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Relationship ot Energy with
Cities

EPA cites Adaptation as Key

Strategy for Climate Change
Response Dr. Joel Scheraga

Inside EPA February 9, 2007



Energy in Today’s World

0O “"Extending hope and opportunity depends

on a that keeps
America's and
America's " _ the

President of United State’s State of the Union address 2007
(this is a global issue)

O "Warming of the climate system is
unequivocal," the cause is " "
, and "

. = the Fourth Assessment Report - WG1-
IPCC, February 2007
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FEnergy and Cities

O Globalizing of world energy
O Providing

are major concerns for policymakers

= U.S. Conference of Mayors’ National Summit On Energy and
the Environment, May 2006

= London: The Mayor’s Energy Strategy, February 2004
= New York: PLANYC 2030, December 2006
= Large Cities Climate Summit - C20: 2005, C40: 2007

O Energy & Environmental systems in agglomerated urban
regions consist of

O Planning for these systems are comprised of two levels:
= Analysis of the overall local or regional systems for

= Analysis and optimization of
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Energy-Water Nexus

ASE (Alliance to Save Energy). (2002). Watergy: Taking Advantage of Untapped Energy and Water Efficiency Opportunities in Municipal Water Systems,

report by K James, SL Campbell, CE Godlove, ASE, Washington, D.C. 2. EIA (U.S. Department of Energy-Energy Information Administration). (2005). BBOOK"’.“'E“
Annual Energy Outlook 2005, report prepared by JJ Conti, PD Holtberg, JA Beamon, JM Kendell, AS Kydes, U.S. Department of Energy-EIA, Washington, NATIONAL LABORATORY
D.C. 3. USGS Circular 1268 Estimated Use of Water in the United States in 2000 (2004)




MARKAL Methodology to
Address Urban Energy and

Environmental Issues
I 4@ e

NYC MARKAL to reduce GHG's

Electricity, Water and Solid
Waste Nexus



MARKAL as an Energy & Environment
Planning Tool

O for energy
systems analysis, developed at BNL in 1970s.

under the auspices of the
International Energy Agency
and the US Department of
Energy

Approximately 120 user
institutions in

framework - allows use of
different features depending on
modeling needs

= Methodology is

Total Developing = 23
Total Other =13 BROOKHFAEN
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MARKAL Framework Overview

[ Energy Economy j

Capital Needs &
Technology Deployment

Availability of technologies

Constraints 4 A
on Import Demand
and Mining j‘> for Economy
of Energy Energy and
Services Society

Energy S ’

Consumption Ecological effects
Emissions
[ Environment
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O (MARKet ALlocation) is an
energy, environment and economic model, to
for energy technologies
over a short-, medium- and long-term horizon under
within the entire
energy system.

O Utilizes a approach to represent and
characterize
— highlights synergies, offsets and
feedback effects

O Facilitates Urban Planners in selecting
over the entire system based on

= Involve all in the planning process
= Set-up a plan for

BROOKHFAEN

NATIONAL LABORATORY



Demonstrative MARKAIL Reference
Energy System
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US National Energy Planning

Applications of MARKAL

Support for
O Analyze the long-term market

= Office of Energy Efficiency & Renewable Energy
= Office of Nuclear Energy

O Assess competitiveness of
for the Office of Policy and International Affairs

O Options and tradeoffs of alternative
with respect to
demand, technology cost, regional mix, and feedstock
prices

O Develop and demonstrate the utility of

Provides platform to model DOE programs such as

BROOKHFAEN
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Global and Local Applications of
MARKAL

O U.S. Environmental Protection Agency
o energy efficiency and urban heat island
mitigation project
= Assisting institutions for building energy system models
o national energy model and policy analysis
- energy and environment cooperation

O MARKAL model and supporting policy analysis
O Development of energy system and extensive
refinery model

O Development of MARKAL and training
government officers on MARKAL modeling

O Enhancement of MARKAL and training Korean
government officers and energy professionals on MARKAL
modeling

Assisting the Government of on Eco-Cities project

BROOKHFAEN
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A Demonstrative Case-

study: New York City




NYC MARKAI Model

O Multi-region structure to measure the impacts of

on the electricity demand at
the sub-station level

O Network capability to model

O Integrated framework for evaluating NYC system-
wide effects in

, due to changes in
hot pockets/substations

BROOKHFAEN
NATION X

AL LABORATOR



Late Afternoon Temperatures (°F)

SURFACE TEMPERATURE
Landsat ETM
July 22 2002
10:30 AM
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MARKAL-EnergyPlus-MMJ5 Interactions

Centrifugal W
Chiller J

Demand for
AC in Buildings

A 4

Grid JElectric Heaﬂ
TEELC Exchange TEXLC L Pumps J

Conventional W
AC J EnergyPlus

.
Energy Star ... | |Conservation
AC | Shell - DSM

Central Stations

DER

MMS5: Meso-scale Climate Model

EnergyPlus: Building Energy Simulation Model
DSM: Demand Side Management MM5

DER: Distributed Energy Resources

TEELC: High Voltage Electricity Transmission
TEXLC: Low Voltage Electricity Transmission BROOKHELVEN
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NYC MARKAL Modeling Framework

Delivered ilizati Utilization
Generation ransmission UtIIIZfatlon .
Resources & Distributio Regions Devices/DS

Astorla
Natural Gas_ )f\rthur Kill >@Lower Manhattan Commercial & Residential
avenswoo 2 _
| 4.Othe|"s O >@®Midtown Manhattan >@ Air Conditioning
! X .
| S N >® Crown He|ghts - Brklyn . >@ Space Heatlng
Hudson >;' >®\Maspeth - Queens >® Lighting
Refined il ,¢74" St 2 >®Fordham - Bronx >® Building Misc.
Products A.Gowanus >® Ocean Parkway - Brklyn
\1 tchers >@® Other Sub-stations
,_ ______________ >® |ndustrial Misc.
Upstate |~~~ " T TTTTT---= —

>® Public Authority

>® Subway & Other

elghborlng\ :
AJ;tates Train Transport

O Builds on extensive plant level information from the Energy
Information Administration and the Environmental Protection Agency

O Time of the day peak-load was modeled on the basis of seasonal
variability BROOKHAVEN
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RE S D i ag ra m Reference Energy System

Energy Carrier
ELC : Electricity

SUPPLY

Data Management & Scenario
Development

E TRAINING - ANSWER-MARKAL Energy Modelling
File  Edit “iew Hun Tool: Functions Help

=| | | x| Gy ] v

Data Management

Scenarios Selected Scenatios:

Mame | Desoription [ Created | Modified [ Hame | Desiiption Modified
COEASE Training Mods! Base Scenario 2000/07/30 11:03 2001/02/04 0314 [ ease Training Model Base Scenaria 2001/02/04 0314
B ooz i 002 i 02 2000731 1417
B EFFTCH Advanced & efficien godel Run Details vanced & efficient technology p... 2001/01/2012:35

Description: [MARKAL - Base + Adv & Eff technology w/ CO2

e ometa. | Output w/ Excel Graph

Comment: [Combing the BASE scenaria with the advanced and energy efficient technologies in the =

Gy [Ptemetesoensii o cpply the COZ stabizaton i Case Parameter Emission 1990 2000 2010
Stat the mod! from the previous solution] = Base w/ CO2 Emission Marginal Carbon Dioxide 0 -20.91 -19.54
Model Variani: [Stardard MARKAL =1 Erdyes[2mn =] Adv & Eff technology w/ CO2 Emission Marginal Carbon Dioxide 0 -17.81 -18.92
I~ Colapse I Differential DMD Costing MM - Base w/ CO2 Emission Marginal /Carbon Dioxide 0 -22.62 -21.25
Scenaiios comprisig this un MM - Adv & Eff technology w/ CO2 |Emission Marginal Carbon Dioxide 0 -21.92 -18.91
Nams [ Desotiption [ Modified [ Add. |
h] | LA BASE Training Model Base Scenario 2001/02/04 0314 O |
BEFFTCH|  Advanced b efficient technology penetiali..  2001/01/3012:35 . :
MEY ‘ B coz limit CO2 2001/01/31 1417 Up i | Batch Run Emissions Marginal Cost: CO2
Ri its M t
oy gemen B m Base w/ CO2
Mame [ Desciiption i Lo Eseriplion [ Created | 0+ Emission Marginal
53 BasT MAaRKAL Baze Casi | BaseCase DD File: \E VANSWERYGams_wikRMABAST.DD Modify. l5RKAL Base Case 2001/02/06 09:29 Carbon Dioxide
5 pasTC Bage w/ CO2 € Solve from scratch & Solve using GAMS Restart e w/ CO2 2001/0/ 1429
53 EFFTCH Ay & Eff technolog || GAMS Restart Files: [C:\ANSWER\Gams_wikRM\Gamssave’_Lastun g0l Moy, Hv & Eff technology w/ CO2 2001/0/3 14:3 -5 m Adv & Eff technology
I3 EFFTCHC Adv & Efftechnolog | GaMs Save Fies: [CANSWER\Gams_WikAMGamssavel_Lastun g0l Mady. w/ CO2 Emission
53 MMBAS bM - Base Case 5 - -104 -
3 MMBASC MM -Basew/CO2 [ oo K Marginal Carbon
3 MMEFFT WM - v & EIf tech & — Dioxide
IS5 MMEFFTC MM - A & ENf tech T EdtGAMS GEN File I~ Generate Files, Da Mot Fun Cancel -15+ O MM - Base w/ CO2
Emission Marginal
20+ Carbon Dioxide
25
- 0O MM - Adv & Eff
2l [l 1990 2000 2010
technology w/ CO2 v “
| view LST... | ViewFie: Delete Edt. | Results | Results tab] Years Emission Marginal '\ "]
D atabase: C:AAMSWERainingt TRAINING.mdb Edit Scenario: EFFTCH Carbon Dioxide ORATORY
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EnergyPlus Building Energy Simulation

- ™ O Builds on the most
Building Description e popular features and
EnergyPlus capabilities of BLAST
Simulation Manager | and DOE'Z
T mrara| O Calculates HVAC loads
Mass ¢ Buiking = *=" User to maintain thermal
COMIS Balance | Systems TRNSYS Interfaces .
1 Simulation | Simulation j—. control setpoints,
r— == e based on the
- building’s physical
= ol make-up, mechanical
J systems,
Figure 1. EnergyFlus - the big picture enVironmentaI

conditions, etc.

Web: www.eere.energy.gov/buildings/energyplus/ BROOKHEVEN
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EnergyPlus/UHI: Building Mix

Humbeer of Sioyim derpeed from NYC RPAL P00
Thin map was preqpeed hy Sennsder Cox,
é" 2 Hanber College! Regonal Plan Asasacaticn, il
5 S S
&

Wxﬁu’m
NATIO L LABORATORY
£ ot Maps Source: NYSERDA UHI Study




Building Inventory to Cooling Demand

COOLING DEMAND Older 3 Older 10 Glass 3 Glass 10
Peak
buildings - - - -
base (kW/ sq meter) 0.019 0.066 0.028 0.095
deg & roof (kW / sq meter) 0.016 0.057 0.021 0.075
reduction -16% -13% -23% -21%
Daily
buildings - - - -
base (kW/ sq meter) 0.30 1.01 0.38 1.27
deg & roof (kW/ sq meter) 0.24 0.83 0.25 0.88
reduction -20% -18% -33% -31%

O Prototype buildings were selected from the building inventory
of the area to measure benefits of various mitigation

Measures
BROOKHFAVEN
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FEnergyPlus LLoad Schedule- time of day
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Energy Star Technologies

llllll

= - o
WEPA How does ENERGY STAR Buildings help you? L E

I i
. BUILDINGS

SRS, R

Take the Path with the Most Benefits

Green Building Other Load Fan Heating and
Lights Tune-Up Reductions System  Cooling Plant
Upgrades Improvements
Maintenance & Measuring
2 .V 2] - : - : = ; --uv-‘--.'- E"
: s S NATIONAL LABORATORY
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Key Benetits to the City

O Carbon

M >2<>6°1/cbreduction in carbon from Municipal facilities/sources by

= XxXx% reduction in carbon from the entire city by 2030
O Energy
Reduction in energy use per capita
Reduction in energy use intensity
Increased use of renewable resources
Decreased reliance on imported fossil fuels
Increased use of efficient appliances/ green technology/etc.
Decrease in energy for transportation
O Sustainability

= Increase in recycling of solid waste

= Efficient and reliable transportation
O Society
®" Provide a clean environment for all city residents
=" Keep energy costs as low as possible

BROOKHFAEN
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Impacts of UHI Measures and Energy
Star Technologies

Peaking Load for Lower Manhattan Sub-station
Annual Electricity Consum ption for Lower Manhattan Sub-station
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NYC: Emission Reductions due to UHI
Measures and Energy Star Technologies
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Summary

O Urban system of alternative
strategies are and need a

O Adaptation to such a new concept can lead to
to the long-term
energy security and the environmental
sustainability

O BNL's

in local energy and
environmental planning

O Such a will provide
us with a to address an
to tackle pressing urban energy and

= gnvironmental
8 BROOKHELVEN
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