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HOUSE BILL NO. 780
RELATING TO NUTRIENT CYCLING

Chairperson Creagan and Members of the Committee:

Thank you for the opportunity to testify on House Bill 780, which makes an
appropriation for a nutrient cycling center pilot project on Maui and requires the
Department to report on the efficacy of the pilot project. The Department supports the
intent of the bill provided that its passage does not replace or adversely impact priorities

indicated in our Executive Budget.

The Department lacks the scientific capability for implementing the complete
composting process and distribution. This could be a collaborative project in
partnership with the Hawaii Department of Agriculture, the University of Hawaii College

of Tropical Agriculture and Human Resources, and the Hawaii Farmers Union United.

Thank you for the opportunity to testify on this measure.
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ON THE FOLLOWING MEASURE:
H.B. NO. 780, RELATING TO NUTRIENT CYCLING.

BEFORE THE:
HOUSE COMMITTEE ON AGRICULTURE

DATE: Wednesday, February 01, 2017 TIME: 8:30 a.m.
LOCATION: State Capitol, Room 312

TESTIFIER(S): Douglas S. Chin, Attorney General, or
Andrew Goff, Deputy Attorney General

Chair Creagan and Members of the Committee:

The Department of the Attorney General provides the following technical
comments on this bill, the purpose of which is to establish a nutrient cycling pilot
program on Maui.

We note that although the bill refers to a nutrient cycling program, the bill does
not clearly establish such a program. We also note that the bill refers to a panel to be
selected by the Department of Agriculture, but does not include a mechanism for
appointing panel members, a description of criteria for panel members, or a description
of the duties of the panel.

To resolve these concerns, we recommend amending the bill at page 4, lines 1-
3, with language similar to the following:

“There is established a nutrient cycling pilot program on the island of Maui, to be
run by the Department of Agriculture. The board of agriculture shall establish a panel,
consisting of three members with expertise in agriculture and knowledge of nutrient
cycling, to advise the department of agriculture regarding the program. The nutrient
cycling program:”

The Department of the Attorney General would be happy to review any other

proposed language. Thank you for the opportunity to testify.
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From: mailinglist@capitol.hawaii.gov

Sent: Monday, January 30, 2017 2:27 PM

To: AGRtestimony

Cc: mendezj@hawaii.edu

Subject: *Submitted testimony for HB780 on Feb 1, 2017 08:30AM*
HB780

Submitted on: 1/30/2017
Testimony for AGR on Feb 1, 2017 08:30AM in Conference Room 312

Submitted By Organization Testifier Position Plzeezer?r:gat
| Javier Mendez-Alvarez || Individual | Support | No
Comments:

Please note that testimony submitted less than 24 hours prior to the hearing, improperly
identified, or directed to the incorrect office, may not be posted online or distributed to
the committee prior to the convening of the public hearing.

Do not reply to this email. This inbox is not monitored. For assistance please emalil
webmaster@capitol.hawaii.gov
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Aloha Chair Creagan, Vice Chair DeCoite, and Members of the Committee:

| am Randy Cabral, President of the Hawaii Farm Bureau (HFB). Organized since 1948,
the HFB is comprised of 1,900 farm family members statewide, and serves as Hawaii’s
voice of agriculture to protect, advocate and advance the social, economic and
educational interests of our diverse agricultural community.

The Hawaii Farm Bureau provides comments HB 780, appropriating funds for a
nutrient recycling program on Maui.

HFB strongly supports the concept of building soil structure and nutrient capacity. Caring
for the soil is a cornerstone to having multigenerational farms that continue to provide for
the people of Hawaii. Many of our farms add compost made off site as well as utilize
short term fallow between crop cycles to increase organic content in their soils. Federal
programs such as EQIP from the USDA Natural Resources Conservation Service,
(NRCS) provide funds to offset costs to farmers who voluntarily implement these
programs. Here are links to NRCS standards. Farmers implementing these practices will
qualify for federal cost share using the Environmental Quality Incentive Program (EQIP)
program.

Composting facility
https://efotg.sc.egov.usda.gov/references/public/HI/317 Pl Standard.pdf

Nutrient management
https://efotg.sc.eqov.usda.gov/references/public/HI/590 Pl Standard.pdf

Farmers need to determine practices that work for them. For example a farmer may
institute short term cover crops and this practice too qualifies for cost share using EQIP.
The standard that needs to be followed is:
https://efotqg.sc.egov.usda.gov/references/public/HI/340 Pl Standard.pdf



https://efotg.sc.egov.usda.gov/references/public/HI/317_PI_Standard.pdf
https://efotg.sc.egov.usda.gov/references/public/HI/590_PI_Standard.pdf
https://efotg.sc.egov.usda.gov/references/public/HI/340_PI_Standard.pdf

There are various funding mechanisms available that should be considered and
incorporated to reach the ultimate goal as envisioned in this measure.

HFB will be happy to continue conversations in this matter. USDA-NRCS has a wealth
of information and is a valuable resource. One of the mission goals of Hawaii Association
of Conservation Districts, parent organization of the various Soil and Water Conservation
Districts (HACD) that partners with NRCS is the delivery of these services. HACD
funding will enhance the capacity of the organization to deliver federal funding
opportunities to our farmers and ranchers.

Thank you for this opportunity to testify on this measure.



From: mailinglist@capitol.hawaii.gov

Sent: Tuesday, January 31, 2017 10:21 AM

To: AGRtestimony

Cc: legechair@gmail.com

Subject: Submitted testimony for HB780 on Feb 1, 2017 08:30AM
HB780

Submitted on: 1/31/2017
Testimony for AGR on Feb 1, 2017 08:30AM in Conference Room 312

Submitted By Organization Testifier Position Plzeezer?r:gat
|  SimonRussell | Individual | Support | No

Comments: Aloha Chair Creagan, Vice Chair DeCoite and honorable members of the
committee, My self and my company Farm Maui strongly support this measure. As a
farmer, soil inputs is one of my major costs of production. | look forward to having
access to affordable and sewage sludge free compost and locally produced fertilizer.
This measure is what our industry needs to increase soil health and lower production
costs. With the inevitable disappearance of Maui Eko compost and the incoming waste
to energy company Anergia coming to Maui the availability of compost is about to drop.
By passing this measure, you will support the concept of regional nutrient cycling, and it
will be possible to continue to monitor and control the invasive species in the green
waste stream by region. It is well known that green waste is a vector for Little Fire Ants
and Coqui Frogs and Rapid Ohia Death . The smaller the distance we truck green
waste, the lower the risk of spreading invasive species is. Thus the reasoning to have
composting in every region, and not be spreading invasive species island wide. | hope
you will agree that when Hawaii has a version of this pilot program in every agriculture
community state wide, Hawaii will create affordable fertilizer for the producers there and
isolate the spread of invasive species. With this approach, they can more easily be
monitored and controlled. Mahalo for your attention on this important measure and to
the farming industry in Hawaii. Simon Russell Owner Farm Maui LLC

Please note that testimony submitted less than 24 hours prior to the hearing, improperly
identified, or directed to the incorrect office, may not be posted online or distributed to
the committee prior to the convening of the public hearing.

Do not reply to this email. This inbox is not monitored. For assistance please email
webmaster@capitol.hawaii.gov



From: mailinglist@capitol.hawaii.gov

Sent: Tuesday, January 31, 2017 11:49 AM

To: AGRtestimony

Cc: keith@keithranney.com

Subject: Submitted testimony for HB780 on Feb 1, 2017 08:30AM
HB780

Submitted on: 1/31/2017
Testimony for AGR on Feb 1, 2017 08:30AM in Conference Room 312

Submitted By Organization Testifier Position Plzeezer?r:gat
|  KeithRanney | Individual | Support | No

Comments: A nutrient recycling program can replace a lot of imported fertilizers and
help to mitigate climate change by sequestering carbon.

Please note that testimony submitted less than 24 hours prior to the hearing, improperly
identified, or directed to the incorrect office, may not be posted online or distributed to
the committee prior to the convening of the public hearing.

Do not reply to this email. This inbox is not monitored. For assistance please emalil
webmaster@capitol.hawaii.gov



From: mailinglist@capitol.hawaii.gov

Sent: Tuesday, January 31, 2017 11:49 AM

To: AGRtestimony

Cc: sunnysavage@gmail.com

Subject: *Submitted testimony for HB780 on Feb 1, 2017 08:30AM*
HB780

Submitted on: 1/31/2017
Testimony for AGR on Feb 1, 2017 08:30AM in Conference Room 312

Submitted By Organization Testifier Position Prese?‘t at
Hearing
| Sunny Savage-Luskin | Individual | Support | No
Comments:

Please note that testimony submitted less than 24 hours prior to the hearing, improperly
identified, or directed to the incorrect office, may not be posted online or distributed to
the committee prior to the convening of the public hearing.

Do not reply to this email. This inbox is not monitored. For assistance please emalil
webmaster@capitol.hawaii.gov
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Foreword

THE CIRCULAR ECONOMY HAS RECENTLY BECOME A KEY
ISSUE IN Finland. In many cases, the focus is on waste recycling,
despite the greater potential value to be found in sustainable
manufacturing, the reuse and remanufacturing of products and
materials, and maintenance. In a circular economy, materials
and value would circulate within society while, say, services and
intelligent solutions added value to products. The objective is
to reduce waste and create a system with zero loss of material.

According to the Sitra and McKinsey study “The opportu-
nities of a circular economy for Finland” (2015), conservative
estimates put the value creation potential of Finland's circu-
lar economy at EUR 1.5-2.5 billion in five investigated sec-
tors: the forest industry, machinery and equipment, the food
industry, private consumption, and changing the purpose of
real estate. The value potential for the national economy is
many times higher.

Nutrients are a crucial resource for society. Major eco-
nomic value lies in the development of efficient nutrient
cycles, as well as the reduction of nutrient loss and of the
resulting harmful environmental emissions.

In collaboration with Gaia Consulting Oy, Sitra has per-
formed the first assessment of the economic potential of nu-
trient cycling for Finland: By 2030, nutrient cycling will have
a potential value of EUR 0.5 billion in the studied sectors. This
financial added value is based on four business cases: fertil-
iser leasing, replacing imported soybeans with broad beans,
using low-value fish as a source of feed and biogasification
to drive the nutrient cycle, and the associated benefits of re-
duced eutrophication of the Baltic Sea. Other examples of
business potential are also described. Drawn up in collabora-
tion with sectoral actors, a roadmap for realising the benefits
to the national economy was included in the study. The re-
sults were formulated into three key objectives: 1) Primacy of
recycled nutrients, 2) Practical trials of nutrient cycling and
3) Collaboration between nutrient cycle builders. This report
and the roadmap will create concrete opportunities for com-
panies, consumers and Finland as a whole.

The circular economy is a spearhead project in the strate-
gic programme of Juha Sipild's government. The government
programme also gives clear recognition to the potential of
nutrient cycling. Nutrient cycling lies at the core of the circu-
lar economy. Around the world and in Finland, key nutrients
such as phosphorus and nitrogen are being lost in an unsus-
tainable manner. Fostering the sound ecological status of the
Baltic Sea, reducing the leaching of nutrients into water bod-
ies, and enhancing nutrient and energy self-sufficiency in ag-
riculture are focus areas in the government programme.

On the basis of these surveys, Sitra, the Baltic Sea Ac-

tion Group and Lappeenranta University of Technolo-

gy propose three goals in boosting Finland's economic
growth and the status of the Baltic Sea:

« By 2020, 10% of manure from Finland will be pro-
cessed into precision fertilisers. Finland will invest in
developing nutrient recovery technologies.

+ By 2023, 100% of biowaste will be recovered and
recycled.

« By 2035, municipal wastewater treatment processes
will be modified to recycle and recover nitrogen and
carbon in addition to phosphorus.

These goals can be accomplished by creating forerun-
ner markets. The state must create incentives and adjust
regulation to steer operators towards recycling rather than
importing nutrients. Investments in research and devel-
opment must be directed at new nutrient recycling tech-
nologies and trials. Finland and other Baltic Sea countries
should join forces to ensure the creation of an EU nutrient
policy and nutrient cycling must become a key part of the
European Commission’s circular economy strategy, which is
currently the responsibility of Jyrki Katainen.

In addition to Sitra and Gaia, the management group in
charge of exploring the economic potential of nutrient cy-
cling for Finland included representatives of the Baltic Sea
Action Group (BSAG) and Lappeenranta University of Tech-
nology. Kari Herlevi, Senior Lead at Sitra, acted as chair of
the management group. We would like to extend our warm
thanks to Gaia's experts and our partners involved in the
project: llkka Herlin, Mathias Bergman, Marja Koljonen, Riku
Venhola and Pieta Jarva from the Baltic Sea Action Group;
Lassi Linnanen and Mirja Mikkild of Lappeenranta Universi-
ty of Technology, and Hannele Pokka from the Ministry of
the Environment.

Helsinki, 1 September 2015

Mari Pantsar
Director, Resource-wise and carbon-neutral society

Kari Herlevi
Senior Lead, Circular Economy

Sitra






Sitra Studies 104

The economic value and opportunities of nutrient cycling for Finland

Aho, Pursula, Saario, Miller, Kumpulainen, Paallysaho, Kontiokari, Autio, Hillgren, Descombes
Gaia Consulting

October 2015

Contents

1 Introduction

2 Nutrient economy
2.1 The concepts of the nutrient economy
2.2 The nutrient economy in Finland
2.3 Avision of a sound nutrient economy
2.4 The logic of the added value of nutrient cycling
2.5 The sustainability benefits and risks of recycled nutrients

3 The opportunities presented by the nutrient economy
3.1 Selection of examples
3.2 Enhancing nutrient cycles in agriculture
3.3 New sources of feed
3.4 The role of households in promoting nutrient cycling
3.5 The recovery and recycling of nutrients
3.6 The opportunities of nutrient cycling for Finland

4 From consumption of nutrients to nutrient economy
4.1 Paradigm shift
4.2 Bottlenecks in nutrient cycling
4.3 Roadmap to a circular nutrient economy

co o & b

O

10

13
13
15
17
25
29
35

38
38
39
40



SITRA STUDIES 104
The economic value and opportunities of nutrient cycling for Finland « Introduction

T Introduction

Phosphorus and nitrogen are key nutrients for every liv-
ing being. The natural cycle of phosphorus is based on
soil erosion. Plants, on the other hand, fix nitrogen from
the air into the soil. Nutrients are taken from the soil by
plants and re-released into circulation as organic materi-
al decomposes.

Human activities can disturb natural nutrient cycles
in a number of ways, such as disruption of natural cycles,
transfer of nutrients to the wrong places or soil exhaustion.
Nutrients are removed by the harvesting of food and feed
plants or trees, and replaced using industrially manufac-
tured fertilisers. After their consumption, nutrients are re-
turned to the nutrient cycle by means such as the reuse of
nutrient containing waste from food cycle or by recover-
ing nutrients from waste water sludges. Recycled nutrients
can be used to replace mineral fertilisers and intensify the
use of dwindling nutrient resources. When nutrient cycles
are closed, the environmental impacts - such as eutrophi-
cation - of runoff due to the loss and accumulation of nu-
trients will also diminish.

Very little work has been done on the overall eco-
nomic impact of the nutrient cycle. As a rule, nutrient

loss has minimal economic value when viewed solely
on the basis of current cost levels - the price per kilo-
gramme of phosphorus and nitrogen. Significant part of
the positive economic effects of nutrient cycling would
derive from the reduction and reversal of health and en-
vironmental problems.

Nitrogen compounds released into the air is an exam-
ple of health problems. Most nitrogen compounds origi-
nate in long-distance sources such as energy production
and traffic. Fertiliser users and those handling nutrient-rich
masses are another source of environmental loading. It is
estimated that health and environmental problems due to
atmospheric reactive nitrogen cause over EUR 70 billion in
costs in the EU area alone’.

The economic value of nutrient cycling can be calcu-
lated from various perspectives. Inhabitants of the coast-
al states of the Baltic Sea are prepared to pay up to EUR
3,800 million a year to reduce the eutrophication caused
by nutrient runoff2. Reaching the water quality targets
set by the Baltic Marine Environment Protection Com-
mission would require EUR 2,300 million3. The nutrient
cycle is thought to account for up to half of the economic

"Yale, environment 360. With too much of a good thing, Europe tackles excess nitrogen, 2014.
2 Ericsdotter, S., Nekoro, M., Scharin, H. 2013 The Baltic Sea - Our Common Treasure. Economics of saving the sea. BalticSTERN Secretariat, Stockholm Resilience

Centre, Stockholm University.

3 Costanza et al. (1997), The value of the world’s ecosystem services and natural capital.
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value of ecosystem services. On the other hand, in terms
of the trade balance annual imports of phosphorus to the
EU amount to more than two billion euros per year. It is
estimated that replacing this imported phosphorus with
recycled nutrients would directly create 66,000 new jobs*.

In addition, solutions based on recycled nutrients have
growing global markets. The export of technologies and
service solutions developed and piloted in the home mar-
ket has a positive impact on the trade balance.

The objective of this project was to identify the eco-
nomic value of nutrient cycling for Finland and to create
a roadmap for realising such value. The study focuses on
the value of efficient cycling of phosphorus and nitrogen
and the related opportunities for Finland in the food chain,
covering primary production (agriculture and livestock),
the food industry, households, waste management and fi-
nal disposal/production of recycled nutrients. This study
examines this as a distinct but holistic issue focused on the
food chain. However, nutrient cycling has strong synergies
with the sustainable bioeconomy, the productivity of ag-
riculture and forestry, waste management and sewerage,
air quality, public health, preparation for climate change
and food security.

The study was realised by describing a range of prac-
tical examples of the promotion of nutrient cycling and
evaluating their commercial value using a cash flow-based,
regional economic model developed by Gaia. Each of the
examples, which were selected in collaboration with the
project management group, provides a different perspec-
tive on boosting the nutrient cycle. New opportunities for
nutrient cycling are described, with a focus on issues such
as the potential of business activities and concepts, the
potential for raising the added value of nutrient products,
the renewal of the nutrient cycle infrastructure, and the

4 European Sustainable Phosphorus Platform (ESPC), 2013

application of international good practices. The vision of
the nutrient cycle and the added value logic described in
Section 2 were drawn up by experts and approved by the
management group.

This report calculates the annual added value of nu-
trient cycling for Finland as EUR 510 million euros, or
around half a billion euros. Finland's overall econom-
ic potential is presented as the value of the annual net
change between 2030 and the current situation. This po-
tential is based on both the examples calculated using the
regional economic model and the benefits resulting from
reduced eutrophication of the Baltic Sea. By 2030, the eco-
nomic value of the calculated examples - including fertil-
iser leasing, use of broad beans as a replacement for im-
ported soybeans, use of low-value fish as a source of feed,
and biogasification as a driver of nutrient cycling - will
total EUR 310 million a year for Finland. The correspond-
ing benefit of reduced eutrophication of the Baltic Sea is
around EUR 200 million?.

Other fringe benefits of efficient nutrient cycling in-
clude synergies in other sectors, reduced risks, improved
security of supply, and reduced health and environmental
hazards. The economic value of the last-mentioned bene-
fits was not evaluated by the project.

Actions in both the public and private sectors are
needed in order to realise the full economic potential of
nutrient cycling. A roadmap for achieving the calculated
economic benefits was drawn up as part of the project.
Three targets were formulated as the main themes of the
roadmap:

1. The primacy of recycled nutrients,
2. piloting nutrient cycling in practice, and
3. collaboration between nutrient cycle builders.
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2 Nutrient economy

Figure 1. Nutrient economy

Gaia Consulting 2015

Trade, industry and services

Exports and domestic
consumption

Chemicals, textiles, fibres @

Recycling of nutrients @
(nitrogen and phosphorus)

Nutrient-fixing plants
(nitrogen)

©

Imported nutrients @
(nitrogen and phosphorus)

Operations that increase nutrient capital

2.1 The concepts of the
nutrient economy

In a nutrient economy, the soil is the nutrient bank that
enables the production of all renewable materials. Within
this ban, the available nutrients are considered the capi-
tal of the nutrient economy. For example, the food chain
and forestry are sectors where the nutrient capital of the
soil is used to produce economic value. Such capital can
be borrowed to grow plants and the profits can be further
processed into goods such as feed, food, fibres, chemicals,
textiles and wood products.

However, the bank loses capital every time crops are
harvested, or nutrients are removed. To avoid lower prof-
its, withdrawals must be replaced. The balance of various
nutrients in the soil may differ; in Finland, for example, we
may have more phosphorus and less nitrogen than we
need. Nutrients can occur in many forms with varying us-
ability rates.

With respect to phosphorus and nitrogen, in particu-
lar, nutrients in soil can be managed through natural pro-

*

NUTRIENT BANK
Nutrient capital of the soil

Natural nutrient cycles

Nutrient loss (nitrogen and
phosphorus)

@ Environmental impacts

@ Harm to other sectors

Operations that reduce nutrient capital

cesses (such as nitrogen-fixing plants), external contribu-
tions (imported fertilisers) or the recycling of nutrients
back into the soil. This interaction is presented in Figure 1.

The higher the biomass profits you hope to extract from
the soil, the more carefully you need to manage your nutri-
ent capital and its usability. If used nutrients are not recy-
cled, more external contributions are needed. This creates
costs that burden the cost structure of the entire process-
ing chain. First of all, if the lost nutrients are not replaced,
your operations are not genuinely sustainable and your
nutrient capital is gradually diminished. The bill for poor
soil management will be paid by future users of the soil,
as profits dwindle. On the other hand, if good care is taken
of the soil, production can also be increased sustainably.

The better the cycle functions, the more intensively
the land can be used. Soil depletion is a global problem?
causing production to transfer to new areas and, for ex-
ample, the clearing of forests for new fields. Taking care
of nutrient capital enables continuous use of the same
soil, reducing the need to take over new natural ecosys-
tems for production.

Phosphorus and nitrogen and their usability are also

SFAO fertilizer and plant nutrition bulletin #14, Assessment of soil nutrient balance, 2003
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linked to soil properties, such as pH value and carbon fixa-
tion capacity. Agricultural land tends to be a source of car-
bon dioxide, but developing agriculture towards carbon
fixation could be economically viable and would have ma-
jor potential for curbing climate change.* When the carbon
content of arable land falls, the soil is depleted and field
productivity is lowered. At the same time, the flooding
and drought tolerance of land deteriorates.” Studies have
shown that fertile land with a high carbon level is 40-70%
better at producing crops than depleted or nutrient-poor
soil.2 Soil pH, on the other hand, affects microfauna and
the granular structure, which determine the condition of
plant roots and their capacity to use nutrients. In Finland,
liming is used to reduce soil acidity.

Nutrients can be recycled back into use from sev-
eral sources. Side streams from processing chains can
be returned to the nutrient cycle. Nutrients from nutri-
ent-rich products, such as food, should be recovered for
use through waste management and sewerage. Nutrients
do not need to be recycled back into the soil - they can
also be circulated higher up the processing chain. In such

Table 1. Concepts of nutrient economy

Gaia Consulting 2015

Recycled fertiliser

Recycled nutrient

Nutrient management

Nutrisnt bank materials (biomass).

Nutrient capital

Replenishment of nutrients

nutrient cycle.

a case, waste and side streams are processed directly into
feed or industrial chemicals, not only into recycled nutri-
ents. Processing enhances the restoration of nutrients. For
example, recycled nutrients of stable quality enable more
precise fertilisation than manure spreading.

Trapped within products, nutrients are removed from
land areas used for agricultural production. Similarly, sus-
tainable use should be made of nutrients remaining in
the area after the use of nutrient-rich products. In certain
areas, a problem may also be caused by excess accumu-
lation of nutrients in the soil via biowaste, manure and
other applied nutrients. In such a case, efficient use is not
made of nutrient capital and the amount of loss caused
by runoff increases.

Nutrients go to waste during growing and processing.
They end up in places from where - due to the high cost
of recovery - they no longer return to the cycle. The worst
waste streams are caused by the runoff of nutrients into
water bodies, where they have adverse environmental ef-
fects and a negative impact on several industries, such as
fishing and tourism, as well as on the wellbeing of humans

A fertiliser manufactured from recycled nutrients that can be used in the same manner as a
corresponding mineral fertiliser.

A product that can be used as a nutrient for various purposes. No standards have been

established for this definition and a recycled nutrient may not necessarily be directly
equivalent to a fossil mineral product.

Recycling of nutrients into soil to replace nutrient loss due to harvesting.

The flow of nutrients within the ecosystem, communities and processing chains of products
and their return to the ecosystem.

The nutrient capital of the soil, or nutrients in the soil that enable the production of renewable

Nutrients available for use in soil for the production of renewable materials (biomass).

Nutrients ending up in locations from which they are difficult or impossible to return to the
nutrient cycle, such as runoff into water bodies.

Recovery of nutrients eliminated or removed from use or lost, and their return as part of the

SFinnish Environment Institute: lmasto-opas, hiilinieluista huolehtiminen. (in Finnish; Climate Guide, taking care of carbon sinks)

"Yale, environment 360. Soil as Carbon Storehouse. New Weapon in Climate Fight?

8Berazneva et al. (2014), Agricultural productivity and soil carbon dynamics: a bioeconomic model.



SITRA STUDIES 104
The economic value and opportunities of nutrient cycling for Finland « Nutrient economy

8

and animals. Minimisation of waste streams is an effective
way of keeping nutrients and the relevant cash flows in
profitable use, since this avoids the need to pay for the im-
pacts and remedying of environmental problems.

2.2 The nutrient economy
in Finland

The phosphorus and nitrogen content of the Finnish food
chain is worth tens of millions of euros a year. The related
flows can be seen in Figure 2, which also shows how the
harvesting of food and feed plants depletes these nutri-
ents in the soil. In Finland, nutrients are currently replaced
using both industrially produced fertilisers and recycled
nutrients. Nutrients contained in plants moving along the
food chain are transferred - either directly from primary
production or via the food industry - as food for humans
and animals in the form of feed, grain, berries, fruit, vege-
tables and root vegetables.

Once the nutrients have been used, they are collected
for processing as waste streams, side streams, or wastewa-
ter. Some of the nutrients are in a form in which no tech-
no-economic use of them is possible and this biomass is
disposed of in places such as landfills. Some side streams
are used as fertiliser or in landscaping — through the direct
spreading of manure for example. Because of the selected
scope (food chain), Figure 2 does not include areas such as
the forestry industry or energy production, even though
they too produce nutrient-rich side streams.

However, significant quantities of nutrients are lost
in the various phases of use, collection and processing,
through run off into water bodies. Nitrogen also evap-
orates or is vaporised into the air. Excess nutrients in the
wrong place represent an economic and environmental
problem. Because nutrients are lost during the cycle, to
guarantee food production they need to be continuously
replenished from outside through nutrient management.

The chart in Figure 2 shows that the nutrients travelling
through the food chain are still relatively cheap in terms of
the material costs of phosphorus and nitrogen only. Costs

Figure 2. The annual value of phosphorus and nitrogen cycling in the food chain, based on

raw material prices for 2015. °

Source and graphics: Gaia Consulting 2015

PHOSPHORUS

?Source: Gaia Consulting Oy

NITROGEN
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Figure 3. The cost challenge involved in recovering lost nutrients.

Source and graphics: Gaia Consulting 2015

PHOSPHORUS

Wate,

arising from problems such as the deterioration of water
quality due to nutrient emissions or the depletion of the
soil's nutrient bank are not shown in the charts.

Figure 3 depicts the same issue, illustrating the poten-
tial economic value of nutrient loss. If it were necessary to
restore the nutrients lost in water bodies as recycled nutri-
ents suitable for recycling directly from water, the process
costs would be higher than any other operation in the eco-
nomic nutrient cycle. The actual costs of nutrient loss only
emerge in the form of environmental problem solving.

The actual costs of nutrient
loss manifest themselves
through the remedying of
environmental problems.

NITROGEN

2.3 A vision of a sound
nutrient economy

Based on a vision of a sound nutrient economy, Finland
would be self-sufficient in the nutrients required for its
food chain. The nutrient capital of the soil would be at a
high level and well managed. Nutrients leaching into wa-
ter bodies would have been minimised and nutrient-rich
waste and side streams generated in various processes
would be recycled. The recycled nutrients used in prima-
ry production would eventually be recycled back into the
processing chain. A future vision of an efficient circular
economy for nutrients is shown in Figure 4.

This chart does not include the forestry and other as-
sociated industries that would also benefit from the in-
frastructure and recycling solutions. In addition, waste
and side streams can be processed into products suit-
able for use, say, as industrial chemicals and producing
high added value.
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2.4 The logic of the added
value of nutrient cycling

Nutrient loss is not just a problem and cost affecting hu-
man health and the environment. Solutions related to
the efficient use, recycling, restoration and processing of
nutrients could provide commercially viable added val-
ue for Finland.

Nutrient cycling's added value for the national economy
is based on a combination of several perspectives.
These perspectives have been drawn up through
collaboration between experts and are presented in Table
2 . The economic impacts of the first four perspectives are
relatively easy to assess. However, this is not the case for
the economic impacts of the last three, which probably
have a much greater impact than the first four.

2.5 The sustainability
benefits and risks of
recycled nutrients

Both nitrogen and phosphorus are essential as nutrients.
However, in the wrong place both cause serious sustain-
ability risks to the environment. If recycled nutrients are
used to replace traditional industrial fertilisers, recycling
will reduce the need to mine new phosphorus or fix nitro-
gen from the atmosphere.

Recycled nutrients have already been turned into
products and can be used as fertiliser in traditional farm-
ing and forestry, and as a supplementary fertiliser in or-
ganic farming. Nitrogen-rich liquids, on the other hand,
could replace products such as the urea used in industrial
production. Biogas generated during nutrient recycling is

Production of nitrogen-phosphorus concentrate made from
recycled nutrients requires less energy and water.

Figure 4. Circular phosphorus and nitrogen economy "'

Source and graphics: Gaia Consulting 2015

PHOSPHORUS
future vision

"'Source: Gaia Consulting Oy

NITROGEN
future vision
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Source: Gaia Consulting 2015

1. Increase in business
operations and new
business operations

2. Increased profitability
of business operations

3. Improving the
trade balance

4. More effective
capital use

6. Cost savings in risk
management

Table 2. The logic behind nutrient cycling's added value to the national economy

- Production of recycled nutrients
-Technology and service solutions in the value chain of efficient nutrient cycling
-Increase in the volume of existing business operations through efficient nutrient cycling

(e.g. since licensing conditions restrict the growth of operations)

- Cost savings in the flows of nutrients
- Cost savings in the treatment of nutrient-rich waste
- Increase in the nutrient capital of soil and improved production potential

- Replacing imported nutrients with domestic recycled nutrients or more efficient use of nutrients
- Replacing imported protein with domestic protein production
- Growth in exports of nutrient cycling solutions

- Shift from centralised, capital-intensive solutions to decentralised, agile solutions

- Enhancement and reform of the wastewater treatment infrastructure

- Professional exploitation of water bodies, such as fishing
- Recreational use of water bodies, such as tourism
- Improving the operational preconditions of domestic food production

- Improvements in food security and security of supply
- Reduced flood risks as a fringe benefit of local management of stormwater

7. Reduced health and
environmental hazards

processed into transport fuel, or can be used as a replace-
ment for butane use in the manufacture of building insu-
lation materials, for example.

Although nutrient cycling causes emissions, as shown
in the next example recycled nutrients are more sustaina-
ble than mineral nutrients.

Example: Sustainability benefits and risks of
recycled nutrients produced in a biogas plant 2

Gaia analysed the sustainability benefits and risks of re-
cycled nutrients (nitrogen-phosphorus concentrate) pro-
duced from the digestate from Biovakka's biogas plant,
compared to similar nutrients produced using tradition-
al methods (phosphate rock and atmospheric hydrogen).
In this study, the nitrogen-phosphorus concentrate was
used in a paper and pulp industry wastewater treatment
plant.

The sustainability assessment was performed using the

2Gaia Biorefiner Biovakka, 2014

- Reduced eutrophication and contamination of water bodies

- Reduction in health and environmental hazards caused by harmful nitrogen compounds
- Reduced greenhouse gas emissions outside the emissions trading sector

- Prevention of nutrient depletion of soil and reduced contamination

- Improved carbon fixation in soil

Gaia Biorefiner tool, which enables bechmarking of the
sustainability of various products and production chains.
The tool consists of indicators which measure the sus-
tainability of various aspects of a product. Such an assess-
ment takes account of global challenges, such as climate
change, raw material consumption and the environmental
impacts of raw material processing. In addition, the assess-
ment takes account of local factors, such as regional water
scarcity and sustainable land use.

The results of the sustainabi