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Less waste & more recycling?
- How to use smart waste systems and RFID-
fechnology to create sustainable behavior change.
Insights from a pilot project in Stockholm.

HENRIK SIEPELMEYER ‘_ A LARS-OLOV ANDERSSON
PhD Researcher . Technical Manager
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Abstract & Overview

* Results from pilot-study & overview of ongoing research

* Objective: iIncrease recycling and reduce share of recyclable materials In
household waste

* Location:. new city development area in Stockholm,

former harbor area located close to water & inner city

* People: younger, more educated, wealthier & more kids than average in
city

* Data: weight-data & opening frequencies for plastic, paper and
household waste collected by RFID-enabled "smart” waste chutes

* Pilot-study: 153 households over 12-month study period;
results show increased recycling, stable household waste
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Project partners & stakeholders

Project coordination

v STOCKHOLM WVINNOVA

Avfallsplan 2030

t@! VATTEN Sveriges innovationsmyndighet
2 OCH AVFALL R
F THINGS
SVERIGE

Building
owners

Stockholmshem

FAMILJEBOSTADER

Brf: Gotsk
Brf: Bjork & Plaza Sandén 4

System Research &
provider evaluation
O FKTH
ENVAC 4
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Background & setting

. “Stockholm Royal Seaport” (SRS) '
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Background & setting

» “Stockholm Royal Seaport” (SRS) N =

* new city development in Sweden’s capital -
(ca. 985,000 inhabitants) - Ve

* largest urban development area in Sweden s

» focus on resource efficiency & low env. impact \*'”’“A T

» >12,000 new apartments b ICNSS

* >35,000 new workplaces L)

* multi-residential buildings: 52% rental properties, H;F;
rest is building associations & cooperatives ltvemml , f

» 2.2x bike parking & 0.5x car parking / apartment | & =& &

* already built: ~ 3000 apartments

* timeline: 2011 — 2030+

______
'''''
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Waste disposal infrastructure

* pneumatic waste collection system for
(news)paper, plastic waste, household waste &
litter bins in public areas

* 400 waste inlets across properties

* 100 self-emptying litter bins in public areas
* ca. 10t waste / day collected

el STOCKHOLM

T8l VATTEN
==Y OCH AVFALL

Stockholms
t! stad

4 )

System Owner
- )

(System Operator\
(until 2024)
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Waste disposal infrastructure
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Waste disposal infrastructure
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Waste disposal infrastructure

- i ER

Phporee
PERg.
hhhhhhhhhhhhhh

carton, paper packaging, large plastic packaging items, bulky waste, glass, metal,
small electronics, light bulbs, batteries & cooking oll sorted in recycling rooms;

food waste disposed through food waste grinders in kitchen sink
. -
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Waste disposal infrastructure

@ O

A

ID Frequency Weight
HLO416 3 X 3.6 kg
GS0325 12 X 8.9 kg
PE4387 7 X 2.2 Kg

* RFID-keys enable household-level data collection
* opening frequencies for all fractions
* integrated scales for household waste in pilot area

* welight estimates for other fractions in pneumatic
waste system
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BEHAVIORAL INTERVENTION &
PILOT PROJECT
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Some words about
us humans...
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Some words about
us humans...

= basically still cave (wo)men
= not always rational!

* programmed to save energy

* prefer short-term gains

* influenced by what others do

* Influenced by our environment

© Dan Piraro Bizarro
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System 1 System 2

—Intuitive & instinctive— —rational—

quick slow
parallel serial
automatic controlled
effortless requires energy
daily decisions complex decisions
habits rational actions

learns slow flexible & fact oriented
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© Dan Piraro Bizarro

System 1

—Intuitive & instinctive—

quick
parallel
automatic
effortless
daily decisions
habits
learns slow

System 2

—rational —

slow
serial
controlled
requires energy
complex decisions
rational actions
flexible & fact oriented

* Information is not enough
* various starting points for
behavior change

MIORIENTREPASNIEE SN ISEONRC ORI EISH SIOED

RICHARD H. THALER

YWIININERNEGIESTHIESN@IB EESRRIIZENINNE € &N @IMIIES

4 CASS R. SUNSTEIN

WVIININIEIR R@IENIREI EREI@ISBIE RIGRRIRZAE

THE NEW YORK TIMES BESTSELLER

THTNKING,

FAST..SLow O

///
EI | % i Y ,I\ Pﬁ i

DANIEL Nudge

KAHNEMAN

NNER OF THE NOBEL PRIZE IN ECONOMICS

Improving Decisions About

Health, Wealth, and Happiness

“One of the few books . . . that Fundamenta”y changes the way | think
about the world.” —Steven D. Levitt, coauthor of FREAKONOMICS
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Behavioral barriers connected to waste sorting

* a lot of effort — requires constant work & good preparation (e.g., bins
* no short-term gains — essentially no gains at all!

* often complicated and annoying

* others are poor role models

* “my behavior does not matter”
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Potential strategies to
overcome barriers & influence
household waste behaviors:

Feedback & social norms

Make the desired behavior THINKING.
easy FAST .. SLOW

DANIEL
KAHNEMAN

L inancial Times
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Why feedback & social norms?

* lack of natural feedback loops
Princen 2001

e humans are social animals:
 we follow the behavior of others
e we care about what others think of us

st
= -

TSNP

* 2 types of norms:
* descriptive norms
* prescriptive norms
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Social norm interventions: theoretical foundation

* Norms need to be activated to influence behavior
(Cialdini et al., 1990; Schuliz, 1999)

* Activation through salience,
e.g., social comparison feedback (Allcott, 2011)

* Descriptive & injunctive norm elements combined to
avoid rebound effects (Schultz et al., 2007)

* Reference group relevant and personally & contextually
comparable (Goldstein, 2008)

* Use of dynamic reference values to make changing
aspect of norm salient (Sparkman & Walton, 2017)

 Communicated implicitly to avoid clear sender &
psychological reactance (Bergquist et al,. 2019)
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UtilityCo

Last Month Meighbor Comparison |

You

Elfcient

Heng hbors

Analog example (electricity focus):
oPower - Home Energy Report

Al Nesghboss More Than Average

WHO ARE YOUR B ALLNEIGHBORS
“NEIGHBORS"? S G Tl B0 SoCiiEndd, nearby Nt ar G

simdior In ST 10 P & et 5370 251850

B EFFICENT MEIGHEDRS
Thie: oSS e MPesant 30 pencen |l B e
“HN M ghbEs gt

Spotlight on Coolin ReSUIt:

(7
Your coaling usage compard o your nesghbors: y '

e ca. -2% electricity consumption

cooling than yvour neighlbors.

B KWH

m Summer Reminder

Adjust your thermostat every time you
inarie the house. Even one degree can
make a difference in sangs

S15 KWH

Yo A¥ Nexghbars

Your astimated cadallfng usaqge s based an &St sudmmes & energy use and Tempesr atura




wasteinprogress
Making the desired behavior easy

* clear & congruent instructions
* sufficient preparation — waste bags, bins, ...
* require as little effort as possible

congruent color-coding
optimized waste collection infrastructure at home

low friction in process — collection stations nearby,
special waste services easily available (e.g., bulky waste)

\ 20 28 2
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Making the desired behavior easy

mE I EETiaT O EEET O EETilaT O Sl S EETE S ST S O Sl S s S S

.@
ASFALT SAMITET KAKEL VITVAROR ASBEST
PA VAG MOT ETT
GEMENSAMT NORDISKT
SKYLTSYSTEM FOR

AVFALLSSORTERING

METALL-

IMPREGHERAT "‘.i. . Fﬁﬂ PACKNINGAR -
.
MEDICINER METALL
I

FONSTER STEN & GRUS TV & SKARMAR BILBATTERIER OLJEFILTER SPRAYFLASKOR E) ATERVINNINGSBART | | STOPPADE MOBLER GRAS & LGV INVASIVA ARTER TIDNINGAR | BOCKER

—~ i : d
A [ 6 0 .
5.l T, :
e = . i
-_____- - - !
FARGADE
FALLFRUKT RIS & GREMAR | MATFETT GLASFORPACKNINGAR .

= -
TRADGARDS- ' OFARGADE
AVFALL NATAVFALL GLASFORPACKHINGAR

WELLPAPP ATERBRUK SPORT & FRITID TEXTIL

PAPPERS-

FHRPACKNINGAR MOBLER HUSGERAD | PAPPER

ELAYFALL FARLIGT AVFALL
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14:09 W o+ .

= Sustainable living

14:10 " -

= Sustainable living

My household
Choose period juni 2021

Welcome! Here you and your neighbors can
follow your consumption of resources and get
simple tips for living sustainably in everyday life.

My household

1.2 of 10 points

Ze Recycling

Residual waste
Top 10% in EXAMPLE BLOCK

- 1.1 kg/person
My household

Average in EXAMPLE BLOCK

Impressive! ¢y

Your household threw 5.0 kg residual waste per person
in juni. This is less than the average amount in

EXAMPLE BLOCK . Keep it up!
= L A

Choose period

My household
juni 2021

Welcome! Here you and your neighbors can
follow your consumption of resources and get
simple tips for living sustainably in everyday life.

My household

" .
¢ Recycling 7.2 of 10 points ¥

e
Paper Plastic Residual
3% 12% 85%

23 kg waste in total

15% recycled

... which has reduced emissions by the equivalent of 18
km of car driving

o+ 82 2 0

+34 623 448 579
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14:09 . T o

= Sustainable living

14:10 W T .

= Sustainable living

Important to combine
descriptive & prescriptive norm
to avoid rebound effects.

Descriptive norm:

Comparison to neighbors with lowest
amount of household waste & average
neighbors

Prescriptive norm:

Overall evaluation: good / ok / bad ? —

Choose period

Welcome! Here you and your neighbors can
follow your consumption of resources and get
simple tips for living sustainably in everyday life.

> Recycling

_ "'

My household

My household

1.2 0f 10 points W

Residual waste
Top 10% in EXAMPLE BLOCK

- 1.1 kg/person
My household

5 kg/person
Average in EXAMPLE BLOCK

Impressive! ¢

Your household threw 5.0 kg residual waste per person
in juni. This is less than the average amount in
EXAMPLE BLOCK . Keep it up!

-
2 o &

Choose period v

Welcome! Here you and your neighbors can
follow your consumption of resources and get
simple tips for living sustainably in everyday life.

juni 2021

My household
juni 2021

My household

7.2 of 10 points ¥

Paper Plastic Residual
3% 12% 85%

&5 Recycling

23 kg waste in total

15% recycled

... which has reduced emissions by the equivalent of 18
km of car driving

1=

.:Da
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Top 10%

Above average

I Below average

Your progress

e better than the average neighbor
e not as good as last month

Keep up the good work!

Unlock your full potential

Click here for the full report & your personal
sustainability tip of the month!

What's this?

Cuctainability Snapehot

]une 2021

Top 10% =

Above average

Your progress

e below neighborhood average
e Dpetter than last month

Next month is a new chance to improve!

Get back on track

Click here for the full report & your personal
sustainability tip of the month!

What's this?

Cuctainability S napshot

]une 2021

+34 623 448 579
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Prescriptive nhorm

Top 10% Top 10% -

Descriptive norm ===  Ahove average Above average

I Below average

Your progress Your progress
e better than the average neighbor ¢ below neighborhood average
¢ not as good as last month e better than last month
Keep up the good work! Next month is a new chance to improve!

Get back on track

Unlock your full potential

Click here for the full report & your personal
sustainability tip of the month!

Click here for the full report & your personal
sustainability tip of the month!

What's this? What's this?

S’uctai‘uaéf/:‘zj/ & na,bchaf Cuctaina bm@ & aps hot

]une 2021 ]une 2021
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Grythundsgatan 2

Residual Waste
-« |ID 24:1 - Reported

Plastic Packaging
ID 24:2 - Active

O

Inlets

v

Inlet open

Grythundsgatan 2

Messages from Envac

HORNSLANDET

Are you done with your

Christmas tree?

Leave it at the collection point at
Husarvikstorget. It will be turned into biogas
and district heating.

Please, don't throw it into the inlets as it may
cause blockages.

TODAY'S TIP

Unsure how to recycle your e
chips bag?

ry squeezing the bag into a ball. If the bag
eeps its shape, it is recycled as metal. If it
expands, it is recycled as plastic.

Your inlets

All our inlets are active.

Sustainability Snapshot

We're doing great!

Wow! Our building is among the

most efficient so far this month.

ot

& KI. 10:05
o &

13:00 15:00

NOVEMBER 2021

Your Waste

® @ G

Residual waste

Household

f -\

Building Comparison AWESOME!
Residual Waste * Kg per person

Us g

Top 10%

JANUARY 20

So far this month you have thrown
away 5.6 kg residual waste, which is
about 5 trash bags.

¢ 1L.2Kkg + 10%

less than this time less than average
last month neighbours

HOW TO IMPROVE
Remember your waste

orindas!

S

Your Waste

(©) +34 623 448 579

HOUSEHOLD BUILDING NEIGHBOURHOOD
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all = =

JULY 2021
Your Waste Guide

HORNSLANDET
Are you done with your
Christmas tree?

Leave it at the collection point at
Husarvikstorget. It will be turned into biogas

and district heating.
PLACEHOLDER
Vacuum Waste Collection

AWESOME!

Residual waste

Household

Any problem
with the inlet?

Scan this App Clip code 1o
report issue.

Residual Waste
Husarviksgatan 20 - 1D 23 6

So far this month you have thrown : How does it work?
away 5.6 kg residual waste, which is AT _ o
BN Learn how your waste travels
about 5 trash bags. L -
through underground pipes

v 5.3Kkg ¢ 1.2 Kg

less than this time
ast month

Envac Categories

o Residual Waste
3 inlets

HOW TO IMPROVE
Remember your waste o
grinder!
Plastic Packaging
3 inlets

Using the food waste grinder is one of the

Q .

Your Waste

less than
recommended max.

1-MO VIDED PHOTO PORTRAIT

on @ -

W -*‘{‘ u"

b L

-
4 :I.Ill.
| iy

/I
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Digital tools Feedback is more dynamic

offer more than with analog media

fiinctions |
@ Interactive content offers

better insights

More adaptable to needs of
} L different users

@ Combined functions can
create added value
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Nu startar vi! Din inbjuciafsiii = ===
bDendEpIattfﬂrmen H{Jrnﬂjn “r“‘-'-""'"

‘-'

Du och dina grannar % —.‘.._
ar battre tills 1n1ma,u;, ;

Lirelar dasta Jirferareds s Frisr v IS an nagorhn Behcenl & 8l
wal sammanhdbat grannskap. My kan dig sam B oirr aded akinera din
digetala oendepiatiform 15 kvarteret Homslandet. TlEsmmans med
Sioackihodmishasn Ooh Envsc drivies KTH it Torssminigs propest Do Farmnaos

hde | platiiorman Localile. Syfiet ar art stans ndibaretan
lacallilae A vardagen | kbwartensl, Flesa av dina grannas dr rédan hi
&r iy & yarmit yieammen gil gneiuts

Valkommen till Locallife Hornslandet!

Enklare vardag

00 :
. Hjfilkas 38 granmar @rsellan med Hps ke boende], Mo dgng
I:LI;J'I.J iheras sopdugen i Hornalandet B &1t gdea del mdfict st 4e
sEstus, en ymartare felanmdlan, och en karla dver andra inkg
= Trivsel
O och dina grannar ar bakire tilsammans! Hitta sarandn =
kan nil gara ert omride evigare, tryggare och raliqaee

Hallbart boende
@ Se bur crmrhdiet Bbr klimartymactace. Hie wisualiseras resursy

vandningen och ni fir konkreta tips pd hue det blir battre. H
det erielt att Mina, byta, kopa saker granrar emeflan.

B » envac Stockholmsh

wowwe locallife se/hornslandet

Bl ol e relinded Selipfiaeke o 0D Foeris

+34 623 448 579

NU AR VI
IGANG!

VALKOMMEN TILL
LOCALLIFE HORNS

Mu 8r boendeplattformen Locallife Hornskande s M A R I A R E
harl Din aktiveringskod hittar du pd wwhortet d

fatt | bresdadan. Flera av er som bor | omrade

iy S o PS U G?
| LocallLife kan du och dina grannar hjalpas 2 -

for att skapa en enklare vardag i kvarteret og
'ET FINNS NU | LOCALLIFE
IORNSLANDET. VALKOMMEN!

nya boendeplatiformen Locallife kan du och
na grannar fa koll pa er dtervinning ach enkelt
lanmala sopsugen. Dar finns awven flera
nktioner for att skapa en enklare wvardag |
qarteret och fd enkla tips for huar omradet kan
i mer klimatsmart.

in aktiveringskod till plattformen hittar du pa
skortet du £t | breviddan. Flera av er som bor
imradet har redan aktiverat er.

ke f&tt din kod | bresvdddan?
ajla oss pa info@locallife.se.

ajektet gencemifGrs av KTH cch Localilife |

marsete med Sicckhclmahem ech Ervac
AS MER PA: / ‘i

VWW.LOCALLIFE.SE

Stockholmshemn (R) locallife & €NVAC
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Frigolit
«Voluminosa material - som bubblefolie/skumplast

 Plastdunkar

Stockholmshem

SMA PLAST-
FORPACKNINGAR?

DE SLANGS NU
| SOPSUGEN!

For mindre lukt i miljorummet
och farre sopbilar i kvarteret.
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> Put up posters & distributed postcards (2 rounds)
” lce-cream event

" App accessible for residents

c - 5 -
L2, o = [e]
- c = @ =
2 o ] > O
= — c L O a
i @ QL Q -+ QL
ot o . . = T = 5
v ¥ — L C L C QU T T
& O S O O 3 B 0 o
A 2 5 = 8 2 3 2 8 z 2
O = < O o = S 2 o w S o
o > — @ - £ =1 ==
4] T (] — - -
0 = v @ L®, QL
c = 7 v s
= + - B
= o - =
E 5 = =2

week 25 week 35 week 39 week 49 week 6 week 16 week 25

Jun. 2020 Aug. 2020 Sept. 2020 Dec. 2020 Feb. 2021 Apr. 2021 Jun. 2021
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Average weekly PW per period & household type

0,3

0,25

0,2

weight in kg

0,1

| «»0

0,05

baseline immedi short intermedi long
time period

- -PW_no_app o PW_app
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Average weekly PW per period & household type

0,3

O

0,25

O

0,2

weight in kg

0,1

0,05

baseline immedi short intermed] long
time period

- PW_no_app o PW_app
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Plast mTidningar

PRE POST POST (app)
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Results from
pilot project

tL0%  126%*  -4,5%

Plastic sorting in News)paper sorting Iin Residual waste in
vaccum system vacuum system vacuum system

*=statistically significant; all results show performance of app users
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40% of households
signed up for app

93% of app users
remained registered
over 12-month period

all households increased
plastic & paper sorting In
vacuum system

app users increased
significantly more

+34 623 448 579

users understand waste
system and don't perceive
It as a “black hole”
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Additional experiment:
new & adapted waste bins

A .

* goal: make sorting simple
 handful of households received new

bins adapted to their needs + space
* resulted in 2100% Increased sorting
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Summary of
results from pilot

* household-level RFID-data can be used to give feedback g
* app was voluntarily installed by large share of users
* app users remained active for extended time period
* substantial increase of waste sorting among app users & other households

* physical interventions (recycling room + new bins at home) with large potential for
Improvements, especially in combination with feedback
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OUTLOOK ON FOLLOW-UP PROJECT
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Large-scale replication & continuation study

* revised app — improved layout, added "guide” function
* ca. 2500 households divided into several sub groups

* feedback medium: physical letter vs. access to app

* feedback specificity: household vs. building block vs. city district

* Infrastructure @home: optimized bins for home sorting vs. current
sysiem

* Infrastructure @large: optimized bins in recycling rooms vs. current
system

* first results expected Q1/2024
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SUMMARY, REFLECTIONS & RECOMMENDATIONS
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Waste collection systems with user ID —
opportunities for behavior change

* unprecedented opportunity to provide feedback on household level

* different starting points for behavioral influence
— proper understanding of underlying behavioral patterns necessary

* digital tools offer broad range of functions to servitize waste disposal
— but can be costly & difficult to develop

* holistic approach recommended: physical infrastructure plays important role!
* applicable to other contexts and data sources?
* long-term effectiveness?
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Thank you for your attention - let’s be in touch!

Henrik Siepelmeyer
henrik.siepelmeyer@uia.no
linkedin.com/in/thisishenrik

e STOCKHOLM
Lars-Olov Andersson 8 VATTEN

lars-olov.andersson@svoa.se @' OCHAVFALL




