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HEALTH CO-BENEFITS INSPECTOR

Health Co-benefits of GHG Mitigation |
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PUBLIC HEALTH CO-BENEFITS PROJECT

Motivation

* Some benefits of greenhouse gas (GHG) mitigation
strategies in Abu Dhabi are potentially significant but
unknown

Aim
* Quantify public health benefits in the Abu Dhabi City
region from investments in GHG mitigation

Approach

* Apply local emissions, air quality & health data to
estimate health benefits of GHG mitigation
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GHG MITIGATION STRATEGIES

Electricity/water supply

Electricity demand

Transportation

Industrial activities

CLIMATE CHANGE STRATEGY FOR THE
EMIRATE OF ABU DHABI (2015-2019)

A High Level Strategy and Action Plan to Mitigate Climate Change
and Adapt to its |lmpacts

July 2014, Firal version for approval

.......




GHG MITIGATION STRATEGIES CONSIDERED

Priority Sector Programme Description
Peaceful nuclear power 1 Nuclear power generation
2 Renewable energy power plants
3 One renewable energy water desalination pilot project
Clean Promote renewable .
Power . 4 Renewable energy water desalination plants
Energy and energy electricity
Climate and water seneration 5 Waste-to-energy power plants
. supply 6 Feed in tariff to sell power to the grid
Action
7 Solar roofs
Increase power plant g Supply side energy efficiency strategy for electricity and
efficiency water production
. Demand side management strategies for electricity and
Energy efficiency 9 :
Power water production
y and water 10 | Current Estidama initiative
Green Lite demand Green buildings 11 | More stringent building codes for energy conservation
Styles and -y . ;
, 12 | Energy efficiency standardization and labeling programme
Sustainable ; ;
, 13 | Transportation demand strategies
Use of Transport | Sustainable transport : - ;
RESOUrCes 14 | Encourage purchase of high efficiency vehicles
, _ 15 | Gas flaring reduction in oil and gas industry
Energy and industrial - ; ; ; —_
Industry officienc 16 | Energy efficiency at industrial cogeneration facilities
Y 17 | Energy efficiency in aluminum production
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EMISSION REDUCTIONS

Air pollutants

* Particulate matter (PM2.5 and PM-10)
* Nitrogen oxides (NO,)
* Volatile Organic Compounds (VOC)

 Carbon monoxide (CO)

* Sulfur oxides (SO,)
Greenhouse gases

* Carbon dioxide-equivalent (CO,e)




PUBLIC HEALTH IMPACTS IN UAE

vironmental Science and Technology Library

* All-cause premature mortality

Jacqueline MacDonald Gibson

caused by short-term By
exposure to outdoor air Jens Thomsen
pollution Environmental

* Respiratory health-care Burden of Disease
facility visits caused by short- Assessment

term exposure to outdoor air
pollution




CO-BENEFITS ANALYSIS SEQUENCE

Emlssm

Deposition/
Exposure

Exposure/

Respnnse A | ]
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CO-BENEFITS ANALYSIS FRAMEWORK

Air quality
improvement
leading to
public health
co-benefits

_ Policy Scenario (afterGHG mitigation)

pollutant "X" (ppm)

Average annual concentration of

5 10 15 20 25 30 35

Year, t f

Current climate Future climate 'AGEDl




CO-BENEFITS MODELING FRAMEWORK

* Power supply model
* Transportsector model
* |ndustrial source model

Sparse Matrix Operator
Kernel Emissions (SMOKE)

Weather Research and
Forecasting model (WRF)

Self-Organizing Maps (SOMs)

Community Multi-scale Air
Quality model (CMAQ)
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EMISSIONS, AIR QUALITY, & CLIMATE MODELING
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Emissions Methodology

® A simple plume dispersion model was used to estimate the spatial distribution of annual
emissions from point and mobile inventories around Abu Dhabi

® Weather Research and Forecast (WRF) model derived wind fields were used to
transport the pollutants from sources

® Emissions were estimated for Abu Dhabi for the base year of 2007 and for two future
scenarios in year 2035:

® Business as Usual (BAU): No reduction in emissions

® policy Scenario: Integration of 18 planned policies to reduce emissions

® Background emissions estimated from a previous study using hourly 12-km Community
Multiscale Air Quality (CMAQ) model output from a University of North Carolina (UNC)

study for two periods in 2007-2008 (see Table)
01-May-2007 30-July-2007 <€ AG E DI

15-December-2007 28-March-2008



Emissions Methodology (continued)

® The study estimated the annual average concentrations for the following
127.8

emissions: P

® Carbon monoxide (CO) 1055

® Sulfur oxides (SOX) 60

® Nitrogen oxides (NOX) -

® \Volatile organic compounds (VOC)

® particulate matter for sizes < 2.5 um (PM25)

® Particulate matter < 10 um (PM10) Example Base

° Emissions for PM25

ozone (O3) =

-y

® A 240 x 240 km domain was extracted over Abu Dhabi to compute the area
averaged base emissions. The area averaged base emissions for each pollutant
(see Table) were used for ambient pollutant for all grids




Emissions Methodology (continued)

® Point source emission inventories from water, power, and industry were
distributed horizontally and vertically using the climatological horizontal and
vertical wind, temperature, and humidity conditions observed over Abu Dhabi

® The point source processing was conducted for the 2007-baseline, 2035 BAU, and
2035 Policy using the future climate change atmospheric fields scenarios generated
by the Weather Research and Forecasting (WRF) modeling system

Climate Wind Distribution Vertical Atmosphere Profile Climate Change Wind Field
o1 Wind Direction Distribution i - Abu Dhabi 10-m Winds JJA 0000
' 20THC (1990-1999) RCP8.5 (2065-2074) Difference (RCP8.5 - 20THC)
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Emissions Methodology (continued)

® Mobile emission sources were composed of seven categories of motorized

vehicles, each vehicle type were accumulated to obtain the total mobile
emissions at each grid point

® Mobile emissions were distributed based distribution residents living in each
precinct

® All the emissions were combined for the background, point, and mobile sources

for each pollutant at each grid cell the 2007-Baseline and 2035-BAU and 2035-
Policy scenarios

Example: gridded NOX source distribution (right) and
final gridded emission products for 2007-Baseline,
2035-BAU, and 2035-Policy (below)

NOX - 2007 Baseline NOX - 2035 BAU NOX -2035 Policy
200 5 10 15 20 5 10 15 20
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RESULTS
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SUMMARY OF
INDIVIDUAL POLICY
ANALYSIS RESULTS:

EMISSION
REDUCTIONS

1 Nuclear power generation 400 298 2,037 2,798 | 91,715 167
2 Renewable energy power plants 117 87 597 820 26,875 49
o) I linati il
3 nc? renewable energy water desalination pilot 3 , n 11 644 0
project
4 Electricity & Renewable energy water desalination plants 0 0 2 i 69 0
Water supply
5 Waste-to-energy power plants 3 -10 13 10 603 -9
6 Feed in tariff to sell power to the grid 38 29 195 268 8,787 16
7 Solar roofs 87 66 448 616 20,078 38
Supply sid ffici trategy f
8 SR R A A e 142 | 114 | 733 | 1,128 | 32,681 | 73
electricity and water production
D d sid t strategies f
9 ema!1. side managements -ra egies for S 55 e 237 7,762 n
electricity and water production
10 .. Current Estidama initiative 13 10 68 93 3,051 6
Electricity
demand M tri ildi f
11 ores rlr?gent building codes for energy 34 55 = 237 7,762 14
conservation
E ffici izati labeli
12 nergy efficiency standardization and labeling 34 55 5 237 7,762 14
programme
13 Transportation demand strategies 5 110 79 0 148 0
Transport
14 Encourage purchase of high efficiency vehicles 19 377 223 1 417 0
15 Gas flaring reduction in oil and gas industry 12 5 29 0 5 53
Energy efficiency at industrial cogeneration
16 |Industry il Y 8 0 0 0 0 0 0
facilities
17 Energy efficiency in aluminum production 0 0 0 0 0 0




SUMMARY OF RESULTS - AIR QUALITY CHANGES (EXAMPLE)
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Avoided premature deaths | Avoidec

__PM_| Ozone | Total | PM ot:

SUMMARY OF

Policy Type Policy Name
I N D IVI D U A L P O LI CY 1 Nuclear power generation 1,221 90 1,311 | 16,460 | 1,225 | 17,685
2 Renewable energy power plants 640 47 687 8,583 636 9,219
® One renewable energy water desalination pilot
ANALYSIS RESU LTS. 3 . sy P 0 0 0 0 0 0
project
4 Electricity & Renewable energy water desalination plants 4 0 4 50 3 53
Water supply
5 Waste-to-energy power plants 0 7 8 5 97 102
H EA LT H C O - B E N E F I TS 6 Feed in tariff to sell power to the grid 211 15 226 2,814 208 3,022
7 Solar roofs 445 32 477 5,955 439 6,394
Supply side energy efficiency strategy for
8 - ) 1,080 77 1,156 | 14,494 | 1,039 | 15,533
electricity and water production
D d sid t strategies f
9 ema.n. side managements .ra egies for 191 " 504 2 541 188 2728
electricity and water production
10 .. Current Estidama initiative 75 5 80 999 74 1,073
Electricity
demand M i ildi f
19 ore strlr.lgent building codes for energy 191 12 504 2,541 188 2,728
conservation
E ffici tandardizati d labeli
19 nergy efficiency standardization and labeling 191 0 204 2 541 188 2728
programme
13 Transportation demand strategies 0 133 133 0 1,810 1,810
Transport
14 Encourage purchase of high efficiency vehicles 0 564 564 0 7,710 7,710
15 Gas flaring reduction in oil and gas industry 0 0 0 0 0 0
Energy efficiency at industrial cogeneration
16 (Industry ] ,gY y 8 0 0 0 0 0 0
facilities
17 Energy efficiency in aluminum production 0 0 0 0 0 0




SUMMARY OF INTEGRATED POLICY ANALYSIS RESULTS:
EMISSION REDUCTIONS FOR ALL POLICIES

Cumulative emission reductions by 2035 (thousand

tonnes, except for CO2e million tonnes)
No. |Policy Type Policy Name CO2e )\ [0),4 VOC PM2.5 CO SOx

Integrated
analysis

All GHG mitigation strtegies 912 1,012 4,795 6,502 205,427 438
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SUMMARY OF INTEGRATED POLICY ANALYSIS RESULTS:
HEALTH CO-BENEFITS FOR ALL POLICIES

Health co-benefits by 2035

Avoided premature deaths | Avoided health facility visits

No. |Policy Type Policy Name

Integrated

analysis All GHG mitigation strtegies 4661 1,210 5,872 65,020 16,861 81,881

®AGEDI



SUMMARY OF INTEGRATED POLICY ANALYSIS RESULTS:
AVOIDED PREMATURE MORTALITY

Cumulative premature mortality co-benefits of GHG mitigation in Abu Dhabi Metro area

Premature deaths
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SUMMARY OF INTEGRATED POLICY ANALYSIS RESULTS:

AVOIDED HEALTH CARE FACILITY VISITS

Cumulative morbidity co-benefits of GHG mitigation in Abu Dhabi Metro area
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RECOMMENDATIONS
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NEXT STEPS

 Expand Inspector to account for future greenhouse gas mitigation policies
* Adapt Inspector to other urban areas in the UAE

* Enhance air quality modeling aspects

* |Introduce additional health endpoints

* |ntroduce sensitivity analysis of future climatic conditions
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