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Executive Summary

This report outlines the results of an air emission inventory carried out in the areas of
Wainuiomata and Upper Hutt. The inventory was prepared at the request of Greater Wellington
Regional Council to assist in the understanding of the quantity and location of PMy discharged to
air in these areas

The results from the inventory can be used in conjunction with meteorological modelling to
establish a relationship between emissions and ambient air concentrations and to evaluate
factors such as spatial variations in concentrations. The Greater Wellington Regional Council can
then assess whether reductions in PMy, concentrations are necessary to ensure the airshed is
compliant with National Environmental Standards for air quality by 2013.

Contaminants included in the inventory were particles (PMyo and PM,s), carbon monoxide,
nitrogen oxides, sulphur oxides, volatile organic compounds and carbon dioxide. This report
primarily focuses on emissions of particles (PMyo), as the only contaminant in breach of the NES
in the Greater Wellington Region. Sources included in the inventory were domestic heating, motor
vehicles, industrial and commercial activities and outdoor rubbish buming.

A home heating survey was carried out in Wainuiomata and Upper Hutt to determine heating
methods and the frequency of outdoor rubbish burning. Electricity was found fo be the most
common method of home heating and was used by 51% and 48% of households in Wainuiomata
and Upper Hutt respectively. Other common heating methods included gas (41% and 38%
respectively) and wood burners (26% and 34% respectively). Outdoor rubbish burning was
carried out by 5% of households in Wainuiomata and 7% of households in Upper Huit. Many
households used more than one method to heat the main living area of their home.

The main source of PMy; emissions in both areas was domestic home heating, which accounted
for 91% and 87% of total PM;, emissions in Wainuiomata and Upper Hutt respectively. Other
source contributions in Wainuiomata were motor vehicles (3%), outdoor burning (4%) and
industrial emissions (2%). In Upper Huit, motor vehicles contributed 4% and outdoor buming 9%.
Emissions from industrial and commercial activities in Upper Hutt were negligible.
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Wainuiomata and Upper Hutt Emission Inventory — 2006

1 Introduction

This inventory was prepared at the request of Greater Wellington Regional Council to assist in the
understanding of the quantity and location of PMy, discharged to air in Wainuiomata and Upper
Hutt.

Emission inventories are the primary tool used in New Zealand to estimate quantities of
emissions to air. In addition to providing information on the relative contribution of different
sources to emissions of a contaminant, an inventory provides an estimate of the quantity of
emissions contributing to the maximum measured concentrations and allows for the evaluation of
the effectiveness of different management options in reducing concentrations.

Emissions inventories can be used in conjunction with meteorological modelling to establish a
relationship between emissions and ambient air concentrations and to evaluate factors such as
spatial variations in concentrations. The Greater Wellington Regional Council intend on carrying
out this modelling to assess whether reductions in PM;, concentrations are necessary to ensure
the airshed is compliant with National Environmental Standards for air quality by 2013.

The purpose of this inventory was therefore to estimate the amount of PM;, discharged into the
air in these areas on a worst-case and average winter’s night, that can be used as the basis for
air quality modelling in these areas, and to provide information from which management
measures to reduce PM;, can be evaluated.
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2 Inventory Design

The inventory has been designed with a focus on emissions of PMy,, although it does include
estimates of emissions of other contaminants. Monitoring of other contaminants has not been
carried out in Wainuiomata. Monitoring of carbon monoxide and nitrogen dioxide in Upper Hutt
suggests this contaminant is unlikely to exceed the NES. Similarly it is unlikely, based on
monitoring carried out in other areas of New Zealand, that concentrations of other contaminants
will exceed the NES.

2.1 Selection of sources

The inventory includes detailed estimates of emissions from domestic heating, outdoor buming,
motor vehicles and industry. Emissions from a number of other minor sources are also discussed
in the report.

2.2 Selection of contaminants

The inventory included an assessment of emissions of suspended particles (PMyg), carbon
monoxide (CO), sulphur oxides (SOx), nitrogen oxides (NOX), volatile organic compounds (VOC),
carbon dioxide (CO,) and fine particles (PM,5).

Emissions of PMy, CO, SOx and NOx are included as these contaminants comprise class one air
quality indicators as described by MfE (1994) and are included in the NES because of their
potential for adverse health impacts. Carbon dioxide is typically included in emission inventory
investigations in New Zealand to allow for the assessment of regional greenhouse gas CO,
emissions. The finer PM, 5 size fraction was also included, as this size fraction is also of interest
from a health impacts perspective.

Volatile organic compounds are typically included in emission inventory investigations because of
their potential contribution to the formation of photochemical pollution. These have been retained
in the inventory fo allow an assessment of emissions of precursors to ozone should future
monitoring indicate concentrations of concem.

2.3 Selection of areas

The study areas were based on the Greater Wellington Regional Council’s “airsheds” for
Wainuiomata and Upper Hutt defined for the purposes of the National Environmental Standards.
As the airshed boundaries and census area unit boundaries differ, an estimation of the number of
dwellings within meshblocks (a subset of census area units) not wholly within the airshed was
required. The method used was an estimate of the proportion of dwellings within the meshblock
that lay within the “airshed” based on the geographic distribution of address points within each
meshblock area. This estimation was done by Greater Wellington Regional Council staff using
their in-house GIS system.

Figure 2.1 shows the areas included in the Wainuiomata, Lower Hutt and Upper Hutt airsheds.

Prepared by Environet Ltd 7






Wainuiomata and Upper Hutt Emission Inventory — 2006

2.4 Temporal distribution

Most data were collected based on wintertime daily average emissions. Domestic heating data
were collected based on average and worst-case wintertime emissions. For most sources, data
were also collected by month of the year to provide an estimate of the relative contributions of
different sources to annual average PM;, concentrations. No differentiation was made for
weekday and weekend emissions, as variances are likely to be minimal for most sources. One
exception is outdoor rubbish burning which may occur with greater frequency during the
weekend.

Limited time of day breakdowns were obtained for the data. However, methods are available for
allocating emissions data by time of day should this be required.
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kg. The latter value is based on a survey of 219 households in Christchurch during 2002 and
represents the most comprehensive assessment of average fuel weight. The most recent “in situ”
bumer emission testing programme, carried out in Tokoroa during 2005, gave an average log
weight of 1.3 kilograms. The sample size (pieces of wood weighed) for this study was 845.
However, these were spread across only 12 households so it is uncertain how representative the
weight of 1.3 kilograms per log is.

There is some potential for fuel size to vary by region although factors such as appliance design
should limit these variations. The first three average fuel weight values noted above were derived
based on measurements carried out in Christchurch. In addition, Environment Canterbury carried
out some survey work of the size of chopped wood at five wood suppliers in Christchurch. A total
of 132 logs were weighed and gave an average fuel weight of 2.3 kilograms per log (Scott, 20086,
pers comm.). The extent to which this represents wood weight used by households in
Christchurch is uncertain, as further chopping of wood by householder is possible.

Because of the uncertainty surrounding the applicability of fuel weights derived for Christchurch to
Wanuiomata and Upper Hutt and the lower sized wood from the Tokoroa study (albeit a smaller
household sample size) a fuel weight of 1.6 kilograms per log was used for this study.

Emissions for each contaminant and for each time period and season were calculated based on
the following equation.

Equation 3.1 CE (g/day) = EF (g/kg) * FB (kg/day)
Where:
CE = contaminant emission
EF = emission factor
FB = fuel burnt

The main assumptions underlying the emissions calculations are as follows:
e The average weight of a log of wood is 1.6 kg.
e The average weight of a bucket of coal is 9 kg.

3.2 Home heating methods

3.2.1 Wainuiomata

The main methods of home heating in Wainuiomata during 2006 were electricity and gas with
51% and 41% of households using these methods to heat their main living area. Wood bumners
were used by around 26% of households. Of the households using gas, just under half used
flued gas systems (Figure 3.1). Table 3.3 shows that households rely on more than one method
of heating their main living area during the winter months.

Wood burning is the most common fuel for households using solid fuel heating methods in
Wainuiomata with 37% of households using this fuel. About 35 tonnes of wood is bumt on an
average winter's night. In comparison coal is used by only 3% of Wainuiomata households and
less than one tonne of coal is burnt on an average winters night.
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Wainuiomata and Upper Hutt Emission Inventory — 2006

activities such as quarrying and is not less than 2.5 microns in diameter. Emissions of other
contaminants in Wainuiomata from sources included in the inventory are negligible.

6.2.2 Upper Hutt

Table 6.2 shows that less than one kg of PMy, is estimated to be emitted from industrial and
commercial activities in Upper Hutt per day during the winter months. While a reasonable number
of consented air discharge activities are located in Upper Hutt, the majority are for small-scale gas
fired boilers, which emit very litle PM;o. Emissions of other contaminants from industrial and

commercial activities for Upper Hutt are also negligible.
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8 Other sources of emissions

This inventory includes all likely major sources of PMy, that can be adequately estimated using
inventory techniques. Other potentially significant sources of emissions not included in the
inventory include dusts (PMy) and sea spray. A source apportionment study for Masterton (Davy,
2005) shows that when PMyo emissions are high (>50 ug m‘3) sea spray contributes around 6% of
the PM,, concentrations. The same study does not indicate that dust is a significant source of PMio
in Masterton.

Another source not included in the inventory is vegetation, which can emit VOC and NOx. Neither
of these latter contaminants is likely to be an air quality concem and vegetation is unlikely to be a
significant source in the predominantly urban areas.

Lawn mowers, leaf blowers and chainsaws can also contribute small amounts of particulate. Lawn
mowers were included in the 1999 air emission inventory for the Wellington Region but were not
found to be a significant source of PM;, or other contaminants (<0.1 grams per household). Based
on that study, emissions of less than 1 kilogram of PM per day could be expected for both
Wainuiomata and Upper Hutt during the winter months.
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Wainuiomata and Upper Huft Emission Inventory — 2006

9.3 Uncertainty

As with any emission inventory investigation, a number of uncertainties exist because of the
methodology applied. In particular, the use of average emission factors, estimates of quantities of
fuel burnt, variations in traffic flows or industrial activities can influence emissions. Notwithstanding
these areas of uncertainty, emission inventory investigations are a useful tool and are used
throughout the world for assessing sources of emissions and as a basis for determining appropriate
management options.

An estimate of the uncertainty associated with the emission estimates for Upper Hutt was made
using the formulae described in Topping (1971) and the following assumptions regarding the
uncertainty around input variables:

Domestic heating emission factors, + 50%
Domestic heating fuel weight, + 30%
Survey sample error, + 5%

Transport emission estimates, +40%
Industrial emission estimates, +40%

The total uncertainty was calculated to be + 28% with the main variables influencing this value
being the emission factors for domestic heating and quantity of fuel burnt for domestic home
heating. A similar level of uncertainty would be estimated for Wainuiomata for the above
assumptions.

Prepared by Environet Ltd 41
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Appendix One: Home Heating Questionnaire

1. Good morning / afternoon/evening - Is this a home or business number?(- terminate if business)

Hi, I'm from DigiPoll and | am calling on behalf of the Greater Wellington Regional Council

May | please speak to an adult in your household who knows about your home heating systems? We are currently undertaking a
survey in your area on methods of home heating. We wish to know what you use to heat your main living area during a typical year.
The survey will take about 5 minutes. Is it a good time to talk to you now?

2. (a) Do you use any type of electrical heating in your MAIN living area during a typical year?
(b) What type of electrical heating do you use? Would it be...
O  Night Store
Radiant
Portable Oil Column
Panel
Fan
Heat Pump
Don't Know/Refused
O  Other (specify)
(c). Do you use any other heating system in your main living area in a typical year? (If yes then question 3 otherwise Q9)
3. (a) Do you use any type of gas heating in your MAIN living area during a typical year? (If No then question 4)
(b) Is it flued or unflued gas heating? If necessary: (A flued gas heating appliance will have an external vent or chimney)
(c) Which months of the year do you use your gas burner

O oooogao

O Jan O Feb O March O April O May O June

O July 0 Aug [0 Sept O Oct 0 Nov O Dec
(d) How many days per week would you use your gas burner during

O Jan O Feb O March O April 0O May O June

O July O Aug [0 Sept 0 Oct O Nov 0 Dec

(e) Do you use mains or bottled gas for home heating?
(f) What size gas bottle do you use?

(f.2) How many times in a winter would you refill your x kg gas bottle? Interviewer: Winter is defined as May to August inclusive.
4. (a) Do you use a log burner in your MAIN living area during a typical year? (This is a fully enclosed burner but does not include
multi fuel burner i.e., those that burn coal) (/f No then question 5)

(b) Which months of the year do you use your log burner

O Jan 0 Feb O March 0O April O May O June

O July O Aug O Sept O Oct O Nov O Dec
(c) How many days per week would you use your log burner during?

O Jan O Feb O March O April O May 0 June

O July O Aug 0 Sept O Oct O Nov O Dec

(d) How old is your log burner?

(e) In a typical year, how many pieces of wood do you use on an average winters day? Interviewers note : winter is defined as May
to August inclusive.

() ask only If they used their log burner during non winter months How many pieces of wood do you use per day during the other
months? Interviewers note : winter is defined as May to August inclusive.

(9) In a typical year, how much wood would you use per year on your fog burner? (record wood use in cubic metres - note 1 cord
equals 3.6 cubic meters of loosely piled blocks, one trailer equals about 1.65 cubic metres without cage, or 2.2 with cage)

(h) Do you buy wood for your log burner, or do you receive it free of charge?

(i) What proportion would be bought?

5. (a) Do you use an enclosed burner which burns coal as well as wood — i.e., a multi fuel burner in your MAIN living area during a
typical year? (This includes incinerators, pot belly stoves, McKay space heaters etc but does not include open fires.) (If No then
question 6)

(b) Which months of the year do you use your multi fuel burner?

O Jan 0O Feb O March O April O May O June

O July O Aug 0O Sept O Oct O Nov O Dec
(c) How many days per week would you use your multi fuel burner during?

O Jan O Feb O March 0O April O May O June

O July O Aug O Sept O Oct O Nov O Dec

{d) How old is your muiti fuel burner?
(e) What type of multi fuel burner is it?
(f) In a typical year, how much wood do you use on your multi fuel burner per day during the winter? (ask them how many pieces of
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wood (logs) they use on an average winters day) Interviewer: Winter is defined as May to August inclusive

() ask only If they used their multi fuel burner during non winter months How much wood do you use per day during the other
months?

(h) In a typical year, how much wood would you use per year on your multi fuel burner? (record wood use in cubic metres -
note 1 cord equals 3.6 cubic meters of loosely piled blocks one trailer equals about 1.65 cubic metres without cage, or 2.2 with

(i) Do you use coal on your multi fuel burner?

() How many buckets of coal do you use per day during the winter? (how many buckets of coal used on an average winters day)
Interviewer: Winter is defined as May to August inclusive .

(k) Ask only If they used their multi fuel burner during non winter months How much coal do you use per day during the other
months?

(1) Do you buy wood for your multi fuel burner, or do you receive it free of charge?

{m) What proportion would be bought?

6. (a) Do you use an open fire (includes a visor fireplace which is one enclosed on three sides but open to the front) in your MAIN
living area during a typical year? (If No then question 7)

(b) Which months of the year do you use your open fire

0 Jan 0O Feb O March O April 0 May O June
0O July O Aug 0 Sept 0 Oct 0 Nov O Dec
(c) How many days per week would you use your open fire during?

O Jan O Feb 0O March O April O May O June
0O July 0 Aug O Sept O Oct 0 Nov O Dec

(d) Do you use wood on your open fire?
(e) On a typical year, how much wood do you use per day during the winter? (ask them how many pieces of wood (logs) they use
on an average winters day) Interviewer: Winter is defined as may to August inclusive

() Ask only If they used their open fire during non winter months How much wood do you use per day during the other months?

(@) In a typical year, how much wood would you use per year on your open fire? (record wood use in cubic metres - note 1 cord
equals 3.6 cubic meters of loosely piled blocks one trailer equals about 1.65 cubic metres without cage, or 2.2 with cage)

(h) Do you use coal on your open fire?

(i) How many buckets of coal do you use per day during the winter? (how many buckets of coal used on an average winters
day)____Interviewer: Winter is defined as may to August inclusive

(i) Ask only If they used their open fire during non winter months How much coal do you use per day during the other months?

(k) Do you buy wood for your open fire, or do you receive it free of charge?

() What proportion would be bought?

7. (a) Do you use a pellet burner in your MAIN living area during a typical year? (If No then question 8)

(b) Which months of the year do you use your pellet burner
0O Jan O Feb O March O April O May 0 June
O July O Aug O Sept O Oct O Nov O Dec
(c) How many days per week would you use your pellet burner during?
O Jan O Feb 0 March O April O May O June
O July 0 Aug 0 Sept O Oct 3 Nov 0 Dec

(d) How old is your pellet burner?
(e) What make and model is your pellet burner? First, can you tell me the make?

(e) and what model is your pellet burner?

() In a typical year, how many kilograms of pellets do you use on an average winters day? Interviewers note : winter is defined as
May to August inclusive.

(9) Ask only If they used their pellet burner during non winter months How many kgs of pellets do you use per day during the other
months? Interviewers note : winter is defined as May to August inclusive.

(h) In atypical year, how many kilograms of peliets would you use per year on your pellet burner?

8. (a) Do you use any other heating system in your MAIN living area during a typical year? (if No then question 9)

(b) What type of heating system do you use  (if they respond with diesel or oil burner go to question ¢ otherwise go to Q8)
{c) Which months of the year do you use your oil burner

O Jan O Feb O March O April O May O June

O July 0 Aug O Sept O Oct O Nov O Dec
(d) How many days per week would you use your diesel/oil burner during?

O Jan O Feb O March O April 0O May 0 June

O July O Aug O Sept O Oct O Nov O Dec

(e) How much oil do you use per year ?

9. Do you burn rubbish or garden waste outside in the open or in an incinerator or rubbish bin
How many days would you burn rubbish outdoors during

a) winter (June, July, August)

b) spring (September, October, November)

¢) summer (December, January, February)

Prepared by Environet Ltd 44
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d) autumn (March, April, May)

How much garden waste or rubbish would you burn each session. We are looking for cubic metres, or number of wheelbarrows full

per fire.

10. Does you home have insulation?
O  Ceiling

Under floor

Wall

Cylinder wrap

Double glazing

None

Don't know

0  Other

O o0Ooooao

DEMOGRAPHICS We would like to ask some questions about you now, just to make sure we have a cross-section of people for the

survey. We keep this information strictly confidential.

D1. Would you mind telling me in what year you were born ?
D2. Which of the following describes you and your household situation?

0O  Single person below 40 living alone
Single person 40 or older living alone
Young couple without children

Family with an adult child still at home
Couple without children at home
Flatting together

0 Boarder

OoocoooaaQ

D3 With which ethnic group do you most closely relate?

Interviewer: tick gender.

How many people live at your address?
Do you own your home or rent it?

D5 What is your employment status:

Thank you for your time today. Your answers will be very helpful. In case you missed it, my name is ——-—---

Hamilton. Have a nice day/evening.

Family with oldest child who is school age or younger

from DigiPoll in

Prepared by Environet Ltd
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Appendix B: Emission factors for domestic heating.

Emission factors for domestic heating were those used in the Ministry for the Environment’s
(2005) assessment of burner removals to meet the NES in 31 urban areas of New Zealand.
With the exception of gas, oil and post 1990 wood bumers, these were based largely on the
review of New Zealand emission rates carried out for the Christchurch 1999 emission
inventory with adaptations made for different bumer age categories. The latter review
resulted in revised factors for open fires burmning wood and the buming of coal on open fires
and muilti fuel bumers. The open fire wood emission factor was reduced from 15 g/kg (used
in previous inventories) to 10 g/kg. This was based on a combination of overseas literature,
in particular the studies by Stem (1992) and Dasch (1982), and the results of a limited
number of tests carried out in New Zealand. The New Zealand tests were carried out by
Applied Research and gave emission rates of around 7 g/kg.

An emission factor of 21 g/kg was selected for coal burning on an open fire and was based on
the average of the tests carried out in New Zealand, weighted for the more predominant use
of bituminous coals, based on the 80% to 20% figures quoted by Hennessy (1999). Previous
emission factors were around 33 g/kg. An emission factor for PMy, for multi fuel bumers
buming coal of 28 g/kg was selected based on a weighted average of the test resuits
available for different appliance types.

Emission factors for the post 1995 wood burner categories were based on data collected in
Nelson on bumer types in different age categories. Gas and oil emission factors were based
on factors derived by Angie Scott (pers comm., 2004) based on more recent testing of these
appliances.

Domestic heating emission factors for CO, NOx, SOx and CO, for all but post 1995 bumers
were also based on the Christchurch 1999 emission factor revisions.

Emission factors for PM, 5 data for the burning of wood are based on the assumption that
100% of the PM,, emissions are PM,s (USEPA, 1997). For coal burning USEPA AP-42
generalised particle size distributions for the PM,s component were used. Oil buming
emission rates were based on AP-42 data for a utility boiler. No data for LPG gas use was
available so it was assumed that 100% of the PM,; would be in the finer PM, 5 size fraction,
based on AP-42 data for natural gas.
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