  the	  only	  Norwegian	  partner	  but	  has	  a	  
central	  role,	  and	  ForMat	  and	  REMA	  1000	  are	  the	  only	  Norwegian	  members.	  Norway	  is	  
not	   represented	   in	   the	   initiatives	   section.	   Sweden,	   in	   contrast,	   has	   four	   partners,	   18	  
members	  and	  five	  initiatives	  (EU	  FUSIONS	  2014).	  	  
	  
	  	  
	  
Table	  20	  gives	  a	  brief	  overview	  of	  the	  different	  initiatives	  on	  food	  waste	  on	  different	  
levels	  and	  with	  differing	  scopes	  and	  focus.	  More	  detail	  is	  found	  in	  the	  text	  and	  in	  the	  
references	  given.	  
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Table	  20	  Overview	  of	  Food	  Waste	  Initiatives	  Globally,	  in	  Europe	  and	  in	  Norway	  

Name	   Type	   and	  
Regional	  
Scope	  

Focus	  
(Stages)	  

Goal	   Partners	   Definition	  Used	   Time	  Span	  

ForMat	   Norwegian	  
Study	  

	   -‐‑25%	  
Norwegian	  
food	   waste	   by	  
2015.	  

Østfoldforskning	  
Nofima	   	  

Distinguish	   edible	   and	   potentially	   edible	   and	  
exclude	  inedible.	  

Ongoing	  

Cycle	   Nordic	  
Initiative	  

Whole	  FSC	   	   Many	   Not	  specified	   Four	   years.	  Began	  March	  
2013	  

FAO	   Food	  
Losses	   and	  
Waste	  
	  

Global	  Report	   Whole	  FSC	   Information	  
Gathering	  

	   Only	   consider	   what	   was	   intended	   for	   human	  
consumption	  

food	  losses	  early	  in	  the	  FSC	  	  

food	  waste	   at	   the	   retail	   and	   final	   consumption	  
stages.	  

	  

Report	   complete,	   now	  
working	   on	   the	   Food	  
Wastage	  Footprint	  

FAO	   Food	  
Wastage	  
Footprint	  

Global	  Report	   Whole	  FSC	   Information	  
gathering	  

	   Food	   wastage	   refers	   to	   any	   food	   lost	   by	  
deterioration	   or	   waste.	   Thus,	   the	   term	  

waste	  (as	  defined	  above).	  

Phase	  I	  complete.	  	  

FUSIONS	   EU-‐‑27	  
Initiative	  

Whole	  FSC	   -‐‑50%	   in	   food	  
waste	  
-‐‑20%	   in	   FSC	  
resource	  
inputs	  
By	  2020	  

21	   from	   13	  
countries.	   Involves	  
all	  Nordic	  countries	  
except	  Iceland	  
See	  Figure	  #	  

Not	  specified	   August	  2012-‐‑	  July	  2016	  

Prevention	  of	  
Food	  Waste	  

Norwegian	  
Industry	  
Initiative	  

	   	   Nofima,	  
Østfoldforskning	  
and	  SIFO	  

	   Complete.	   July	   2010-‐‑	  
June	  30	  2013	  
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8.7 Appendix	  7.	  Food	  Waste	  at	  the	  Norwegian	  Level	  
Several	  research	   institutions	  and	  programs	  have	   investigated	  the	   food	  waste	  situation	  
in	  Norway.	  Nofima	  is	  a	  food	  research	  institution	  in	  Norway,	  which	  works	  with	  industry	  
and	  has	  a	  focus	  on	  naturally	  increasing	  the	  shelf	  life	  of	  high	  value	  products	  like	  beef	  and	  
lamb.	   Nofima	   had	   a	   Food	  Waste	   Prevention	   project	   in	   Norway	   with	   a	   focus	   on	   high	  
volume	  and	  value	   food	  waste	  with	  short	  or	  variable	  shelf	   life	   (Nofima	   -‐‑	  Prevention	  of	  
food	  waste	  Project	  n.d.).	  It	  was	  funded	  by	  the	  Research	  Council	  of	  Norway	  and	  ran	  from	  
July	  2010	   to	   June	  2013.	   	  They	  collaborated	  on	   this	  project	  with	  Østfoldforskning	   	  and	  
SIFO	  (Statens	  Institutt	  for	  forbruksforskning).	  Nofima	  is	  also	  a	  participant	  in	  the	  ForMat	  
project,	  which	  was	  tightly	  linked	  to	  the	  Food	  Waste	  Prevention	  project.	  
	  
The	  ForMat	  project	  thus	  far	  was	  an	  industry	  endeavor	  with	  the	  goal	  of	  a	  25%	  reduction	  
in	   food	   waste	   in	   Norway	   by	   2015	   (ForMat	   2013).	   It	   appeared	   that	   the	   project	   was	  
concluded	  but	  discussion	  with	  a	  Østfolkforskning	  researcher	  indicated	  that	  it	  continues.	  
It	   involves	   NHO	   (Confederation	   of	   Norwegian	   Enterprise)	   and	   retail	   and	   the	   food	  
industries,	  but	   the	  professional	   responsibility	   is	  held	  by	  Østfoldforskning.	   The	  project	  
has	  three	  sub-‐‑projects,	  

 Survey	  of	  food	  waste	  every	  year	  
 Communication	  and	  dissemination	  
 Network	  projects	  related	  to	  specific	  value	  chains	  or	  issues	  of	  food	  waste	  
(O.	  J.	  (Østfoldforskning)	  Hanssen	  &	  Møller	  2013)	  

	  
The	  ForMat	  project	  has	  produced	  three	  reports	  discussing	  the	  results	  of	  surveys	  of	  food	  
waste	  in	  Norway	  from	  manufacturers,	  wholesalers,	  grocery	  stores	  and	  consumers.	  	  
They	  found	  that	  the	  five	  main	  drivers	  of	  increased	  food	  waste	  in	  Norway	  (Hanssen	  n.d.)	  
are	  as	  follows:	  
-‐‑ Population	  increase	  
-‐‑ Younger	  generations	  waste	  more	  (60+	  years	  waste	  10%	  of	  fresh	  food,	  26-‐‑39	  waste	  

27%)	  	  
-‐‑ Waste	   amounts	   per	   person	   are	   larger	   in	   small	   households	   and	   more	   people	   are	  

living	  alone	  
-‐‑ Less	  meals	  are	  eaten	  at	  home	  
-‐‑ Increased	  product	  variety	  is	  available	  
	  
In	  their	  customer	  polling,	  the	  most	  frequent	  reason	  for	  disposing	  of	  a	  product	  was	  that	  

markings	  are	  simply	  a	  warning	   to	  be	  more	  aware	  of	  product	   freshness	  after	  a	  certain	  
amount	   of	   time.	  
redistribute	  food	  to	  those	  in	  need.	  ForMat	  aided	  with	  funding	  and	  the	  Salvation	  Army,	  
Blue	  Cross	  and	  Church	  City	  Mission	  established	  Matsentralen	  SA	  in	  September	  2013.	  It	  
was	  estimated	  that	  this	  initiative	  would	  help	  3000	  clients	  daily	  and	  prevent	  up	  to	  1000	  
tons	  of	  food	  waste	  per	  year	  (ForMat..).	  
	  
	  
	  
Also	   in	  Norway,	   there	   is	  a	  very	  promising	  recent	   initiative	  that	   involves	  many	  diverse	  
partners	  with	   the	  goal	  of	   improving	   resource	  utilization	   in	   the	  Norwegian	   food	  chain.	  

un	  for	  four	  years,	  having	  started	  in	  March	  2013,	  
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with	   a	   budget	   of	   500	   million	   kroner	   (majority	   funded	   by	   the	   Norwegian	   Research	  
Council)(Cycle	   2013).	   	   They	   are	   taking	   an	   interdisciplinary	   and	   holistic	   approach,	  
recognizing	  the	  interconnectedness	  of	  the	  FSC	  and	  the	  potential	  for	  problem	  shifting.	  In	  
terms	   of	   product	   groups	   they	   focus	   on	   fish,	   chicken	   and	   vegetables.	   There	   are	   five	  
different	  research	  areas,	  or	  work	  packages,	  most	  including	  a	  strong	  technology	  focus:	  	  

 Automated	   quality	  
differentiation	  &	  sorting	   of	  
co-‐‑streams	  and	  waste	  

 Resource-‐‑efficient	  
bioprocessing	   technologies	  
for	  food	  industry	  

 Bio-‐‑processing	   of	   waste	   for	  
feed,	  fertilizer	  &	  energy	  

 Food	  safety	  &	  logistics	  
 Socio-‐‑economy	   	  
market	  &	  consumer	  
(Cycle	  Project	  2014)	  
	  

	  
There	   are	   many	   partners,	   including	  
Sintef,	   NTNU,	   the	   BAMA	   group,	  
Nofima,	   SIFO,	   Bioforsk,	   VTT	   and	  
others	   (See	   Figure	   18	   Cycle	   Project	  
Partnersfor	  a	  more	  detailed	  list).	  The	  
project	   involves	  not	  only	  Norwegian	  
institutions	   and	   considerations	   but	  
also	   research	  partners	   from	  Finland	  
and	  Denmark.	  	  

Clearly	   the	   third	   work	   package	   is	  
most	  relevant	  to	  this	  report	  with	  the	  

Convert	  
waste	  not	  appropriate	  for	  utilization	  
as	   human	   food	   to	   feed,	   feed	  
ingredients	   or	   fertilizer,	   possibly	   in	  
combination	   with	   energy	  

(EU	  FUSIONS	  2014)	  

	  
The	   sheer	  magnitude	   of	   these	  wastes	   and	   impacts	   shows	   the	   importance	   of	   pursuing	  
research	  and	  taking	  action	  on	  food	  waste.	  There	  are	  some	  obstacles	  when	  undertaking	  
research	   in	   this	   area,	   and	   an	   important	   one	   relates	   to	   how	   you	   define	   your	   terms.	   A	  
discussion	  of	  definitions	  in	  the	  literature	  follows.	   	  

Figure  18  Cycle  Project  Partners	  
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8.8 Appendix	  8.	  Definitional	  Discussion	  

All	  
According	  to	  Gjerris	  &	  Gaiani	  (2013),	  most	  studies	  on	  food	  waste	  are	  nearly	  impossible	  
to	  compare	  due	  to	  differing	  definitions	  and	  methodology.	  From	  the	  literature	  reviewed	  
for	  this	  report	  it	  was	  clear	  that	  the	  authors	  were	  not	  always	  explicit	  about	  the	  definition	  
that	  they	  are	  using.	  The	  FAO	  Report	  on	  Global	  Food	  Losses	  and	  Waste	  (Gustavsson	  et	  al.,	  
2011)	  was	  very	  clear	  and	  elaborates	  on	  the	  terms	  used.	  	  As	  seen	  in	  the	  title,	  the	  authors	  

considering	  products	  directed	   to	  human	  consumption,	  automatically	  excluding	  animal	  
feed	  and	  product	  portions	   that	  are	  not	  edible	   (bones	  etc).	  The	  definitions	  were	   taken	  
from	  another	  author,	  Parfitt	  et	  al	  2010.	  According	  to	  Parfitt	  and	  the	  FAO,	  food	  losses	  are	  
those	   that	  happen	  early	   in	   the	  FSC	  such	  as	   those	  during	  production,	  post-‐‑harvest	  and	  
processing	  and	  food	  waste	  happens	  at	  or	  near	  the	  end	  of	  the	  FSC,	  at	  the	  retail	  and	  final	  
consumption	  stages.	  

The	   way	   food	   waste	   is	   defined	   has	   many	   important	   implications,	   including	  
comparability	  between	  studies,	  but	  also	  with	  ethical	   issues	   (Gjerris	  &	  Gaiani	  2013).	  In	  
their	   investigation	   into	   household	   food	  waste	   in	   Nordic	   countries,	   Gjerris	   and	   Gaiani	  
only	   looked	   at	   the	  waste	   thrown	   from	  private	   households,	   thereby	   excluding	   the	   FSC	  
wastes	   accompanying	   that	   end	  user	  disposal.	   Some	  extremists	   go	   so	   far	   as	   to	   include	  
overconsumption	  of	  food,	  and	  consumption	  of	  animal	  proteins	  as	  food	  waste	  (Gjerris	  &	  
Gaiani,	  2013).	   	  Also,	  
been	  used	  by	  some	  studies	  and	  organizations	  (Stenmarck	  et	  al.	  2011).	  
	  Stenmarck	  defines	  avoidable	  food	  waste	  as	  food	  that	  was	  edible	  at	  some	  point	  prior	  to	  
disposal	   (for	   example	   leftovers)	   partially	   avoidable	   food	   waste	   is	   waste	   generated	  
because	  of	  different	  consumer	  habits	  (e.g.	  bread	  crusts,	  apple	  skins);	  and	  unavoidable	  
food	  waste	   is	   inedible	  but	  cannot	  be	  separated	  prior	   to	  preparation	  and	  consumption	  
(e.g.	   eggshell,	   coffee	   grounds).	   The	   FAO	   definition	   is	   useful	   because	   it	   automatically	  
excludes	   this	   last	  category	  of	  unavoidable	   food	  waste,	   though	   that	  may	  prove	  difficult	  
during	  data	  collection	  in	  practice.	  	  	  
	  
Another	   interesting	   perspective	   comes	   from	   researchers	   at	   the	   Department	   of	  
Production	   and	   Quality	   Engineering	   at	   the	   Norwegian	   University	   of	   Science	   and	  
Technology	   (NTNU).	   Chabada	   et	   al.	   (2013)	   have	   applied	   the	   seven	   wastes	   approach	  
from	   Lean	   Production	   theory	   to	   see	  what	   light	   it	   sheds	   onto	   a	   Norwegian	   fresh	   food	  
supply	   chain.	   Lean	   theory	   defines	  waste	   as	   any	   activity	   that	   adds	   costs	   or	   consumes	  
time	  without	  adding	  value	  to	  the	  customer	  (Womack	  and	  Jones,	  2005).	  	  
The	  seven	  types	  of	  waste	  are:	  

 Transportation	  
 Inventory	  
 Motion	  
 Waiting	  
 Overproduction	  
 Over-‐‑processing	  
 Defects	  

(Chabada	  et	  al.	  2013)	  
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The	   conference	   paper	   describing	   their	   efforts	   towards	   a	   framework	   for	   waste	  
identification	  (Chabada	  et	  al.	  2013)	  also	  related	  these	  seven	  types	  to	  four	  categories	  of	  
waste:	   time,	   distance,	   energy	   and	   mass.	   From	   an	   environmental	   perspective	   we	   are	  
most	  interested	  in	  the	  energy	  and	  mass.	  The	  results	  are	  presented	  in	  Figure	  19	  where	  
for	   Food	   producers,	   Wholesalers	   and	   Retailers,	   the	   seven	   waste	   types	   are	   listed	   in	  
relation	   to	   the	   four	  categories	  of	  waste.	   It	   shows	   that	  Transportation,	  Overproduction	  
and	  Defects	  cause	  all	  types	  of	  waste,	  at	  all	  nodes	  examined.	  
	  

	  
Figure	  19	  Classification	  of	  wastes	  in	  fresh	  food	  supply	  chains.	  Chabada	  et	  al.	  2013	  

	  

	  
	  

8.9 Appendix	  9.	  Waste	  Food	  Hierarchy	  
	  

	  
Figure	  20	  Waste	  Food	  Hierarchy	  by	  Tristram	  Stuart	  

	  

	  


