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Executive Summary

In this report we describe the first integrated framework for modeling of energy supply/demand, electricity loads of buildings, and urban heat island effects in major urban areas that provides a systematic approach toward identifying and implementing opportunities and policies for the reduction of energy system loads and related pollution prevention (P2) metrics. This project focuses on the integration of modeling approaches and their feasibility and data needs. This integration of existing modeling approaches includes an internationally recognized energy supply/demand model plus the most widely-used building energy simulation model in the U.S. plus a recently developed approach to the modeling of urban heat island effects. Taken together, these provide an analytic tool to enable New York City and other urban areas to develop and test policies for energy efficiency and determine the expected economic and pollution prevention (P2) metrics for such policies.

MARKAL (MARKet ALlocation) is a dynamic linear programming model of a generalized energy system. The model calculates a least-cost system configuration that satisfies externally defined demands for final energy services (e.g. air conditioning), while taking into account environmental objectives (e.g. reductions in CO2, NOX and SOX emissions). The model outputs include quantified P2 metrics for each time period over the horizon of interest, such as projected reductions in waste emissions from stack gases from implementation of the USEPA Energy Star Building Program or renewable energy technology portfolios. Potential future extensions of the model to incorporate material flows into an energy-materials version of MARKAL would support a broader systems approach to addressing pollution prevention and could contribute in the future to broader adoption of ISO-14000 environmental management systems.

EnergyPlus is the official building energy simulation of the Department of Energy.  This energy analysis tool is intended to provide thermal load and energy analysis for engineers to optimize building energy performance. From a building’s physical make-up, associated mechanical systems and outside weather, EnergyPlus will calculate heating and cooling thermal load, electricity load, and energy consumption.  These are linked into the MARKAL model above to provide a more detailed picture of how policies like Energy Star that impact buildings can subsequently reduce energy system peak loads, energy system supply side capacity requirements, and their related pollution prevention (P2) metrics.

Urban Heat Island (UHI) analysis in this report is a link to recent modeling efforts intended to examine impacts of “greening” strategies that reduce thermal load in localized urban areas. It is not strictly a modeling framework in the sense of MARKAL or EnergyPlus. Nonetheless, the UHI approach is sufficiently structured to provide data required for the EnergyPlus model and, therefore, to pass through the urban heat island mitigation impact upon building energy demands into MARKAL and the supply side of the energy system. 

The integration of three models creates a portfolio approach to study energy saving and emissions reduction strategies. Framework for cooperation, between different state and federal agencies, academic institutions and the industry, demonstrated by the New York City MARKAL project highlights “validation of concept”. Further “proof of concept” for necessary development mechanisms is required to create implementation projects as a next step.
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1.
Introduction

USEPA designed the Pollution Prevention (P2) Small Grant Program to help implement the Pollution Prevention Act of 1990.  That Act defines pollution prevention as

"...any practice which reduces the amount of any hazardous substance, pollutant, or contaminant entering any waste stream or otherwise released into the environment (including fugitive emissions) prior to recycling, treatment or disposal; and any practice which reduces the hazards to public health and the environment associated with the release of such substances, pollutants, or contaminants." 

The Agency also seeks to encourage the wider use of environmental management systems (EMS), a systematic approach toward identifying and implementing P2 and other environmental opportunities (USEPA, 1998): 
  EMS can be defined as

“that part of the overall management system which includes organizational structure, planning activities, responsibilities, practices, procedures, processes and resources for developing, implementing, achieving, reviewing and maintaining the environmental policy."  Source:  International Organization for Standardization (ISO) 14001.

Efforts to widen the use of EMS in the P2 context have been hampered by the absence of a methodology for relating pollution flows to other flows of material and energy and the lack of indicators to measure the degree of success in reducing releases of hazardous substances, pollutants, and contaminants in relation to material and energy flows.  In this report, we limit discussion to energy flows, but note in latter conclusions that extension into pollution prevention metrics (P2) material flows would be a natural next step in this modeling.

An urban approach to environmental management for New York City provides a systematic approach for identifying and implementing opportunities in pollution prevention (P2). This requires development of an integrated modeling approach to encompass the energy system (MARKAL), the particularly large impacts of buildings in urban areas (EnergyPlus), and the ability to measure impacts of mitigation of urban heat island (UHI).

The distinguishing characteristic of the New York City energy modeling project is that in its present “validation of concept mode”, it is designed to engage the electric utilities for New York City in actively exploring with the green building community how immediate relief could be provided to the electric grid with measurable results in emission reductions. As we describe later if the “validation of concept” can be taken to the next level; “proof of concept” with the electric utility and green building community the potential exists to design a new generation of programs both in the public and private sector which will accelerate the penetration of demand side efficiency technologies.

2.
An Urban Energy Modeling Framework

The New York City integrated energy modeling project supported by EPA New York Regional Office is a collaboration of Brookhaven National Laboratory (BNL) and State University of New York at Stony Brook (SUNYSB). The project uses a portfolio of models interactively to evaluate mitigation strategies covering demand side management (e.g. energy star technologies), and UHI mitigation measures (e.g. city greening techniques). A detailed New York City multi-regional MARKAL model is developed by BNL to simulate current and projected energy and electricity demands, electricity transmission and distribution requirements and peak load patterns in the City and selected hot spots. EnergyPlus - a building energy simulation model developed by the U.S. Department of Energy is used by SUNYSB to quantify specific building end-use energy flows and electricity load patterns.  A meso-scale climate model MM5 used by the New York State Energy Research and Development Authority and Department of Environmental Conservation, provided impacts of urban heat island (UHI) mitigation strategies like, urban forestry and green/reflective roofs. 

The reduction of end-use energy demands in buildings due to these changes is measurable in EnergyPlus, which is then fed to MARKAL to measure peak load and emission reductions. Figure 1 schematically represents the “portfolio of models” approach and interactions of EnergyPlus and UHI study with MARKAL framework. Overloaded sub-stations and high heat emitting locations considered as hot-spots were identified in consultation with the Consolidated Edison Company - the energy utility for New York City - to study impacts of mitigation strategies and reduced electric demand during the summer peak period. New York City MARKAL project considered Lower Manhattan hot spot as a case study to measure the benefits of the mitigation strategies. However challenging this task of integrating all modeling approaches is, taken together, it provides an insightful methodology to enable New York City and other urban areas to develop and test policies for energy efficiency, UHI mitigation, and determine the expected economic and pollution prevention (P2) metrics for mitigation policies.


[image: image1]
Figure 1: EnergyPlus and UHI Study Interactions with MARKAL Framework

Source: Lee and others, 2005

2 .1
MARKAL and the Reference Energy System

The MARKAL (MARKet ALlocation) framework was developed by BNL in collaboration with the International Energy Agency’s Energy Technology Systems Analysis Programme (ETSAP) in the 1970s (Hamilton and others, 1992). The model has been continuously improved and adapted for more than 25 years in the US and in fifty other nations for regional, national and international energy, environment and economic analysis. The MARKAL format for treating energy and material flows is well established, including a Microsoft Windows interface for ease of use, and the model is reviewed and updated through an International User Group under the auspices of ETSAP (ABARE, 2001).

MARKAL is a dynamic linear programming model of a generalized energy system (Loulou, Goldstein and Noble, 2004). The flexible nature of the modeling framework, depicted as the reference energy system (RES) in Figure 2, allows explicit modeling of energy resources, central and distributed electricity generation technologies, transmission and distribution technologies, end-use consumption technologies, all sector demands, related emissions and any constraints or policy assumptions that may be applied to the energy system (Lee and others, 2005). The model calculates the least-cost system configuration that satisfies externally defined demands for final energy services (e.g. air conditioning), while taking into account environmental objectives (e.g. reductions in CO2, NOX and SOX emissions). 


[image: image2]
Figure 2: Reference Energy System for New York City Regional MARKAL Model

Source: Lee and others, 2005

The MARKAL outputs include quantified P2 metrics for each time period over the time horizon of interest such as projected reductions in waste emissions from stack gases from implementation of energy efficient technologies, the USEPA Energy Star Building Program or renewable energy technology portfolios. Potential future extensions of the model to incorporate material flows into the standard model to produce an energy-materials version of MARKAL would support a broader systems approach to addressing waste minimization and pollution prevention than discussed in this report and could contribute in the future to broader adoption of ISO-14000 environmental management systems (SUNYSB-BNL, 2004).

MARKAL has been applied with the joint efforts of USEPA and BNL, for instance, towards examining the effects of implementing Energy Star Building Program technologies in Hong Kong and Taiwan to measure reductions in energy use and subsequent CO2 emissions (Lee and Linky, 1999). USEPA is currently funding a project to develop a Northeastern regional version MARKAL model (NEMARKAL) for the six New England states. The states of New York and New Jersey may participate in the exercise once the concept is validated. The USEPA Office of Research and Development (ORD) is the principal funding agency along with in-kind contributions from State participants. Unlike the MADRI and RGGI, the NEMARKAL is a comprehensive stationary and mobile source technology evaluation tool which addresses issues from greenhouse gas (GHG) reductions in the electric generation and transportation sectors, reductions of Clean Air Act criteria pollutants and reducing energy intensity in commercial and industrial buildings. This model is intended as the pilot and flagship of a group of nine regional models for the continental US. NEMARKAL primarily focuses on State Air Quality Programs as it is developed by NESCAUM (Northeastern States Coordinated Air Use Management) - an organization which is composed of State Government Air Quality Directors. Taking this framework into consideration, future regional MARKAL models should be developed on the structure of nation’s electric grid, considering Regional Transmission Organizations (RTO) as boundaries for other regional models.

2 .2
EnergyPlus for Electricity Load and Energy Demand of Buildings

EnergyPlus is the official building energy simulation of the Department of Energy. It is a newer, extended version of BLAST and DOE-2.  The intent is to provide energy and load simulation for engineers to size HVAC equipment, develop retrofit studies for life cycle cost analyses, and optimize energy performance.  This kind of modeling reflects recognition that building energy consumption is a major component of American energy usage.

EnergyPlus is an energy analysis and thermal load simulation program.  Based on a user’s description of a building from the perspective of the building’s physical make-up, associated mechanical systems and outside weather, EnergyPlus will calculate heating and cooling loads necessary to maintain thermal control set-points, conditions throughout an HVAC system, and the energy demand for lighting and equipment. Included in the building simulation are a number of details that are very useful in linking to the Reference Energy System and providing details of both loads and consumption. 

It is the intent of EnergyPlus to handle a wide variety of building and HVAC design options either directly or indirectly through links to other programs in order to calculate thermal loads and/or energy consumption for a design day or extended periods up to a year.  While the first version of the program directly links thermal aspects of buildings, future versions of the program will attempt to address other issues, like water and electrical systems. EnergyPlus is a computational “engine.”  That is, it does thermal and other computation, but includes very little error checking.  It assumes users provide appropriate data in appropriate files, and we discuss below some details of the required link from EnergyPlus into MARKAL.

2 .4
Future Potential for Integration of Materials Flows

Materials use generally involves the conversion of raw materials (e.g., crude oil, metals) into manufactured products (e.g., plastics, car parts), product handling and transport, with consequent streams of material reuse, recycling, waste-to-energy or disposal.  Each step in this flow requires various processes with the associated energy demands. Materials flow processes of interest may thus be coupled to the RES, and would expand the stand-alone energy analysis so as to provide an integrated approach to policy and the environment.  A generic representation for material flow processes is shown in Figure 3.  The block for “Disposal” (the term used by Gielen 1995) in this figure may be considered a multimedia element; e.g. incineration or landfill with consequent air emissions or wastewater discharge. This systems approach to material flows allows the environmental impact at each step in the flow process to be examined and constitutes an innovative application for linking multimedia flows to the RES.
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Figure 3. Generic Materials Flow Diagram (adapted from Gielen 1995)

One difference between energy and material flows is the longer time lag between the use of materials for product manufacturing and the release of waste materials beyond the useful lives of those products.  Also, waste materials can often be recycled into primary materials, or recovered and reused at significant energy savings; e.g. increased plastic waste recycling, direct reuse of spare car parts.  These and other features of a coupled energy-materials system can be accounted for using an integrated energy-material flows MARKAL model.  Such a model has been shown to be better at examining greenhouse gas mitigation (GHG) strategies than an “energy only” MARKAL, because in some circumstances, it may be more efficient to reduce GHG emissions in the materials system than in the energy system (Gielen, 1998). 

In general, P2 measures related to energy and materials conservation that may be examined using an energy-materials version of MARKAL include energy savings based on new technologies, technology substitution and evolution, reduction of materials consumption (e.g., reuse of building materials or packaging, improved material quality requiring less material for the same material service), and materials substitution.

3.
P2 Metrics

An environmental management system utilizes indicators or metrics to quantify various aspects of environmental performance, including pollution prevention. Integration of the modeling approaches above supports urban system-wide assessment of environmental management strategies for achieving P2 outcomes. If then extended to the energy-materials system, this analysis tool would be useful for quantifying and projecting pollution flows, analyzing the inter-relationships among various sources, flows and sinks for pollution, devising cost-effective strategies for reducing those flows, and developing the metrics to measure the success of those strategies.

The integrated MARKAL/EnergyPlus/UHI model in this report does quantify P2 metrics for each time period over the time frame of interest (e.g. projected reductions in waste emissions from stack gases via urban heat island mitigation or energy-efficient buildings). These metrics would reflect the projected outcomes of environmental management practice scenarios, and may be defined, for instance, on per cost (energy or monetary), per land area, and per capita bases, for individual technologies. Examples could include:

· Energy usage, end-use demands, and emission levels for specific building technologies and for specific “greening” strategies to reduce urban heat island loads.

· Greenhouse gas emission on the supply side.

· Emissions or releases of specified pollutants per unit of energy used (e.g., pounds per kilowatt-hour).

Further, the integrated MARKAL/EnergyPlus/UHI framework also may be used to quantify a range of prices for management-related indicators, such as the prices for electricity by season and time of day, and the costs for reduction in emission levels.

4.
EnergyPlus
EnergyPlus is an energy analysis and thermal load simulation program. Based on a user’s description of a building’s physical make-up, associated mechanical systems, and ambient environment, EnergyPlus will calculate the heating and cooling loads necessary to maintain thermal control setpoints, and the energy consumption of primary plant equipment as well as many other simulation details that are necessary to verify that the simulation is performing as the actual building would. No program is able to handle every simulation situation. However, EnergyPlus does handle a wide variety of building and HVAC (heating, ventilation, air conditioning) design options, either directly or indirectly through links to other programs, in order to calculate thermal loads and energy consumption for a single design day or up to year.

EnergyPlus simulation of thermal loads and energy consumption is controlled through a combined “input data file.” In this file are software objects that specify details of building design and structure, energy technologies and equipment, and ambient conditions. The interplay of these three basic elements –building, equipment, ambient environment- within the EnergyPlus “computational engine” leads to estimated heating/cooling loads by time of day and overall estimates of energy demand.

4 .1
Building energy simulation

The modularity of EnergyPlus makes it easier for other developers to add other component simulation modules. Initially the EnergyPlus code contains a significant number of existing modules and there are many places within the HVAC code where natural links to new programming elements can be established according to figure 4. These are fully documented to assist other developers in a swift integration of their research into EnergyPlus.
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Figure 4. EnergyPlus links to inputs (at the left) and outputs (at the right) - from EnergyPlus documentation (2004).

Note that researchers can add detail on either input side (“outside temperature” as in our urban heat island mitigation links) or output side (as in future material flows and associated pollution prevention (P2) metrics).

4 .2
Ambient  Conditions

Weather data in EnergyPlus is in a simple text-based format which includes latitude, longitude, time zone, elevation, peak heating and cooling design conditions, daylight saving. Data is similar to the TMY2 weather data set (NREL 1995). EnergyPlus does not require a full year, but instead allows and reads subsets of time. EnergyPlus also can read standard weather service file types.

Here we do not build a direct computer file interface between urban heat island mitigation study results and the temperature profile input to EnergyPlus. In this first linking of these modeling efforts, we specify the data and formats that require transfer from UHI output to EnergyPlus input and how this is accomplished for the case study of the integrated urban energy modeling framework included in this report. The issue of how to construct a software interface and whether it would be useful to do so is a subject of further study.

4 .3
Electricity load and energy consumption

EnergyPlus produces what it calls “energy meter” files that summarize energy analysis. As noted in section 2.2 earlier, these energy outputs are the demand side input into the Reference Energy System, essentially the driving force behind energy supply/demand and the eventual computation of pollution prevention (P2) metrics.

5. 
Urban Heat Island

An urban heat island (UHI) develops when natural surfaces like grass and trees are replaced with pavement and other impervious surfaces that retain energy. This raises surface and near-surface air temperatures (Rowenzweig and Solecki 2005).

The New York State Energy Research and Development Authority and Department of Environmental Conservation initiated a project to examine “green”, UHI. The project, comprising Hunter College, City University of New York and the NASA-Goddard Institute of Space Studies, uses a meso-scale climate model MM5 supported by geographical information system based land use land cover models. Cooperation was sought to quantify UHI effects in EnergyPlus resulting from “green” mitigation strategies. Since our own work is oriented toward the integration of modeling frameworks, only a very brief description of the UHI study is provided here. For our purposes, it is the potential for reduction of ambient temperature surrounding the building shell that is of interest. And, the UHI study has a number of study areas, one of which overlaps with the electrical node area that will be used for our integrated Energy/Buildings/UHI model application.  

5.1
The UHI Case Study Area

Their Lower Manhattan East case study area is about ten square kilometers at the southern tip of Manhattan, surrounded by water on all sides. The area can be described as two sections: the downtown business district, characterized by low residential population density, high daytime population and high density energy use with tall buildings; and Chinatown/East Village, characterized by high population density and commercial space. 

5.2
Mitigation Strategies and their Link into the Modeling Framework

In broad terms, the UHI study found that their models suggest rapid mixing of temperature differentials. For example, strategies that increase albedo, hence lower surface temperatures, are not highly effective on our scale of tall buildings. In fact, they note surface temperature differentials between surfaces of trees and pavement can approach 10º C in mid-afternoon, but at two-meter height, the differentials rarely exceed 1º C. In addition, since the southern tip of Manhattan is relatively windy, local atmospheric mixing probably would result in even lower differentials, and smaller impacts on temperature surrounding the shell of buildings. 

While trees may provide some shading and, thereby lower the surface and air temperature surrounding buildings at street level, for taller buildings this is unlikely to be significant energy determinant. From a number of meetings with the UHI study, our interpretation of their work on greening of streets, green roof, and improvement in albedo work in terms of expected outside temperature surrounding buildings is reductions certainly no greater than 1º C, and probably no greater than 0.5º C total. Both this outside temperature estimate and green roofs serve as direct input to the buildings model.

6. 
Case Study of Lower Manhattan

The case study area is roughly a substation node of Consolidated Edison with limitations on electric supply capacity.  Broadly, the area lies below Canal Street and is a mixture of very old housing stock with the newer tall structures in the downtown financial district and government buildings areas.

Urban heat island policies - including green roof, light color pavement, trees – have impacts directly on the building shell as increased albedo at ground or roof surface levels or reduced temperature surrounding the shell. Since we are primarily interested in peak loads for electricity on the grid, we will focus on the use of the buildings model to estimate reduction of peak cooling demand in buildings. Other “green” or Energy Star technologies, while they might be handled in the buildings model, will be placed in the framework of the MARKAL energy system model.

6.1
Peak Cooling Demand for Office and Commercial Space 

For the case study here, the integrated portfolio of energy/buildings/UHI models is intended to address the question of the impact of urban heat island mitigation upon peak demand for electricity. As noted above, from the urban heat island modeling group we obtain estimates of temperature reductions surrounding the shell of a building. Using an Energy Plus building model, we then determine reductions in cooling demand, which link into the energy system model. Technologies to meet cooling demand are in the MARKAL energy system model, which allows tracing impacts back to energy supply side and, particularly, P2 pollutant reductions.

From available data on the building mix on the east side of New York below 14th street, we find buildings can be described conveniently as “older” and “newer” types of construction. Newer is largely glass outside wall, whereas older is typical stone walls with windows. Building height has some impact on cooling demand per square meter; simulated peak cooling demand for newer buildings varies from 0.133 kW/square meter in three-story buildings to 0.120 kW/square meter in thirty-story buildings, but this variation is not significant in the context of this case study. The predominant buildings are six-story and higher, for which height has little effect on per square meter demand. Consequently, we summarize building analysis for a ten-story building in table 1, which shows peak cooling demand (kW/square meter) and daily cooling energy demand (kWh/square meter).

Results in table 1 suggest peak demand for older buildings could be reduced from 0.67 Kw/sq meter to 0.61 kW/sq meter, or 9% if UHI impact is a reduction in outside temperature of two degrees C. In newer buildings, the 7% impact shows a bit smaller response to outside temperatures. Because urban center buildings are tall, and roof airspace is well insulated from floors below, green roof contribution is much less than 1% of the total reduced cooling demand shown. Almost the entire impact is ambient temperature. 
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COOLING DEMAND

   Peak (kW/sq m)

%

    Daily (kWh/sq m)

%

base

deg & roof

base

deg & roof

    Older

0.067

0.061

-9%

1.10

0.98

-11%

    Newer

0.123

0.115

-7%

2.09

1.91

-9%

    Note.  Ten story building. Base is 35.5 degree C in NYC.  Deg&roof is -2 degree C and green roof.


Table 1. Reduction in cooling demand (peak power and daily energy) for 2º C temperature decline.

A more complete picture of outside temperature impact on peak demand for cooling is shown in figure 5 below. The dotted line for older buildings shows decline in cooling demand with outside temperature; the upper line shows less effect for newer buildings. Simply put, newer buildings react somewhat less to changes in outside temperature than older buildings. And, to achieve something like twenty percent reductions in demand would require temperature declines in the range of four degrees Centigrade, which seem unachievable from reported results of the urban heat island mitigation study.
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Figure 5. Reduction of peak cooling demand with decrease in peak outside temperature.

Of major concern is the daily peak load for electricity in the case study area, which is heavily driven by cooling demand on hot summer days. A schedule of cooling demand for each hour of the day is shown in figure 6 below. The upper curve shown is a 35.5º C peak temperature daily load curve for newer buildings. The lower line assumes a 2º C drop in outside temperature as a result of urban heat island mitigation. Substantial temperature decline is required to produce peak power and energy savings in the twenty percent range, that is, the kind of savings achieved from energy conservation measures such as Energy Star strategies for lighting and equipment in buildings.
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Figure 6. Daily load curve for cooling demand (kW/square meter).

Should more detail be needed on energy use in buildings, we point out that the buildings model output can include additional reports for end uses on a daily basis throughout the year. 

6.2 
Background on Building Age-Height Distribution

To provide background for using the Energy Plus buildings model to estimate peak energy demand for cooling in buildings, while not central to the case study, we begin with some estimates of age and height of buildings in the Lower Manhattan area. The building profile for the specific case study area is not available. However, for the UHI study area of the east side of Manhattan below 14th street, a building mix is available (Cox, 2005).  With some caveats, that building distribution can be used to estimate height and age of buildings for our portfolio of integrated energy models for an urban area.

From an energy point of view, we will classify buildings as “older” construction pre-1970 and “newer” construction after 1970. In table 2 below is an age-height distribution obtained for commercial space from the RPA data. Commercial-office space is predominantly tall buildings, while residential is predominantly lower buildings. There is a bias toward newer and commercial space in our Con Ed node area compared to this overall summary for the lower east side of Manhattan.

Since our focus in the case study area is commercial/office space, in the table of the distribution of 102 million square feet of floor space, roughly half is older and half is newer construction. For the residential 94 million square feet of space, ninety percent is in older, lower height buildings. 

	COMMERICAL
	Older
	
	Modern
	
	Total
	

	
	bldgs
	sq ft
	bldgs
	sq ft
	bldgs
	sq ft

	<=6 story
	42.1%
	3.6%
	
	
	42.1%
	3.6%

	mid story
	44.8%
	44.1%
	
	
	44.8%
	44.1%

	> 30 story
	
	
	13.1%
	52.2%
	13.1%
	52.2%

	
	365
	49
	55
	54
	420
	102

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	RESIDENTIAL
	Older
	
	Modern
	
	Total
	

	
	bldgs
	sq ft
	bldgs
	sq ft
	bldgs
	sq ft

	<=6 story
	90.2%
	40.1%
	
	
	90.2%
	40.1%

	mid story
	9.4%
	55.5%
	
	
	9.4%
	55.5%

	>30 story
	
	
	0.4%
	4.3%
	0.4%
	4.3%

	
	4016
	89
	16
	4
	4032
	94


Table 2. Age-height distribution in the Lower Manhattan UHI study area.

We should note that even for the category “<= 6 story older” buildings, square footage is dominated by three-story and up. Hence, even here green roof and other urban heat island mitigation is somewhat limited by building height. 

6.3
Energy Consumption, Electricity Demand, Peak Load Reduction and P2 metrics

Preliminary results obtained from this portfolio approach indicate that Energy Star and UHI mitigation strategies, employed in tandem, can potentially suggest savings in energy, P2 metrics and system cost.

· Lower aggregate demands and consequentially, reduced supply side requirements indicated by MARKAL. 

· Reduced peak load requirement of the Lower Manhattan Sub-station, which moderately impacts the New York City’s energy system peak as shown in Figures 7 and 8. 

· Curtailed emissions of carbon dioxide and other criteria pollutants within the City are expressed in Figure 9. 

· Savings in energy system cost as referred in Figure 10.
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Figure 7: MARKAL Simulations for Lower Manhattan Case-study
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Figure 8: Impacts of Lower Manhattan Reductions on New York City Energy System
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Figure 9: System Wide P2 Benefits
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Figure 10: New York City System Cost Benefits

7. 
Conclusion and Next Steps

The integrated MARKAL/EnergyPlus/UHI framework for modeling of energy supply/demand, electricity loads of buildings, and urban heat island effects in major urban areas provides a systematic approach toward identifying and implementing opportunities and policies for the reduction of energy system loads and related pollution prevention (P2) metrics. The framework pulls together the recognized and widely applied MARKAL reference energy system model, the U.S Department of Energy EnergyPlus model for buildings, and recent urban heat island mitigation modeling. Taken together, these facilitate study of electric system peak load, energy system supply side capacity requirements and pollution prevention (P2) metrics.

In the future, extension of this integrated framework to include material flows would provide a systematic approach toward identifying and implementing additional opportunities in pollution prevention (P2) and facilitate developing measures of materials and energy efficiency. This would be an enhancement of MARKAL’s considerable power to analyze P2 and other environmental issues associated with the energy system and could serve as the basis for new pollution prevention metrics and strategies locally and nationally.

These activities and current programs in the EPA regions create framework to study energy saving and emissions reduction strategies. Framework for cooperation, between different state and federal agencies, academic institutions and the industry, demonstrated by the New York City MARKAL project highlights “validation of concept”. Further “proof of concept” for necessary development mechanisms is required to create implementation projects as a next step. A new generation of programs and public and private sector partnerships in terms of local utility companies (e.g. Consolidated Edison), state energy agencies (e.g. NYSERDA), regional transmission grid operators (e.g. NYISO) and green building community can be augmented to provide effective implementation projects. Such a concept and portfolio approach can be replicated on a national level to achieve desired reductions in energy consumption to relieve grid congestions, UHI effects, and emissions.
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			Note.  Ten story building. Base is 35.5 degree C in NYC.  Deg&roof is -2 degree C and green roof.
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			Date/Time			GND WEST ZONE:Zone/Sys Air Temp[C](Hourly)			GND CENTER ZONE:Zone/Sys Air Temp[C](Hourly)			GND EAST ZONE:Zone/Sys Air Temp[C](Hourly)			MID WEST ZONE:Zone/Sys Air Temp[C](Hourly)			MID CENTER ZONE:Zone/Sys Air Temp[C](Hourly)			MID EAST ZONE:Zone/Sys Air Temp[C](Hourly)			TOP WEST ZONE:Zone/Sys Air Temp[C](Hourly)			TOP CENTER ZONE:Zone/Sys Air Temp[C](Hourly)			TOP EAST ZONE:Zone/Sys Air Temp[C](Hourly)			GND WEST PURCHASED AIR:Purchased Air Sensible Cooling Energy[J](Hourly)			GND CENTER PURCHASED AIR:Purchased Air Sensible Cooling Energy[J](Hourly)			GND EAST PURCHASED AIR:Purchased Air Sensible Cooling Energy[J](Hourly)			MID WEST PURCHASED AIR:Purchased Air Sensible Cooling Energy[J](Hourly)			MID CENTER PURCHASED AIR:Purchased Air Sensible Cooling Energy[J](Hourly)			MID EAST PURCHASED AIR:Purchased Air Sensible Cooling Energy[J](Hourly)			TOP WEST PURCHASED AIR:Purchased Air Sensible Cooling Energy[J](Hourly)			TOP CENTER PURCHASED AIR:Purchased Air Sensible Cooling Energy[J](Hourly)			TOP EAST PURCHASED AIR:Purchased Air Sensible Cooling Energy[J](Hourly)


			01/21  01:00:00			21			21			21			21			21			21			21			21			21			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00


			01/21  02:00:00			21			21			21			21			21			21			21			21			21			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00


			01/21  03:00:00			21			21			21			21			21			21			21			21			21			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00


			01/21  04:00:00			21			21			21			21			21			21			21			21			21			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00


			01/21  05:00:00			21			21			21			21			21			21			21			21			21			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00


			01/21  06:00:00			21			21			21			21			21			21			21			21			21			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00


			01/21  07:00:00			21			21			21			21			21			21			21			21			21			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00


			01/21  08:00:00			21			21			21			21			21			21			21			21			21			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00


			01/21  09:00:00			21			21			21			21			21			21			21			21			21			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00


			01/21  10:00:00			21			21			21			21			21			21			21			21			21			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00


			01/21  11:00:00			21			21			21			21			21			21			21			21			21			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00


			01/21  12:00:00			21			21			21			21			21			21			21			21			21			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00


			01/21  13:00:00			21			21			21			21			21			21			21			21			21			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00


			01/21  14:00:00			21			21			21			21			21			21			21			21			21			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00																																													Vatsal			substation


			01/21  15:00:00			21			21			21			21			21			21			21			21			21			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00																																													220			Mw


			01/21  16:00:00			21			21			21			21			21			21			21			21			21			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00																																													800000			MWh			annual


			01/21  17:00:00			21			21			21			21			21			21			21			21			21			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00																																													0.22			M kW


			01/21  18:00:00			21			21			21			21			21			21			21			21			21			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00												10831384268			J																														1.7886178862			M sq m			SMALL !!


			01/21  19:00:00			21			21			21			21			21			21			21			21			21			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00												3009			kWh																					102			million sq ft												Cooling demand only.


			01/21  20:00:00			21			21			21			21			21			21			21			21			21			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00												2.09			kWh/sq m																					9.4758			million sq m												Lighting about 4x bigger.


			01/21  21:00:00			21			21			21			21			21			21			21			21			21			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00												0.194			kWh/sq ft																					0.6023499593			million kW


			01/21  22:00:00			21			21			21			21			21			21			21			21			21			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00												0.660			kBtu/sq ft																					602.3499593222			thous kW


			01/21  23:00:00			21			21			21			21			21			21			21			21			21			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00																																													Summer DD			-2 deg C


			01/21  24:00:00			21			21			21			21			21			21			21			21			21			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			0.00E+00			SUMMER DESIGN DAY									Summer DD			-2 deg C																														kW/sq m			kW/sq m						House


			07/21  01:00:00			21			21			21			21			21			21			21			21			21			9305958.25805952			18188130.300377			6998234.2221487			66752530.7775046			140750022.554619			49572646.7888161			8723033.05759675			22368166.5798641			6873579.65464591									0			329532302			293329328																											-11%			0.064			0.057						2000			sq ft


			07/21  02:00:00			21			21			21			21			21			21			21			21			21			8692387.37767811			17421029.6466925			6658288.19090579			61017963.8048967			133666233.408996			46985089.6959476			8023109.3456665			21214179.0371141			6527097.67086292									1			310205378			274156803																											-12%			0.060			0.053						185.8			sq m


			07/21  03:00:00			21			21			21			21			21			21			21			21			21			8160121.90538993			16737560.2094891			6361134.60358564			56449091.4982576			127598660.424068			44843143.9633959			7471407.58288612			20243291.4368148			6244513.01272011									2			294108925			258174503																											-12%			0.057			0.050						0.123			kW/sq m


			07/21  04:00:00			21			21			21			21			21			21			21			21			21			7697132.91305787			16127685.5384379			6100487.50979027			52774030.7698644			122383741.977159			43062960.9047285			7032495.92361387			19422793.6157105			6012858.36527572									3			280614188			244759900																											-13%			0.054			0.047						22.8589383355			kW


			07/21  05:00:00			21			21			21			21			21			21			21			21			21			7294262.0882192			15585119.9352737			5875068.37094551			49802780.8923801			117904928.842499			41601679.5981965			6681160.33852269			18729082.3372563			5825157.02344537									4			269299239			233495876																											-13%			0.052			0.045						cooling


			07/21  06:00:00			21			21			21			21			21			21			21			21			21			7059376.51161344			15433801.2207804			6134419.69926268			48193454.1386635			116441899.600874			43495245.91393			6508087.44256391			18484883.2857097			6070194.37844947									5			267821362			231829881																											-13%			0.052			0.045						3


			07/21  07:00:00			21			21			21			21			21			21			21			21			21			7351525.05903459			16528219.8008696			8751122.79030428			50917263.2067951			125523037.496212			64521718.1620647			7099815.10015011			20461487.4737543			8916223.40483835									6			310070412			272998628																											-12%			0.060			0.053						68.5768150064			kW elec


			07/21  08:00:00			21			21			21			21			21			21			21			21			21			7569908.5891678			17132656.6182799			11268173.3152416			53742234.5747189			132309163.507196			91111825.0110592			8070347.66969924			23567952.925738			12766728.008188									7			357538990			319719041																											-11%			0.069			0.062


			07/21  09:00:00			21			21			21			21			21			21			21			21			21			7985135.82857002			18447407.4670266			13216288.0630228			57989653.789304			143882344.117152			114884397.818379			9337499.84984524			27813353.5701306			16355918.2746163									8			409911999			371438188																											-9%			0.079			0.072						150			amp


			07/21  10:00:00			21			21			21			21			21			21			21			21			21			8632949.71215047			20650298.2048208			14441961.5780552			64303706.9905866			163306003.38131			130917351.093359			10832968.6365327			33033559.4842251			18946047.0463563									9			465064846			425950384																											-8%			0.090			0.082						220			volt


			07/21  11:00:00			21			21			21			21			21			21			21			21			21			9329935.282509			23181785.4763172			14752611.5662252			71634421.0246157			187701570.41934			136146204.324114			12358126.0324084			38587765.4205416			20119274.0877155									10			513811694			474219895																											-8%			0.099			0.091						33000			W house


			07/21  12:00:00			21			21			21			21			21			21			21			21			21			9966621.14809185			25628741.7218744			14259155.5014354			78894668.7929755			213298177.774733			130926066.864144			13733594.3942745			43794577.3332424			19882123.485628									11			550383727			510450259																											-7%			0.106			0.098


			07/21  13:00:00			21			21			21			21			21			21			21			21			21			10800876.8808454			27619152.7496561			13989291.9593044			87388003.6989026			235493424.891837			124664311.422956			15101615.5032568			47919759.8966689			19397199.0489144									12			582373636			542248070																											-7%			0.112			0.105


			07/21  14:00:00			21			21			21			21			21			21			21			21			21			12486163.8561194			28821344.4161855			13836039.6731235			102733958.341566			249876510.365608			119756406.947739			17155721.8652271			50306746.1791163			18915004.5580509									13			613887896			573677442																											-7%			0.118			0.111


			07/21  15:00:00			21			21			21			21			21			21			21			21			21			14485545.6374681			28988019.5580211			13418272.5683981			122868776.292519			253142084.886505			113459538.582797			19565764.9735682			50499162.1161405			18065747.4919443									14			634492912			594372947																											-6%			0.122			0.115


			07/21  16:00:00			21			21			21			21			21			21			21			21			21			16343676.0917716			28157980.8211891			12730102.4567394			143281716.7908			245037276.340842			105211974.186511			21735876.3992224			48501403.3994716			16786518.4384955									15			637786525			597867761																											-6%			0.123			0.115


			07/21  17:00:00			21			21			21			21			21			21			21			21			21			17836761.7831523			27212459.1544671			12026005.6050307			160369258.518247			233253114.981089			96880805.5405878			23263707.779047			45396893.4782398			15336668.9585886									16			631575676			591973710																											-6%			0.122			0.114


			07/21  18:00:00			21			21			21			21			21			21			21			21			21			18803490.7162353			27160615.2326749			11562849.2524642			171747729.967848			228293800.403854			90923195.3496151			23907167.0501366			42643245.9149323			14051973.2402937									17			629094067			589753863																											-6%			0.121			0.114


			07/21  19:00:00			21			21			21			21			21			21			21			21			21			18141116.2308695			26849071.7050609			10994326.8270316			167890112.330857			224037816.91772			85290456.755627			22564474.5955367			39524624.8474294			12701045.4615232									18			607993046			569071980																											-6%			0.117			0.110


			07/21  20:00:00			21			21			21			21			21			21			21			21			21			14536024.677686			24059677.6117111			9734210.1717527			135115180.71919			201382927.630103			74816562.1205969			17735276.1745221			33959439.0506431			10741691.5612126									19			522080990			484040687																											-7%			0.101			0.093


			07/21  21:00:00			21			21			21			21			21			21			21			21			21			12940481.1078199			22463344.8954336			8960424.70790663			111883172.014587			184072588.006198			67105881.9204428			14486924.0411453			30077770.8422365			9403494.75082186									20			461394082			423942901																											-8%			0.089			0.082


			07/21  22:00:00			21			21			21			21			21			21			21			21			21			11824736.2446528			21242126.0500647			8368088.97089529			95654416.4174624			170506969.647265			61288729.5912492			12354014.8592352			27469308.7348297			8513888.96579368									21			417222279			380195678																											-9%			0.080			0.073


			07/21  23:00:00			21			21			21			21			21			21			21			21			21			10865289.8131813			20141640.4240121			7852463.36821382			83416743.5475275			158973457.606578			56570860.580636			10795339.8382261			25425455.0400486			7836989.23265782									22			381878239			345193781																											-10%			0.074			0.067


			07/21  24:00:00			21			21			21			21			21			21			21			21			21			10038905.5114027			19159260.0069536			7403120.64587464			74043373.6472796			149188494.697871			52724849.1686248			9622771.43760328			23758631.7046895			7302450.08499657									23			353241857			316825295																											-10%			0.068			0.061


																																																																		avg						-8%			-100%																											2.1						0.0


																																																																		peak						-6%			-100%																								24hr			kWh


																																																																																																			Volume			1080			cubic m


																																																																		Summer			Joules																														Coeff			0.00			?			?


																																																																		SUM			10831384268												Jennifer data


																																																																		MAX			637786525												office/loft			90.7			Kbtu/sq ft			114.4635952637			kWh/cubic m


																																																																																	apt			84.25															kW peak			0.1


																																																																		kWh			3008.7																														Coef			0.000


																																																																		kWh/sq m			2.09												note			1 Kbtu =						0.2931			kWh


																																																																																				1 sq ft =						0.0929			sq m						zone			60			cubic m


																																																																		kW peak			177.2															room height						2.5			m						mult			3			per floor


																																																																		kW peak/sq m			0.123															Kbtu/sq ft =						1.2620021529			kWh/cubic m						floors			6


																																																																																																						1080			cubic m


																																																																		kBtu			10230


																																																																		kBtu/sq ft			0.660


																																																																		kBtu/hr			602


																																																																		RESIZE TO CUBIC M


																																																																		kW peak/cubic m			0.049


																																																																																	Planners energy workbook


																																																																																	resid a/c			10			Btu/sq ft/degree-dy


																																																																		zone			24			sq m												25			degree-day (design day)


																																																																		mult			6			per floor												0.250			KBtu/sq ft


																																																																		floors			10												comm a/c			20			Btu/sq ft/degree-dy


																																																																		height			2.5			m												25			degree-day (design day)


																																																																					1440			sq m												0.500			KBtu/sq ft


																																																																					3600			cubic m


																																																																		energy conversion


																																																																		3600000			J/kWh			11			sq ft/sq m


																																																																		1058824			J/kBtu


																																																																		3.4			kBtu/kWh


																																																																		3.4


																																																																		0.2941176471


																																																																		Home a/c est


																																																																					10			kBtu


																																																																					100			sq ft


																																																																					0.1			kBtu/sq ft
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