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Main	Messages

• A	better	estimate	of	the	NOx	emissions	during	demand	
response	(DR)	events	is	needed

• “Green	DR”	is	key	to	achieving	the	co-benefits	of	power	system	
reliability	and	better	air	quality	during	high	electric	demand	
days

• Siting	really	matters	for	distributed	generation	(DG)

• Considering	ground-level	only	concentrations	in	permitting	DG	
may	not	be	sufficient	for	protecting	public	health



A	“peak”	problem

• Context:	High	electric	demand	days

– Energy:	Power	systems	is	stressed

– Economics:	highest	electricity	prices

– Environment:	“Double	Threats”,	i.e.,	Air	pollution	(O3,	PM,	
etc.)	and	Heat

• Can	we	achieve	co-benefits	of	power	system	reliability	and	
healthy	air	quality?

– Challenges:	All	available	generation	resources	already	
dispatched

– Demand	Response	(DR)	is	the	key

• Maintain	reliability

• Potentially	reduce	emissions
Zhang	and	Zhang	(2015)	ES&T,	49(3):	1260-1267	



May	1	– September	30,	2013

• Color	scale:	Ozone	concentration,	ppm	(NAAQS,	max	8-hr	avg.	≤	0.075)

• Red	indicates	exceedance	of	ozone	NAAQS

• X-axis:	Peak	daily	load,	GW,	synchronized	across	NYISO,	PJM	and	NE-ISO

• Y-axis:	NOx	emissions,	tons/day
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May	1	– September	30,	2012
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May	1 – September	30,	2011
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May	1	– September	30,	2010
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Observations

• In	the	Corridor	region,	the	highest	peak	
loads	always	correspond	to	the	ozone	
concentration	exceeding	the	NAAQS.	

• NOx	emissions	occur	when	the	
atmospheric	condition	is	most	
conducive	to	ozone	formation,	and	
contribute	to	potential	ozone	
exceedance.

• NOx	emissions,	regardless	of	sectors,	
are	most	damaging	during	those	
periods.		

• These	also	are	the	periods	when	NYISO	
EDRP/SCR	events	are	most	likely	called.

Zhang	and	Zhang	(2015)	ES&T,	49(3):	1260-1267	
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Demand	Response:	
Curtailment	vs.	Behind-the-Meter	(BTM)	generation

Almost	all	BTM	generators	are	
backup	diesels

NOx	and	DR



Emission	Factors	of	Backup	Diesel	Generators

• Best-Case	Scenario

– Assume	all	the	engines	meet	Tire	4	
emissions	standards

– Unrealistic	at	present,	but	shows	the	
future	emission	control	scenario.

• NYSDEC	Estimation

– BTM	Generation	Capacity	in	NYC:	1320	
MW

– DR	Events	Max	Length	of	Time:	6	
hours/day

– Daily	NOx	Emissions	from	BTM	
Generators	in	NYC:	127	tons

– 127	tons/1320	MW	× 6	hours	=	16	
g/kWh

Unit:	g/kWh

Data	Sources:	
U.S.	EPA.	Exhaust	and	Crankcase	Emission	Factors	for	Nonroad
Engine	Modeling	– Compression	Ignition.	
U.S.	EPA.	Alternative	Control	Techniques	Document:	Stationary	
Diesel	Engines.	
U.S.	EPA.	Regulatory	Impact	Analysis	for	the	Reconsideration	of	
the	Existing	Stationary	Compression	Engines.	
NYC	Energy	Policy	Task	Force.	New	York	City	Energy	Policy:	An	
Electricity	Resource	Roadmap.	
NYSDEC.	Overview	of	Part	222	Version	MMXIII	Stakeholder	
Meeting.	

Zhang	and	Zhang	(2015)	ES&T,	49(3):	1260-1267	

Tier4	EF 2.16	g/kW-hr (1.6	g/bhp-hr)

ConEd EF 10.63	g/kW-hr (7.9	g/bhp-hr)

DEC	EF 16.00	g/kW-hr (11.9	g/bhp-hr)

NOx	and	DR



Comparing	Emission	Factors

• Peaking	units	are	identified	based	on	annual	operating	hour	restrictions	to	for	
CT	to	avoid	LAER/BACT	requirements	for	NOx	emissions	(≤	66	hours	in	NYC).

• The	EFs	for	BTM	generators	are	similar	to	that	for	the	highest	emitting	peaking	
units

NOx	Emission	Factors	for	Peaking	Units	in	NYC	and	LI

Zhang	and	Zhang	(2015)	ES&T,	49(3):	1260-1267	
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NOx	contribution:	July	22,	2011	– NYC	+	LI

• BTM	Generation	Meets	~1.5% of	
(NYC-LI	Total	Load	+	Load	Reduction)

• BTM	Generators	Contribute	~15% of	Total	NOx	
Emissions	(i.e.	BTM	Generators	Emissions	+	NYC-LI	
EGUs	Emissions)	over	the	Day

During	NYISO	EDRP/SCR	events	called	days	from	2011	to	2013,	NOx
emissions	from	BTM	generators	in	NYC/LI	could	vary	from	~0.8	(May	29,	
2012)	to	~26	(July	22,	2011)	tons/day,	depending	on	the	number	of	hours	
called,	assumed	emission	factors,	and	BTM	generators	participation.

Zhang	and	Zhang	(2015)	ES&T,	49(3):	1260-1267	
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The	OTC	States’	Goal	of	NOx	
Emissions	Reduction	from	
HEDD	Units

On	July	22,	2011,	60.3	ton	of	NOx	was	
emitted	from	BTM	generators	in	NYS,	
assuming	the	electricity	they	generated	
met	50%	of	NYISO	load	reduction	and	
using	the	NYSDEC	NOx	EF.	

The	amount	exceeds	New	York	State’s	
goal	of	NOx emissions	reduction	
associated	with	HEDD	units	on	high	
electrical	demand	days	during	the	
ozone	season,	i.e.	50.80	ton,	as	
specified	in	the	OTC	Memorandum	of	
Understanding.	

Data	Source:	Ozone	Transport	Commission.	Memorandum	of	
Understanding	Among	the	States	of	the	Ozone	Transport	Commission	
Concerning	the	Incorporation	of	High	Electrical	Demand	Day	Emission	
Reduction	Strategies	into	Ozone	Attainment	State	Implementation	
Plan

*	All	NYISO	EDRP/SCR	events	are	called	on	high	electrical	demand	
days	during	the	ozone	season,	i.e.	the	BTM	generators	are	the	
HEDD	units	of	concern.	

Zhang	and	Zhang	(2015)	ES&T,	49(3):	1260-1267	
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OTC	Workgroup	Modeling	Results

Healy	et	al.	EM,	March	2016	
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Diesel	backup	diesel	generators
1200x1000x150m	domain	in	NYC
4.5	million	elements	

Stack	Parameters

Siting	Matters

Tong	and	Zhang	(2015)



Siting	matters!

PM2.5 [µg/m
3]

• The	particular	boundary	condition	in	this	simulations	is	determined	based	on	a	
particular	hour	when	NYSIO	emergency	DR	program	was	called	in	summer,	2013.

• In	case	C,	the	plume	is	drawn	downward	and	sideways,	reducing	the	near-stack	
dispersion	and	leading	to	elevated	concentration	inside	adjacent	street	canyon.	
The	near-source	PM2.5 concentration	could	well	exceed	100	μg m−3	even	under	
unstable	atmospheric	conditions.

Tong	and	Zhang	(2015)

Siting	Matters



Green	DR

Green	DR	

Environment

Power	System	Reliability

Polluting	DR

Environmental	
DispatchExtreme	Weather

Zhang	and	Zhang	(2015)	ES&T,	49(3):	1260-1267	

Green	DR



Two	rooftop	sampling	stations	were	set	up	in	the	way	that	
one	can	capture	the	plume	while	the	other	one	serves	as	
the	background	in	comparison	depending	on	the	wind	
direction.

Biomass	CHP	at	SUNY-ESF

Tong	et	al.	(2017)

Biomass	CHP



Tong	et	al.	(2017)

Measured	vs.	predicted	wind	speed	and	direction
Biomass	CHP

measured wind speed and directions. In general, it showed a good
agreement between predicted and on-site measurement for flow
fields, indicating the model's capability of capturing the flow fields
under the influence of nearby buildings. The comparison between
simulated and measured PM2.5 concentrations were depicted in
Fig. 4, and an adequate agreement was shown. The predictions at
the IH station agreed better than that at the CD station, as the
emission rate was derived based the measurement on the IH sta-
tion. The discrepancies in both wind speed/direction and PM2.5
concentrations were likely due to simplified building geometry and
uncertainties in the fuel-based emission factor.

4.2. With and without emission control

The emission factor in the absence of the ESP was derived based
on the collection efficiency according to the on-site testing

(Table 1). Contour plots of PM2.5 concentrations in the surrounding
environment with and without ESP were displayed in Fig. 5. In the
absence of ESP control, our analysis showed a significant increase in
near-source primary PM2.5. The maximum ground-level concen-
trationwithout ESP occurred in the wake zone behind IH exceeding
35 mg m!3, which was nearly seven times greater than that with
ESP. In addition, the primary PM2.5 concentrations on the rooftop of
the adjacent building (Illick Hall) could reach over 100 mg m!3

without ESP, and the implications were discussed in Section 4.3.

4.3. Ground-level vs. above-ground concentrations

Our previous study discussed how the ground-level concen-
tration and plume trajectories vary with different street canyon
configurations (Tong and Zhang, 2015). Fig. 6 presented a com-
parison between ground-level primary PM2.5 concentrations and

Fig. 3. Comparisons between simulated and measured wind speed and direction; a and b are under the boundary condition where wind is from the west to Illick Hall (IH). c and
d are under the boundary condition where the wind is from the south to the Carrier Dome (CD). “Roof”, “Wake” and “Upwind” indicate the locations of each anemometer station as
displayed in Fig. 1. Error bars represent the total measurement error.

Z. Tong et al. / Environmental Pollution 220 (2017) 1112e11201116



Tong	et	al.	(2017)

Measured	vs.	predicted	PM2.5 concentrations
Biomass	CHP

Fig. 4. Comparison between simulated and measured PM2.5 concentrations in plumes. Error bars for total measurement errors are applied on the measurement data. Error bars of
the simulation data are generated based on the uncertainty in the fuel-based emission factor.

Fig. 5. a) Primary PM2.5 concentration [mg m!3] contour plot (top and side view) with ESP; b) Primary PM2.5 concentration [mg m!3] contour plot without ESP (top and side view).
The reference plane of the top view is taken at 1.5 m above the ground outside IH. Its location is displayed in Fig. S4 of the Supporting Information.

Z. Tong et al. / Environmental Pollution 220 (2017) 1112e1120 1117



• The	emission	factor	in	the	absence	of	the	ESP	is	derived	based	on	the	ESP	efficiency	measured	in	the	stack	
test.

• The	maximum	near-ground	concentration	exceeds	30	µg	m-3.	This	is	almost	7	times	the	concentration	with	
ESP	control.	

• The	concentration	on	the	rooftop	reached	over	100	µg	m-3.	This	could	be	a	serious	health	threat	to	people	
living	inside	the	building	as	particles	are	able	to	transport	indoor	through	windows	or	HVAC	system.	

Tong	et	al.	(2017)

Sensitivity:	With	and	Without	ESP
Fig. 4. Comparison between simulated and measured PM2.5 concentrations in plumes. Error bars for total measurement errors are applied on the measurement data. Error bars of
the simulation data are generated based on the uncertainty in the fuel-based emission factor.

Fig. 5. a) Primary PM2.5 concentration [mg m!3] contour plot (top and side view) with ESP; b) Primary PM2.5 concentration [mg m!3] contour plot without ESP (top and side view).
The reference plane of the top view is taken at 1.5 m above the ground outside IH. Its location is displayed in Fig. S4 of the Supporting Information.

Z. Tong et al. / Environmental Pollution 220 (2017) 1112e1120 1117
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Ground-level	vs.	Rooftop-level

the concentration at rooftop level of IH (with ESP). The maximum
concentration could exceed 35 mgm!3 at the rooftop andwindward
façade, even though the concentration at the ground level was
nearly zero (Fig. 6). However, most permitting processes of new
power plants in the U.S only consider ground-level concentrations,
which could underestimate the health risk from above-ground
pollutant “hotspots”. These spots pose potential health risks to
building occupants since particles can readily penetrate through
infiltration, natural ventilation, and fresh air intakes on the rooftop
(Petersen et al., 2002).

4.4. Ambient wind speed

The influences of several physical parameters including stack
temperature, ambient wind, and the selection of weather data
source on plume dispersion were explored in the following sec-
tions. Here we conducted a sensitivity study on the incoming wind
speed by increasing the baselinewind speed to two and three times
the baseline. As depicted in Fig. 7, the greater the wind speed the
more horizontal momentum the plume acquires. This momentum
could cause the plume to travel closer the ground and elevate near-
ground concentrations. Local hotspots appeared along the plume
trajectory and also in the downwind canyon between building and
uphill terrain.

4.5. Stack temperature

The effect of stack temperaturewas also investigated. The plume
rise due to buoyancy is dependent on the stack temperature. For
many boilers, stack economizers are often installed to recover
waster heat from the hot exhaust gas and therefore improves boiler
efficiency (DOE, 2010). It is estimated that the boiler efficiency can
be increased by 1% by every 40" F reduction of exhaust temperature
(DOE, 2012). Therefore, we varied the stack temperature by ±100 K
from the baseline to investigate its impact on near-source envi-
ronment. The resulting contour plot of PM2.5 concentration was
illustrated in Fig. 8. Raising the stack temperature could create
more air buoyance and cause the plume to travel higher from the
ground, and vice versa (Fig. 8). As a result, the near-ground con-
centration decreased with increasing stack temperature. In addi-
tion, PM2.5 concentrations at the rooftop level remained more or
less the same regardless the stack temperature, implying the
dominant role of nearby building on stack plume dispersion.

4.6. Onsite vs. airport meteorological data

Dispersion modeling required in the permitting processes usu-
ally rely on meteorological data from the nearby airport. In our
study, the nearest airport weather station (SYR) is about five miles

Fig. 6. a) Contour plot of primary PM2.5 concentrations at near-ground level with ESP [mg m!3]; b) Contour plot of primary PM2.5 concentrations at roof level with ESP.

Fig. 7. Top view and side view of primary PM2.5 concentration contour [mg m!3] under three ambient wind speeds without ESP. u is the baseline wind speed at 2 m s!1. The
reference plane of the top view is taken at 1.5 m above the ground outside IH. Its location is displayed in the Supporting Information.

Z. Tong et al. / Environmental Pollution 220 (2017) 1112e11201118

• The	maximum	concentration	could	exceed	35	mg	m	3	at	
the	rooftop	and	windward	faca̧de,	even	though	the	
concentration	at	the	ground	level	was	nearly	zero.

• DG	permitting	only	considers	ground-level	concentrations.

DG	Permitting
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