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2	ANNEX PROPOSAL OCTOBER 2016

Background Information and Justification
Until recently, most planners of public communities (military garrisons, universities, etc.) addressed energy systems for new facilities on an individual facility basis without consideration of energy sources, renewables, storage, or future energy generation needs. Building retrofits of public buildings typically do not address energy needs beyond the minimum code requirements.
Energy demand reduction using energy performance contracting models typically address mechanical and lighting systems and their controls; and electrical energy savings from these projects range between 20% and 40% from the pre-renovation baseline.
Significant additional energy savings and increased energy security can be realized by considering holistic solutions for the heating and cooling needs of the buildings. The status quo in planning and execution of energy-related projects will not support attainment of current energy goals (EPBD in Europe and 10CFR-433 in the United States) or the minimization of costs for providing energy security. Experience gained from Annex 51 and various demonstration projects using the Net Zero Planner (NZP Tool™) developed by the US Army Engineering Research and Development Center showed that additional work needs to be done with respect to adding new building types, thus improving the database of energy efficiency building models that comply with the current EPBD requirements. There is also a need to add advanced energy supply, distribution, and storage systems for district heating and cooling for the standalone campus or as an integrated part of a nearby city. In addition, there is a need for integrated thermal distribution modeling tools to be incorporated into various planning tools such as NZP ToolTM to make them usable for a broader spectrum of scenarios.
The proposed project will summarize the state-of-the-art technologies and concepts for community-wide energy master planning considering both power and heating/cooling needs. Furthermore, the project intends to advance the integration of various new energy master planning tools and strategies by standardizing data models and developing new software services for meeting current and future energy efficiency (site and source) and energy security goals. It will research and integrate innovative energy supply and energy distribution strategies (including information on their performance and costs), which will culminate in a complete community energy modeling tool.
The proposed project will be built on and or be developed in collaboration with the following IEA EBC Annexes:
Annex 51 with regards to energy master planning concepts and case studies of energy efficient communities, which will provide information for Subtasks B and D.
Annex 60 with regards to next-generation computational tools that allow building and energy grids to be designed and operated as integrated, robust, and performance-based systems.
Annex 61 with regards to optimization of energy use in renovated buildings and business and financial models for building and building cluster renovation, supporting Subtasks A and F.
Annex 63 with regards to its activities related to legal framework of spatial planning for implementation of NZE communities in the public sector;
Annex 67 with regards to interaction between building energy demand and supply, power grids and the availability and self-sustainable use of renewable energies. The modeling approaches set up in this Annex can be of value for Subtask A.
Annex 70 with regards to assessing energy use in real buildings, which will support Subtask A benchmarking activities.
Preparation for this proposal included interaction with the team working on the new proposal for the Annex “Cost-effective Strategies to Combine Energy Efficiency Measures and Renewable Energy Use in Building Renovation at District Level”. Discussion during the preparation meeting in Frankfurt (October 10, 2016), which was attended by Roman Bollinger, resulted in a better understanding of similarities and differences between these projects. It was agreed that, although there is no significant overlap between the proposed projects, both teams can benefit from collaboration in the following areas:
Methodology-guidance for establishing trade-offs between EE and RE measures
Exchange of information on first and installation cost of technologies and description of these technologies
Information exchange for case studies that include residential building types
Energy master planning concepts (primarily described in papers developed by the US Army)
Joint workshop focusing on methodologies and case studies.
Also, this project will be aligned with the current research conducted by IEA DHC Program and will use best practices previously collected by this Program Tasks. The proposed Annex will also be built on previous research in the areas of Innovative District Heating and Cooling Systems with Co- and Tri-generation, Thermal Storage and Renewables (IEA DHC Programme), and Solar Heating and Cooling (IEA SHC Programme) and will contribute to such strategic program areas as:
Implementation of integrated planning and building design and community scale methods and the use of advanced mechanical, lighting and building envelope systems (EBC)
Promoting cost effective solutions for district heating and cooling systems with co-generation and thermal storage as a way to improve energy security of public-owned communities and showcase technologies leading to energy independence and a low carbon society (DHC)
Demonstration of the use of solar energy integrated into district heating and cooling systems and solar-based renovation of the existing building stock (SHC).
This integrative approach will enable public authorities in a decision-making process to take on a holistic approach to community master planning, and specifically, energy master planning meeting different energy goals, i.e., energy security and independence, energy cost and carbon footprint reduction, in a LCC effective way.
This project has been discussed as an umbrella project for the R&D collaboration during the Advanced Training Course “Net Zero Energy, Water, and Waste” supported by the NATO Science for Peace and Security Programme. Program attendees included various European MODs, the US Army, and decision-makers from the European Defence Agency and 20 NATO member and partner countries. The European Defence Agency has reviewed pre-proposal during the Consultation Forum for Sustainable Energy in the Defence and Security Sector, which took place in Dublin in June 2016, and expressed its support for this project pre-proposal. To secure interaction between the civilian and the military sector, it is anticipated that the program will involve at least two countries with civilian projects on university or high-school campuses.
In preparation of the full proposal, two workshops have been conducted (in Washington, DC on September 12, 2016 and in Frankfurt on October 10-11, 2016) with participants representing Denmark, Germany, Italy, Latvia, Sweden, UK and the United States. Also, prospective project co-leaders have conducted separate teleconferences with experts from Norway, Estonia and Australia representing military communities and Universities. Two additional workshops are planned during the next 6 months to complete a formal “Technology Readiness Preliminary Assessment” to finalize the project team and its leadership and to solidify its content.
Scope and objectives
Scope
The Scope of the Annex is the decision-making process and computer-based modeling tools for achieving net zero energy at public owned communities (military garrisons, universities, etc.).
Goal and Objectives
The proposed Annex goal is to develop guidelines and tools that support the planning of Net Zero Energy in Public Communities and that are easy to understand and execute.
The objectives of this Annex are to:
Assess existing case studies and develop representative building energy benchmarks
Develop a database of energy utilization indexes (EUI) of Public, Academic, and Armed Forces building types
Develop Energy Targets: definitions, matrix, monetary values
Summarize, develop and catalog representative building models by building use type, including mixed-use buildings, applicable to national public communities/military garrisons building stocks
Develop Guidance for Net Zero Energy Master Planning
Develop functional description of the role of modeling tools in the Net Zero Energy Master Planning Process
Collect and describe business and financial aspects and legal requirements and constraints for NZE master planning for public communities in participating countries
Provide dissemination and training in participating countries and the end users, mainly decision makers, community planners and energy managers and other market partners in the proceedings and work of the Annex subtasks.
Receptors
The EMP Guidelines and enhancements of modeling tools, best practices and case studies will support different user groups and facilitate communication among them. The target audiences for the project outcomes include participants in the decision-making process, specifically:
Decision makers, planners, building owners, architects, engineers and energy managers of public-owned and operated communities, for example:
o National Armed Forces through their Infrastructure Components, military garrisons,
o University and high school campuses,
o Hospitals and housing, which are responsible for all costs related to new construction, renovation and O&M.
Industry, energy service companies, architects, engineers and financiers supporting public communities
To ensure that the methodology and project results become integrated into the market, it is anticipated that the project steering committees will include European Defence Agency and the NATO Energy Security Center of Excellence, who they will participate on the national level with members representing MODs (Ministry of Defenses) and relevant professional associations, who will in turn engage the target audience in the development of the subtasks’ results.
Means
To accomplish these objectives, participants will carry out research and development in the following six Subtasks (A, B, C, D, E and F):
Subtask A:	Collection and Evaluation of Input Data for Energy Master Plan (EMP).

Subtask B:	Collection of Existing Case Studies and implementation of pilot studies.
Subtask C:	Description of existing and innovative technologies, architecture and select calculation tools for performance of central energy systems (power and thermal).
Subtask D:	Develop Guidance for Net Zero Energy Master Planning.
Subtask E	Develop a functional description of the role of modeling tools in the Net Zero Energy Master Planning Process.
Subtask F	Business, legal and financial aspects of Net Zero Energy Master Planning.
Figure 1 shows the structure of the Annex. 
	Subtask A:	Collection and Evaluation of Input Data for Energy Master Plan (EMP).
	Subtask E: Develop a functional description of the role of modeling tools in the Net Zero Energy Master Planning Process

	Subtask B. Collection of Existing Case Studies and implementation of a pilot study.
	

	Subtask C. Description of existing and innovative technologies, architecture and select calculation tools for performance of central energy systems (power and thermal)
	

	Subtask D: Develop Guidance for Net Zero Energy Master Planning. 
	

	Subtask F: Business, legal and financial aspects of Net Zero Energy Master Planning. 
	

	[bookmark: _Ref465434796]Figure 1. The structure of Annex Subtasks A-F.


Subtask A: Collection and Evaluation of Input Data for Energy Master Plan (EMP)
The focus of Subtask A will be on critical nation-specific input data required for the development of EMP, It will:
Research, summarize, and develop representative building energy benchmarks and energy-related targets: definitions, matrix, monetary values;
Collect and, when necessary develop, catalog and establish a database of representative building models (by building use type, including mixed-use buildings) applicable to national public communities/military garrisons building stocks.
Collect and develop energy efficiency incremental and total costs for building, HVAC, supply, and renewable technologies, etc.
Energy consumption benchmarks for certain building types can be based on existing national databases of energy utilization indexes (EUI) of Public and Private Industry. They need to be complemented by similar data collected from buildings specific to Armed Forces or Academia. The EUIs will be collected from available metering data for buildings, from existing Commercial Buildings Energy Consumption Surveys and from existing standards (ASHRAE Std 100, German VDI 3807, Switzerland SIA 380.1 etc.). EUIs are a necessary requirement for efficient energy management and for establishing national or agency specific energy targets.
Figure 2 shows an example of energy targets (from the ASHRAE Standard 100) developed based on the Commercial Buildings Energy Consumption Survey of 2003.
Figure 3 shows how collecting of similar data for military buildings can result in agency-specific energy targets.
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[bookmark: _Ref465434826]Figure 2. Example of energy targets (EUI) based on building activities and climate (Reproduced from the ASHRAE Standard 100).
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[bookmark: _Ref465434843]Figure 3. Example of Site Energy Targets for Military-specific Buildings (Developed for the US Army).
Besides site or primary energy targets, other energy targets are important for a holistic energy master planning process, especially for communities with mission critical facilities, for example:
Energy Efficiency
Energy Security
Energy Independence
Energy Resilience
Reliability of Energy Systems.
Many energy systems parameters listed above do not have specific definitions, matrices, or monetary values, all of which are important to meaningfully compare different alternatives.
There is often confusion between site and source energy in the definition of energy goals and net-zero energy community; this difference defines technical approaches used to achieve these goals.
In Community site energy reduction, the emphasis is on energy efficiency of systems located inside community boundaries; thermal or electrical energy supplied to the community are treated equally i.e., there is no consideration of inefficiency of electricity generation or distribution losses in thermal and power networks. This may consequently result in preferences to electrical heating, electrical cooling, or ground-coupled heat pumps. Such an approach will result in an increase in fossil fuel usage and GHG emission.
Source energy or fossil fuel-based energy is a minimization parameter; the energy efficiency of the community systems may become of lesser importance. Communities connected to hydropower stations or to nuclear reactors will become fossil fuel neutral without any effort given to improvement of community energy systems. When electricity provided to the community is primarily based on fossil fuel, net-zero fossil fuel goal becomes a challenge and requires improvements to community energy system efficiency along with reduced energy waste with power generation and distribution systems.
Energy security concept is often comprised of three components (surety, sufficiency and survivability, where surety is related to preventing loss of access to power and fuel sources, sufficiency to provide adequate power for critical missions, and survivability to ensure resilience in energy systems. This results in the following requirements for on-site generation and distribution systems:
Uninterruptable power to mission critical facilities, i.e., heat to prevent freezing the buildings (leaving quarters), steam to provide sterilization and operation needs for critical processes, and cooling energy supply to food storage, data centers, and other mission critical facilities,
Smart power and thermal grids + micro-grids.
The term “energy efficiency” typically describes the percentage of total energy input to a process that is consumed in useful work and not wasted as useless heat. Analysis of energy flows and balances is a useful tool to identify energy waste and inefficiencies, which are potential areas of energy conservation (Figure 4, Annex 46).
[image: ]
[bookmark: _Ref465434860]Figure 4. Schematic of the campus-wide energy flows (wastes and inefficiencies).
Energy Independence relates to the goal of reducing imports of oil, natural gas, and other foreign sources of energy. The proposed matrix tracks/measures the percentage of net energy imports against the total nationwide fossil-fuel-based energy consumption.
Energy resiliency is defined as the ability to provide and maintain an acceptable level of service in the face of various faults and challenges to normal operation (Wikipedia). Per Benjamin Sovacool (2011), resilience relates to “adaptive capacity” or the “ability for communities to respond to natural disasters” by maintaining:
Capacity margins
Reserve margins
Peak load to base load ratios
Generator profiles summer/winter
Emergency stockpiles for oil (days meet demand)
Emergency stockpiles for coal (days meet demand)
Emergency stockpiles for natural gas (days meet demand)
Availability of trained repair personnel
Availability of spare parts and supplies
Generation adequacy
System adequacy.
Special building energy models. Energy master planning process requires analysis of different scenarios, which include new construction to different levels of energy efficiency, major renovation of all or some buildings comprising building stock under consideration with Deep Energy Retrofit of these buildings, minor renovations with energy-related scope of work, or demolition of some old buildings. Such analysis requires building energy modeling. Numerous individual building computer-based energy models are currently available for general use buildings. Several energy models have been developed by the US Army ERDC to predict energy use in US Army specific buildings (e.g., barracks, brigade and battalion HQs, dining facilities, technical equipment maintenance facilities, etc.) and adapted to different climate conditions and energy use requirements (e.g., pre-1980, ASHRAE Std 90.1-2005, 2007, 2010, 2013 requirements or 30% better than these requirements). E.g., ERDC  NZP ToolTM currently accommodates 34 prototype building models representing common facility types. The prototype models include 14 Army-specific building types, 16 commercial building types, and four residential building types. The commercial models are derived from the US DOE Commercial Reference Buildings developed by NREL and PNNL. Some of the Army models were derived from models developed by NREL and subsequently modified. The remainder of the models were developed specifically for the NZP ToolTM.
To be used for community planning, all prototype models shall be fully parametrized for common modeling inputs. Available parameters include:
Wall details (assembly type, cavity and continuous insulation R-values)
Roof details (assembly type, cavity and continuous insulation R-values)
Slab/basement details (horizontal/vertical insulation widths/depths and R-values)
Window details (U-value, SHGC)
Infiltration (air leakage rate, air leakage schedule, use of vestibules)
Occupancy (people densities and schedules by space type)
Lighting (lighting power densities and schedules by space type)
Equipment (equipment power densities and schedules by space type)
Domestic hot water (flow rates, temperatures, schedules)
Zone HVAC (unit type – ATU, FCU, PTAC, PTHP, Win AC, WSHP, VRF, UH, radiant)
Zone HVAC operation (thermostat setpoints, setback/setup schedule, outdoor air)
Zone HVAC performance (fan/heat/cool efficiencies)
Central HVAC (system type – VAV, CAV, DOAS, HW, CHW, VRF, dual duct)
Central HVAC operation (schedule, outdoor air, supply setpoints, controls)
Central HVAC performance (fan/pump efficiencies, heating/cooling COPs)
And more.
These prototype models shall also include “baked-in” energy-efficiency measures. In addition to the efficiency measures that can be applied by changing a single parameter (e.g., lighting power density, fan efficiency, or chiller COP), there are parameters that act as “switches” to make larger changes to the model to simulate measures such as fan/pump type (constant vs. variable speed), boiler type (non-condensing vs. condensing), condenser type (air-cooled vs. water-cooled), daylighting controls, and even different HVAC system types.
Tools supporting EMP can be easily extended to add new prototype models, or to modify existing models, to address nation-specific building types, energy codes, and other requirements. Major requirements to individual building models required for the master planning are that:
The model should have a standard model input similar to EnergyPlus models.
Embedded energy efficiency measures need to have not only technical characteristics but also incremental and total cost data.
Building energy models shall be able to address both heating and cooling needs in addition to power supply.
Subtask A deliverables related to building energy modeling. 
1.To participate in this project each national team has to collect and/develop building energy models that can adequately represent their national/agency building stock, that include energy systems specific to their representative climate conditions, and that have representative operation schedules.
2.Subtask A will develop a catalogue and a database of representative building models by building use type that are applicable to national public communities/military garrisons building stocks. These models need to be generic, but adjustable to include major EEMs that should be applicable for multiple climate zones and that should cover past and current building typology and construction practices. 3.Subtask A team will also develop a common approach to calibration of building models to existing energy use data available from metering and sub metering.
Subtask B: Collection of Existing Case Studies and Implementation of Pilot Studies
Subtask B will collect examples of successful master plans that have been adapted for implementation and partially implemented.  Also, it will document pilot energy master plans that will be developed to demonstrate tools and Guidelines resulted from the Annex research. Since EMP is a part of the long term community planning, it is not expected that any case-study or a pilot project will demonstrate a complete or even a major realization of EMP. Subtask B will build on results of the Annex 51, on case studies developed by the US Army ERDC team developed using the NZP tool published by ASHRAE, or on case studies included into the ESTCP demonstration program report (see Section 11 for references) or the US Army report (2013), on examples of advanced energy systems collected for the District/Central Solar Hot Water Systems Design Guide [ASHRAE 2013], or on best practices from Ramboll, Danfos, and other industry partners. 
Subtask B outcome.  Lessons- learned derived from the analysis of Case Studies will be used to develop Guidance for Net Zero Energy Master Planning (Subtask D) and  contribute to development of “Business, Legal and Financial Aspects of Net Zero Energy Master Planning (Subtask F).
Subtask C: Description of Existing and Innovative Technologies, Architecture and Select Calculation Tools for Performance of Central Energy Systems (Power and Thermal)
The selection between decentralized heating and/or cooling energy supply option for individual buildings, central options for the whole community, neighborhood or a building cluster with central energy plant and an energy distribution network (or a mix of both) depends on the local energy demand densities, existing network, building systems configuration, etc. The feasibility of such options depends on local circumstances; different scenarios must be evaluated. Among the major factors influencing selection of such scenarios are:
The scenario under consideration that will help with achieving energy goals (primary energy, fossil fuel reduction, energy security, resiliency, reliability, etc.).
The cost effectiveness of centralized and decentralized options based on the LCC analysis accounting for energy prices, and the investments to be made into distribution networks, maintenance, and replacement costs. To facilitate and optimize the future planning and construction or retrofitting of public buildings (e.g., military garrisons, universities etc.), holistic and cost-effective approaches should be considered.
One of the key misunderstandings when it comes to district energy is that it is a more investment expensive solution than its alternatives. This is not necessarily the case as multiple decentralized heating/cooling units will also result a high collective investments especially when redundancy and energy security are important factors. The main issue is that in the case of district energy systems the investments are to a large extent upfront investments as it is necessary to establish the energy plant and the distribution system prior to any energy being transferred to or from the plant to the consumers. Connecting interfaces and substations are only bought and installed as buildings are connected to the grid.
Information on the investments required for establishing a district heating distribution system has been analyzed in Sweden by considering the heat density of the area (see http://dhc12.ttu.ee/presentations/5-5.pdf) and the cost of laying down pipes has been evaluated, which gives good indication of the cost of laying down the service pipes, (see [http://dhc12.ttu.ee/presentations/5-5.pdf, http://www.svenskfjarrvarme.se/Global/Rapporter%20och%20dokument%20INTE%20Fj%C3%A4rrsyn/Ovriga_rapporter/Distribution/Kulvertkostnadskatalog_2007-1.pdf.) The cost of consumer interfaces (substations) is dependent on the required capacity and required functionality of the substation. The investments required for establishing various heat plants have been analyzed in Denmark, see (http://www.energinet.dk/SiteCollectionDocuments/Danske%20dokumenter/Forskning/Technology_data_for_energy_plants.pdf).
Based on modeling results for buildings in the area under consideration, heating, cooling, and power load profiles can be derived for individual buildings and for a building cluster, which will account for the diversification factor. This information will be critical for the selection of generation equipment types and sizes and for the architecture to meet these loads in different scenarios to allow for cost optimization and environmental friendliness of the scenario. Final selection of scenarios can be made based on meeting all or the most important energy goals
Technologies to be selected from can include traditional solution (high efficient boilers, chillers, power generation turbines), the state-of-the-art technologies (e.g., efficient heat pumps, combined cooling, heat and power (CCHP) with ad-/absorption cooling systems, power-to-heat, electrical and thermal storage systems, usage of waste heat, regenerative technologies) or a combination of those. Existing fossil fuel-based technologies for central plants can be combined with technologies using energy from renewable sources integrated with external grids or community level thermal and power storage. Throughout the energy planning horizon, fossil fuel-based technologies can be phased out (Figure 5).
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[bookmark: _Ref465434877]Figure 5. Illustration of district systems development.
Many European researchers and practitioners are currently working on the concept of the coherent 4th Generation of District Technologies and Systems in which synergy is created between the development of grids and components, building installations, district heating/cooling production and system integration, as well as planning and implementation. Figure 6 provides a conceptual illustration of such a system.
[image: ]
[bookmark: _Ref465434888]Figure 6. Danish Concept of the 4th Generation of the District System (Provided by Ramboll)
The UNEP-SE4ALL report compared a district heating system supplied by: waste incineration, CHP plant, and local peak load boilers to decentralized heating solutions using gas boilers, heat pumps, and electrical heaters (Figure 7)
[image: ]
[bookmark: _Ref465434895]Figure 7. Levelized costs of district heating and cooling compared to decentralized production
The Ecopolis study shows that the cost of district heating based on non-fossil fuel can be lower than the cost of decentralized heat pumps. It is also clear from both the Ecopolis study and the UNEP-SE4ALL report that district heating is economically beneficial compared to decentralized solutions. These results of both cost analyses are very promising for the realization of non-fossil energy systems.
Subtask C deliverables.
1.With consideration of energy goals (Subtask A), location specific boundary conditions and community level thermal and power loads, Subtask C team will develop a tool that is capable of estimating the overall costs of a district system over time and that does not require detailed thermal and hydraulic analysis or optimization of the piping system. This tool will be compatible with and will complement existing Energy Master Planning tools.
2.Subtask team will also collect information for the technology database of important components (technical characteristics, useful life, first and operation costs) to be included into community-wide computer models. Thermal energy systems will be correlated with potable and non-potable water strategies. Case studies demonstrating different energy generation scenarios will be documented to support their selection for modeling and analysis. The IEA DHC Program Operating Agent  Andrej Jentsch attended the second preparation workshop and expressed his interest in collaboration with the Subtask C effort in the several areas including sharing case studies, technical and business data on central systems and their elements, calculation tools and modeling results from Annexes X and XI.
Subtask D: Develop Guidance for Net Zero Energy Master Planning
Subtask D will establish the concept and a methodology of Energy Master Planning process as a part of Community Planning. It will describe the input data required to conduct EMPs and their sources; will outline the EMP process and its algorithm; and will provide a description of its phases, e.g., benchmarking, baselining, scenarios to be considered, their analysis, comparison, and selection principles. The subtask will also include dissemination and training needed for EMP.
Energy -related goals and other “core values” that will be established in Subtask A will provide a framework for the Energy Master Plan for the community with agreed boundaries. Figure 8 shows the major steps in the EMP process, which is described in the IEA Annex 51 Report and in “Energy Master Planning Towards Net-Zero Energy Communities/Campuses” (Zhivov et al. 2015).
Transition to a Low Energy or Net Zero Energy Installation requires a disciplined planning and implementation process, which includes the definitions of goals and objectives, the identification of system boundaries, and the creation of a road map for implementation.
The scope of the energy minimization effort can include residential, commercial, and public buildings; community-based infrastructure; industrial energy users; community-owned and transit transportation; agriculture and other energy-consuming users; or any combination of those. A community can have fixed boundaries defined either by physical limitations (e.g., an island-based community) or political or administrative boundaries. For example, a military installation or university campus may be a contiguous area, or may be comprised of separate areas. Such community boundaries define its real estate, but may also suggest the possibility for interface with other communities via electrical or thermal (district heating/cooling) networks. An analysis of community boundaries may also reveal how communities can best meet their energy needs (e.g., by purchasing power, hot water, steam, chilled water, or other utilities from networks, and/or by capturing waste heat from processes). The same analysis can determine the feasibility of exporting power, heat, and cooling energy from cogeneration to other buildings within the community.
After defining the community energy goals, it is important to connect these goals to the existing community’s “core values” and energy-related constraints, which may include:
Enhancing energy security
Requirements to energy systems’ reliability
Power peak reduction
Gas supply limitations
Environmental limitations (carbon footprint), etc.
Energy projects economics, etc.
In addition to GIS data on facilities, additional information is needed. This includes existing facilities, planned facilities, and those planned for demolition. Usually area development plans contain these data. Community energy managers usually are able to provide utility data (including rate schedules), annual to monthly consumption, and metered data at the building level, if possible. Existing infrastructure information such as composition and capacity of central plants, location and size of heating and cooling loops, and configuration of the electrical grid (capacity of large transformers and limitations on power delivery from the grid) is required as well. These data allow establishment of a Baseline that consists of existing buildings and those marked for demolition. The Baseline is typically used as a starting point for an analysis of the progress with energy use reduction that result from different scenarios.
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[bookmark: _Ref465434236]Figure 8. Process to Identify Energy Efficient Solutions for Building Clusters and Neighborhoods (based on Zhivov et al. 2015).
The next step is to establish the Base Case (future energy consumption), which consists of existing and planned buildings, with no buildings marked for demolition. The Base Case represents an “already planned for and budgeted” scenario that can be used for economic analysis. Other alternative scenarios begin with the Base Case and represent other possible futures.
Building and community level energy modeling is required to establish energy use with the Baseline, Base Case and Alternative scenarios and associated life-cycle costs associated with these scenarios.
When selecting alternatives and building renovation strategies, there is a debate over whether to conserve energy first or to simply generate energy with renewable alternatives. Figure 9 (Zhivov et al. 2015) shows several theoretical paths that a designer or master energy planner can choose and the process for each individual building and building cluster optimization. Point 1 represents the base case building, which is either an existing building or a new building that must be built to local code requirements with a given total annual cost (the annual mortgage or financed first cost plus the annual energy operating costs). If renewables are added at this point, the total annual cost of the net-zero energy building will be as shown in Point 7, using a constant cost for a unit of photovoltaic system ($/sq ft [$/m2] of a photovoltaic [PV] panels or $/Btu [$/kWh] electricity produced). Point 8, which is created by adding expensive renewable technologies without reducing buildings demands first, has the largest annual cost. Another alternative from Point 1 is to add energy efficiency technologies at the building level, which will require investing in these technologies (additional first cost). With this alternative, you eventually reach Point 2 with the lowest total annual cost. Typically you would not add renewables at Point 2 since adding many conventional energy efficiency technologies at this point may be more cost effective than adding renewable generation. When Point 3 is reached, you have achieved the same total annual cost as your existing building or a base case building built to code (Point1), but at Point 3, the building is now much more energy efficient and often much more comfortable. As one continues to add energy efficiency improvements, the building will eventually reach Point 4, where adding more EEMs will either result in diminishing returns, or will cost more than adding renewable generation.
[image: ]
[bookmark: _Ref465434925]Figure 9. Building level fossil fuel reduction optimization process.
For an individual building analysis, this building at Point 4 would be Net-Zero Ready. For different types of buildings and climate locations, fossil fuel-based energy reduction will vary (Church and Webster 2011). In buildings with low internal energy loads, reduction of fossil fuel can be significant (50% to 75%), but in buildings with high internal loads, lesser reductions (20% to 30%) may be achieved. This is true even for buildings built or retrofitted to passive house requirements and that use advanced low exergy systems to satisfy remaining heating and cooling needs. The remaining energy requirements will be dominated by electrical power needs for lighting, appliances, and internal processes and by domestic hot water needs e.g., for showers. Adding renewables from Point 4 will result in the total annual cost shown by Point 7. The process from Point 4 to 7 is approximately at the same slope, or cost, as the process from Point 1 to 7, but it is shown to be more cost effective to purchase less expensive renewable energy technology for a building with reduced energy demands.
Alternatively, the building characterized by Point 4 can be connected to a cogeneration plant serving either this individual building or a cluster of buildings. This will require a smaller investment compared to the cost of decentralized boilers and chillers for single buildings and the cost of larger renewable generation equipment [IEA 2011], but will result in a significant fossil fuel reduction due to use of waste heat in combination with the generation of electricity. This heat can be used either to satisfy the heating, cooling, and domestic hot water needs of the building cluster, or it may be exported to another building cluster. The use of cogeneration for individual buildings and building clusters affects the optimal location of Point 4 for each individual building. When the subject of interest is a single building, the waste heat produced by cogeneration process can only be used for heating, cooling, and domestic hot water needs of this building. The amount of waste heat generated will determine the optimal level of the building insulation and its loads. Typically, the level of insulation used in new construction and retrofit project results in small heating and cooling loads and the waste heat from cogeneration process will compete with the heat that can be generated using solar thermal systems. When the boundaries of the analysis go beyond a single building, the waste heat can be used for the building clusters under consideration, and the decision on the level of building insulation must be made based on a mix of buildings (new and old) and on other potential uses of waste heat.
The analysis of results for different scenarios will provide decision makers with the information to determine if any of these scenarios allow some or all of the community energy goals to be met, and if so, to determine which of these are cost effective.
After a decision has been made on a preferred alternative, an implementation strategy is important. As soon as the long-term goals are set and a road map is established, one can apply backcasting and forecasting to define the process leading toward meeting these goals. Backcasting answers the fundamental question: “If we want to attain a certain goal, what actions must be taken to get there?” Using backcasting, concrete actions in the short term can be formulated from the long-term goals. For example, a goal of an energy neutral built environment in 2050 could be supported by requiring that all new houses built after 2015 (for instance) be energy neutral. Forecasting refers to planning projects to meet milestones defined through the backcasting process: setting project requirements, and optimizing and designing projects and sets of projects in a holistic way that is geared to meeting each milestone. The feasibility of the projects can be learned from the best practices and the frontrunners.
In today’s resource constrained environment, public communities (including those of Ministries of Defence and Universities) are looking for creative ways to drive additional efficiencies in energy use and reduce associated costs. Large coordinated efforts are needed to gain synergy between different energy initiatives and future planned projects to maximize energy use and cost reduction. For example, in the memorandum dated March 31, 2016, US DOD requires that all installations update their Master Plans with the Installation-level Energy Plans to become an integral part of this effort within 3 years for installations that together compose 75% of energy consumption. It is anticipated that this collaborative effort between different services will further formalize and streamline the EMP process.
Subtask D deliverables. The effort of the Subtask D will result in a formalized Guidance for Net Zero Energy Master Planning that can be adapted to specific of participating countries and public agencies.
Subtask E: Develop Functional Description of the Role of Modeling Tools in the Net Zero Energy Master Planning Process
Several computer models are available for community-wide energy analysis. For example, to support high level decision making in urban energy policy matters, “MARKAL” (MARKet Allocation) tools and models consider the overall energy system at a macroscopic level (Seebregts et al. 2000; Zonooz et al. 2009), although they do not provide possibilities for building demand reduction or detailed renewable energy system simulations.
To calculate the energy demand of an entire district or city, it is necessary to have the required geometrical information and data pertaining to the building properties and user behavior in the buildings within the area of interest (Mavrogianni et al. 2009), (Metral et al. 2009). Data formats such as CityGML (Open Geospatial Consortium 2008) are good examples of the modeling of urban space with information about objects, their interrelationships, and their attributes, which can also be linked from other information systems. For energy demand calculations, especially attributes such as building type, heat transfer coefficient, or year of construction are important input parameters for the simulation. Once the demand profiles are established, supply system performance has to be simulated, including storage options and (network based) distribution systems.
Principles of strategic planning include taking a long term perspective, considering the needs of a range of stakeholders and working towards energy and greenhouse gas targets and economic development. This process is referred to in this subsection as ‘Urban Energy Planning’ (UEP; see also Section 5). It includes establishing GHG emissions and energy targets, creating long-term energy plans, developing a municipal energy policy, and enacting by-laws. UEP processes for whole cities or towns typically require information on energy consumption, carbon emissions, and energy costs on a community-wide scale and on an annual basis. It is common for long-range planning activities to look out over planning horizons of 25 years or more. UEP activities have generally been guided by community energy and emissions inventories, often further enabled by computational methods. Geographical Information System (GIS) supported spatial analysis techniques are increasingly seen as opportunities to support urban infrastructure (and energy) planning since mapping is traditionally used by land use planners. The result of this activity is an urban Energy Master Plan (EMP).
In contrast to a UEP, Local Energy Planning (LEP) occurs at the neighborhood scales: operational planning implements the EMP or parts of it at this scale. Focusing on well-defined energy demand and supply tasks allows for a reduction of complexity compared to the holistic consideration of the whole city. LEP considers the impact of a development or refurbishment project on the specific area and provides detailed technical specifications for planning alternatives. It is thus the field of energy planners rather than system analysts. A number of computer-based tools that specifically address LEP activities have been evaluated and are broadly in use.
Figure 8 shows the different tasks that are connected with LEP and must be carried out by an energy planner. While these different subtasks offer a wide field to apply computer-based tools, in most cases self-developed on a spread sheet basis, a number of energy planning tools, with or without simulation capabilities, are currently available to subject matter experts. In the following, a (by far not complete) list of such tools is briefly described, with reference sources. The aim is to provide readers with an overview of exemplary energy planning tools and their purposes that can be of interest for their own planning tasks.
Fraunhofer Institute for Building Physics IBP has developed computer software to support actors in the field of local energy planning during the pre-planning phase of neighborhood energy concepts. The core of this software is a tool using building archetypes and pre-set configurations of energy characteristics to allow for a simple data input. A sub-task of this tool is to identify energy saving potentials of buildings, and to characterize local building-embedded or centralized energy supply systems.
While most of existing energy planning tools have in common a requirement for a relatively complicated data input procedure when entering parameters or further relevant information, the D-ECA tool is intended to support urban planners, housing societies, and developers to achieve plausible annual energy balances for the neighborhood under consideration with relatively small efforts. The resulting ‘neighborhood model’ can be used by local decision makers in the very early district or neighborhood energy planning phase to analyze different opportunities and strategies in terms of the resulting energy and GHG balances.
The tool should be easy to apply and should not require the user to enter too many details when entering building information data; yet it should produce a reliable potential assessment of different measures relating to the considered buildings and their energy supply. D-ECA is not intended to design individual technologies in detail, which is relevant only in a later planning phase. It allows for a quick comparative evaluation of diverse options pertaining to building energy performance and to centralized and decentralized energy supply.
The main advantage of the energy assessment tool is that the user interface provides a large number of default values, starting with the different building archetypes (single-family houses, multi-family houses, offices, school buildings, shops, etc.), the pre-configured quality of the building envelope dependent on the building age and a choice of building service systems. In many cases, the default values can be adapted by the user to the real situation (in case it is known), but it is not necessary to have a detailed knowledge about each building before the start of the calculation.
Among the most advanced EMP tools are a 3D city model with CityGML and the NZP Tool.
The OGC Standard CityGML (Groeger et al. 2012) has been chosen for the modeling of 3D building data in an integrated software framework named SimStadt. CityGML is an open, multifunctional model that can be used for geospatial transactions, data storage, and database modeling. It provides a basis for 3D geospatial visualization; and for analysis, simulation, and exploration tools. Thus, it offers the possibilities for numerous and varied spatial analyses such as noise mapping, urban wind flow studies, photovoltaic potential, district network connections and extensions, heating demand calculations, simulation of refurbishment scenarios, and the integration of new buildings into an urban surrounding.
A considerable advantage of CityGML in comparison to other 3D city model formats is its spatio-semantic model, which specifies object modeling in different levels of detail. Due to this, it is an excellent database for heating demand analysis of existing building stocks, since the level of building parameter availability can be reflected in the Levels of Detail of CityGML (see Figure 10).
The simplest geometric representation of a building for a heating demand evaluation consists of a simple rectangular block. This block model consists of the “Level of Detail 1” (LoD1) of CityGML. The Level of Detail 2 (LoD2) adds the roof form and other geometry features; Level of Detail 3 (LoD3) adds the positioning of windows; and Level of Detail 4 (LoD4) incorporates the modeling of the indoor space.
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[bookmark: _Ref465434976]Figure 10. The four Levels of Detail of CityGML (Groeger et al. [2012], Source: Karlsruhe Institute of Technology (KIT))
3D city models can be generated either by stereo air photo, digital cadaster combined with building information (height, roof type) or laser scanning. In particular, the latter technique allows for an automatic generation of a CityGML model of whole cities in a short time. Since 2013, the complete building stock of Germany is being modeled with CityGML – LoD1. Some regions like Saxony or Baden Württemberg have already completed their 3D city model with LoD2 (Baltrusch et al. 2011).
For the analysis of the CityGML-based 3D city model, the Simstadt platform has been developed at the Hochschule für Technik Stuttgart, extracting relevant information like volumes, envelope surfaces and orientation, adjacent walls and buildings, etc., and automating the complete workflow for heat demand simulation. Furthermore, given the diverse qualities of the 3D city models, the healing module “CityDoctor” has been integrated into the process, which allows for the control and enhancement of the geometrical quality of the 3D model by closing polygons and volumes or separating buildings with common adjacent walls (Coors et al. 2011).
The US Army Engineer Research and Development Center (ERDC) has developed an EMP concept [Zhivov et al. 2014] and an automated NZP Tool (NZP Tool) [Case et al. 2014] to support US Department of Defense (DOD) energy policy. The energy concept minimizes energy use at the building level, improves the efficiency of energy generation and distribution, and uses energy from renewable sources to balance fossil fuel-based energy to achieve a net zero fossil fuel energy status. Energy goals will be achieved through synergy among energy use reduction in building-related systems, energy supply, and distribution systems. NZP Tool incorporates the concept and various automated tools to integrate optimization across buildings, distribution, and generation systems.
NZI-Opt sets up a superstructure of many possible devices. This, along with information about existing distribution and storage networks and mixed-integer linear programming, is used to select the optimal set of devices and control schedule to include in the system to meet a given set of loads. The common elements of most of these optimization approaches are that they require a specified electrical and thermal load (typically hourly data for a year), fuel and electricity rates, a set of devices to consider, and information about distribution and storage networks.
The NZP Tool is a web-based tool that uses a commercial web browser plug-in (Silverlight) to provide a near desktop experience in the user interface when connected to the NZP Tool core, which acts as a web-based application server. Many of the essential computation tasks are provided as internet web services, which supply flexibility in scaling the service or in changing to new service providers. A web service is an application that is accessible via the internet and can respond to requests for tasks or data following a specified protocol. The use of web services makes the framework robust and modular, allowing services to be upgraded without interruption to the system, so long as new versions adhere to the service protocol.
The NZP Tool process flow and data structures are maintained in the NZP Tool core, and are implemented as a web application server and associated database. The principal function of the core is to organize the data, perform simple calculations, provide reporting functions, and control user access. Installation data is organized into Studies and child Alternatives, with the baseline and base case being special forms of an alternative. Framing goals are set up in the core, linked to decision criteria and quantitative data used to compare alternatives. Geographical Information System Service (GIS) data is linked with the back-end data, keeping track of which facilities belong to which building groups. The core also serves as a repository for all installation data used in a particular study, allowing field notes and images to be linked to particular facilities or systems. The intent of the framework is that the core is a module like any other, allowing other user interfaces and control logic to be developed in the future. Many energy-related calculations require geospatial information (Figure 11), so a GIS service is useful for mapping and displaying the location and footprint of buildings. This service, implemented using ESRI ArcGIS Server, provides data storage and organizing capability for building and energy networks.
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[bookmark: _Ref465434997]Figure 11. Selected geographic scope of the analyzed installation
Input data quality, global availability, and certainty of city models are crucial issues because mostly specific (non-standardized) data structures are defined locally and because information is collected on-site.
This subtask will collect information on existing modeling tools appropriate for community-wide energy planning and will identify how each tool fits into the overall process. For each tool the following information will be described: the inputs, analysis steps, outputs, and level of detail required for each step execution. It will result in a standard input, output, and functionality description suitable to enable identified modeling tools to provide analysis as a service (e.g., web service) for the Net Zero Energy/Water Master Planning process. Also, the task will identify gaps and needed steps to enhance existing master planning computer tools and will develop one or more prototypes to demonstrate feasibility of modeling tool(s) to provide analysis for the NZ energy and water master planning. For this project, the focus will be on integration of a district thermal distribution module, LCC cost calculation module, and project planning module with the NZP Tool.
Subtask E deliverables. Subtask E will result in a standardized input/output modules and calculating components that can be used in combination with, enhance and adapt existing community planning tools to specifics of participating nations. Subtasks A, C and F will provide inputs to Subtask E
Subtask F: Business, Legal and Financial Aspects of Net Zero Energy Master Planning
The implementation of the low energy or NZE community has to consider two major limitations: on the one hand, spatial planning requirements and regulation set boundaries for increasing floor space, exclude certain fuels in certain areas, etc. The redesign of an existing neighborhood also needs to consider societal factors and methodologies to increase the awareness, acceptance, and understanding of the NZE modeling and design process. A successful implementation scheme needs to consider these factors already in the modeling phase as they might have a strong impact on the investment costs and the time line. An overall demand such as the “affordable” office or living space has to be strongly considered.
The implementation of NZE communities also requires financing and business models. In the civilian and public sector, general project developers often play the role of intermediates between a public body and single or multiple end customers, who can be public entities such as universities, commercial or private end consumers. The developer´s scope of responsibilities may include planning, design, and pre-financing of the refurbishment plan, infrastructural measures like the refurbishment or first installation of district heating grids, and collection of revenue from future end consumers. The financial instrument used is often the prospect financing in which the developer sets up a prospect on which the project is promoted and which is the basis for the refinancing by financial institutions, investors etc. In many cases, however, these project developers are not familiar with the specific requirements of planning, designing, and implementing NZE communities.
The Subtask F objective is to assess the needed functionalities that are necessary to develop, promote, and implement the NZE in public sector, in addition the revenue streams and incentives need to be screened and allocated. In comparison to “normal” neighborhoods and caserns, the specific requirements and needs of a NZE project are much more sophisticated. NZE require a more ambitious understanding of the operation of energy supply and energy demand side, which then needs to be depicted in a specific NZE utility business model scheme, i.e.:
The implementation of sustainable used renewables on site requires specific knowledge of how to operate and account for the energy balance in and off the grids, including storage and usage of RE generated power in mobility and other value-added ways that maximize revenues for the NZE community.
The implementation of high efficient buildings with low demands combined with district heating needs a detailed design and operation plan to minimize losses, and to optimize operation hours of supply units such as CHP, biomass etc.
Buildings have to be modeled and operated as energy hubs that create demands for operational skills far beyond the normal utility business.
The accounting of all financial revenues and expenditures generated by and in the NZE community needs to be conducted under the premise of optimization of the revenues. Also, specific operational skills are needed.
The Subtask F team will prepare at least one structured example for each participating country of a financial and business models for public community pertaining to the issues described above. Developed business schemes will be performance based addressing and will address bankable benefits beyond the BAU approach (energy savings). Financial models will be designed in a way that minimizes the impact on the balance sheet of the public bodies (university, MODs etc.).
The Subtask F team will collect and describe legal requirements for RMP in participating countries to determine the regulatory framework that must be considered in the redesign of existing quarters with regard to spatial planning, energy requirements, etc.
The Analysis of financing models will focus on the single-ownership communities (MoD, Federal estates, universities) and the typical funding sources used in the participating countries such as public, public-private, and private funding sources; bank loans, closed and open funds; or more specific approaches such as PACE, or utility bill payments (which are used in the United States).
Subtask F deliverables. Subtask F will develop Business and Financial Guidance which will account for legal and fiscal constraints of participating countries.
Annex Management
Subtask Operating Agents
The Annex is operated by two co-Operating Agents. To reduce risks and improve the quality of deliverables, each of Subtasks A, B, C, D, E and F will be co-managed by two co-Leaders.
Subtask Co-Leaders
The co-Leaders of Subtasks A, B, C, D, E and F will be responsible for the quality and the management of the work to be performed under their Subtasks. They will:
1. Coordinate the work performed under the Subtask
1. Assist the Operating Agent in preparing the detailed program of work (including the budget)
1. Assist in the co-ordination of the Annex and advise the Operating Agent on the performance of the Annex
1. Provide semi-annual status reports on progress and results to the Operating Agent and other participants
1. Convene and lead Subtask meetings, as required
1. Prepare, edit, and organize the publication of technical reports resulting from the Subtask.
Results
All Subtasks will provide material for the final Annex product, which will include, but will not be limited to:
A “Guide for NZE planning in public and military building communities”
Enhanced Net Zero Planner Tool (NZP Tool)
A Book of Case Studies (Examples of Energy Master Plans)
Results of several realized or partially realized projects.
To ensure that barriers to adoption of the results will be overcome and the results will be of lasting value the following steps are carried out:
Information dissemination concept: The dissemination of the project results will focus on decision makers, community planners and energy managers, energy performance companies (EPC/ESCO), and industry partners, who will be actively involved in development of the Annex results.
Methods of information dissemination will include public presentations, articles, and a project website. Publications may be written in English or in the languages of the participants’ countries. Workshops will be organized in participating countries to showcase the latest project results and to provide an exchange platform for the target audience (notably decision makers, community planners, energy managers, designers, and ESCOs).
Materials: Workshop materials will be published on the website. The number of downloads from the project website will be counted to measure the success of the developed toolkit and guidelines.
Training partners for buildings owners: The lasting value of the results will also be provided by local support capacities. Decision makers will be in need for local support in the preparation of the implementation of the new business models. To ensure that authentic information is allocable, training seminars will be provided for existing local networks of energy consultants, designers, and architects.
Time Schedule
This Annex will start with the preparation phase on July 1, 2017 and will enter into force on July 1, 2018, and will continue for a period of 3 (3.5) years followed by 1 year of reporting phase.
Specific Obligations and Responsibilities of the Participants
In addition to the obligations previously enumerated, each Participant shall:
1. Provide the Operating Agent with detailed reports on the results of the work carried out for each Subtask
2. Collect, assess, and report to the Operating Agent data on the state of the art of retrofitting Government buildings in his/her country that is related to his/her activity
3. Participate in the editing and reviewing of draft reports of the Annex and Subtasks.
Specific Obligations and Responsibilities of the Operating Agent
The Operating Agent is responsible for the overall performance, time schedule, reporting, knowledge transfer, etc., of this Annex. In addition, the Operating Agent shall:
1. Prepare the detailed Program of Work for the Annex in consultation with the Subtask Leaders and the Participants, and submit the Program of Work and time schedule for approval to the Executive Committee.
Be responsible for the overall management of the Annex, including overall co-ordination, liaison between the Subtasks, and communications with the Executive Committee.
Chair each of the Annex meetings and be responsible for setting the agenda. Assistance at each meeting will be provided by the Participant from the nation hosting the meeting.
Prepare and distribute the results mentioned in Paragraph 4 above.
Prepare joint assessments of research, development, and demonstration priorities when desired or necessary.
At the request of the Executive Committee, organize workshops, seminars, conferences, and other meetings.
Propose and maintain a methodology and a format for the submission of information that is collected by the Participants.
Provide, at least semi-annually, periodic reports to the Executive Committee on the progress and results of the work performed under the Program of Work.
Provide an annual technical report to the Annex Participants.
Provide to the Executive Committee, within six (6) months after completion of all work under the Annex, a final report for its approval and transmittal to the Agency.
Co-ordinate the efforts of all Participants and ensure the flow of information in the Annex.
In coordination with the Participants, use best efforts to avoid duplication with activities of other related programs and projects implemented by or under the auspices of the Agency or by other competent bodies. (Specifically, preparation of the final proposal will be coordinated with the proposed EBC Annex, “Cost-effective strategies to combine energy efficiency measures and renewable energy use in building renovation at district level.”) Also, liaison relationship will be established with the IEA DHC Program to use best practices and data developed by the program and to avoid duplication of efforts.
Provide the Participants with the necessary guidelines for the work to be carried out under the Subtasks, for the reports to be made, and for information to be distributed.
Perform such additional services and actions as may be decided by the Executive Committee, acting by unanimity.
Funding
Participation in this Annex requires a minimum effort of 18 person-months per country. Each Participant’s country is required to participate in Subtasks A, B, C, D, E and F. Participation may partly involve funding already allocated to a national activity that falls substantially within the scope of work to be performed under this Annex. Aside from providing the resources required for performing the work of the Subtasks in which they are participating, all Participants are required to commit the resources necessary for activities that are specifically collaborative in nature and would not be part of a national program; for example, establishing common monitoring procedures, preparing for and participating in Annex meetings, coordinating with Subtask participants, and contributing to documentation and information dissemination. These activities are estimated to require at least 50% of the total required level of effort for participation in Subtasks.
The annual meetings shall be hosted in turn by the several Participants. The costs of organizing and hosting meetings shall be borne by the host Participant. Each Participant will bear his/her own costs to travel to the expert meetings. Attendance at expert meetings is mandatory.
The cost of publishing the reports and summary assessments described in Paragraph 4 above shall be met by the Operating Agent.
 Operating Agent and Subtask Leaders
The Operating Agents for the Annex are: Dr. Alexander Zhivov (ERDC, USACE ERDC, USA), Mr. Rüdiger Lohse (KEA, Germany)
The Subtask leaders are:
	Subtask A:
	USA/IT

	Subtask B:
	

	Subtask C:
	DK/DE

	Subtask D:
	USA/IT

	Subtask E 
	USA/DE

	Subtask F
	 /DE


Information and Intellectual Property
Executive Committee’s Powers
The publication, distribution, handling, protection, and ownership of information and intellectual property arising from this Annex shall be determined by the Executive Committee, acting by unanimity, in conformity with the Agreement.
Right to Publish
Subject only to copyright restrictions, the Participants shall have the right to publish all information provided to or arising from this Annex, except proprietary information.
Proprietary Information
The Participants and the Operating Agent shall take all necessary measures in accordance with this paragraph, the laws of their respective countries, and international law to protect proprietary information provided to or arising from this Annex. For the purposes of this Annex, proprietary information shall mean information of a confidential nature such as trade secrets and “know-how” (for example computer programs, design procedures and techniques, chemical composition of materials, or manufacturing methods, processes, or treatments) that is appropriately marked, provided such information:
1. Is not generally known or publicly available from other sources;
1. Has not previously been made available by the owner to others without obligation concerning its confidentiality;
1. Is not already in the possession of the recipient Participant without obligation concerning its confidentiality.
It shall be the responsibility of each Participant supplying proprietary information and of the Operating Agent for appraising proprietary information, to identify the information as such and to ensure that it is appropriately marked.
Arising Information
All information developed in connection with and during activities carried out under this Annex (arising information) shall be provided to each Participant by the Operating Agent, subject only to the need to retain information concerning patentable inventions in confidence until appropriate action can be taken to protect such inventions.
Production of Relevant Information by Governments
The Operating Agent should encourage the governments of all Agency Participating Countries to make available or to identify to the Operating Agent all published or otherwise freely available information known to them that is relevant to the Annex.
Production of Available Information by Participants
Each Participant agrees to provide to a Subtask Leader or to the Operating Agent all previously existing information, and information developed independently of the Annex that is needed by a Subtask Leader or by the Operating Agent to carry out its functions under this Annex, and that is freely at the disposal of the Participant and the transmission of which is not subject to any contractual and/or legal limitations:
1. If no substantial cost is incurred by the Participant in making such information available, at no charge to the Annex therefore;
2. If substantial costs must be incurred by the Participant to make such information available, at such charges to the Annex as shall be agreed between the Operating Agent and the Participant with the approval of the Executive Committee.
Use of Confidential Information
If a Participant has access to confidential information that would be useful to a Subtask Leader or to the Operating Agent in conducting studies, assessments, analyses, or evaluations, such information may be communicated to a Subtask Leader or to the Operating Agent, but shall not become part of the reports, handbooks, or other documentation, nor be communicated to the other Participants, except as may be agreed, between the Subtask Leader or the Operating Agent and the Participant who supplies such information.
Reports on Work Performed under the Annex
[bookmark: GoTo]The Operating Agent shall, in accordance with Paragraph 9.7 above, provide reports of all work performed under the Annex and the results thereof, including studies, assessments, analyses, evaluations, and other documentation, but excluding proprietary information; prepare the Annex Brochure and updates to EBC Web-Site.
Copyright
The Operating Agent may take appropriate measures to protect copyrightable material generated under this Annex. Copyrights obtained shall be the property of the Operating Agent for the benefit of the Participants provided, however, that the Participants may reproduce and distribute such material. However, if it shall be published for profit, permission should be obtained from the Executive Committee.
Authors
Each Participant will, without prejudice to any rights of authors under its national laws, take necessary steps to provide the co-operation from its authors required to carry out the provisions of this paragraph. Each Participant will assume the responsibility to pay awards or compensation required to be paid to its employees according to the laws of its country.
Participants
The Contracting Parties and their designated Participants in this Annex are indicated in the Table (to be finalized later).
The following countries have expressed their interest in participation: USA, Germany, Italy, Latvia, UK, Sweden, Denmark, Norway, and Australia.
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TABLE 7-2 Building Activity Energy Targets (EUl,) (S1 Units)!

EUIs by Building Type by Climate Zone (MJ/m?yr)

No. | Commercial Building Type ASHRAE Climate Zone _

1A |24 [2B |34 | 3B | 3B |3C |4A | 4B |4C |5A |SB [sCt A [6B | 7 | 8

Coast | Other

T | Admin/professional office | 443 | 456 | 446 | 472 | 372 | 430 | 379 | SIS | 449 | 458 | 547 | 475 | 446 | 608 | 536 | 657 | 921
2 | Bankother financial 28 | 648 | 633 | 670 | 528 | 625 | 537 | 735 | 637 | 651 | 777 | 673 | 633 | 864 | 761 | 932 |1307
3 | Government office 553 | 570 | 556 | 589 | 464 | 550 | 473 | 646 | s60 | 572 | 683 | 592 | 556 | 759 | 669 |s20 |1149
4 m;?dﬁ:lgxﬂ\?sﬁ:) 377 [ 380 [ 380 |402 | 317 | 375 | 322 [441 | 382 390 |466 | 404 [380 | 518 [ 457 | 559 | 784
5| Mixeduse office SI2 | 528 [ 516 | 546 | 430 | 509 | 438 | 599 | 519 | 530 | 633 | 549 [ 516 | 704 | 620 | 760 |1065
6 | Other office 428 441 | 431 436 | 359 | 425 | 366 | 500 | 433 | 443 | 529 | 458 | 431 | 588 | 518 | 634 | 889
7| Laboratory 2025 [2001 (1939 [1985 | 1665 | 1873|1506 | 2199 | 1968 2029 (2374 2125|2055 [ 2633 [2399 [2830 [3759
S | Disuibution/shipping center | 140 | 178 | 187 | 227 | 121 | 202 | 163 | 306 | 256 | 248 | 403 | 340 | 271 | 558 | 458 | 682 [1280
9 | Nomeliigerated warchouse | 65 | 86 | 90 | 110 | 59 | 95 | 79 | 148 | 124 | 120 | 195 | 164 | 131 | 270 | 221 |330 | 619
10 | Convenience store 1528 [ 1657 | 1538 | 1727 | 1442 | 1577 | 1606 | 1852 | 1700|1753 |2027 | 1837 [ 1895 [2198 [2032 [2368 [2987
11 | Convenience store with gas | 1231 | 1335|1239 [ 1391 | 1161 | 1270 | 1294 | 1516 | 1370 | 1436 | 1633 | 1480 | 1529 | 1770 | 1637 | 1907 [2407
12 | Grocery/food market 1273 | 1381 | 1282 | 1439 | 1201 | 1314 | 1339 | 1568 | 1417 | 1436 | 1689 | 1531 | 1582 | 1831 [1693 | 1973 |2489
13 | Other food sales 386 418 | 385 | 436 | 364 | 395 | 405 | 475 429 |450 | SIL |463 | 479 | 554 | 513 | 597 | 74
14| Firclpolice station 746 737 714 | 732 | 614 | 690 | 665 | 810 | 725 | 747 | 87 | 782 | 757 | 970 | 883 |1042 1384
15 | Other public order andsafety | 679 | 672 | 651 | 667 | 560 | 629 | 606 | 738 | 660 | 651 | 797 | 713 | 690 | 584 | 505 | 950 |1262
16 | Medical office (diagnostic) | 380 | 366 | 369 | 364 | 341 | 365 | 304 | 360 | 346 | 320 | 346 | 337 | 319 [ 353 | 342 | 348 | 397
17 | Clinic/other oupatien health | 570 | 549 | 554 | 546 | 512 | 545 | 456 | 540 | 519 | 480 | 18 | 506 | 478 | 530 | 514 | 522 | 595
18 | Refrigerated warehouse 784 775 | 751 | 770 | 646 | 726 | 700 | 852 | 762 | 786 | 920 | 823 | 796 [1020 | 929 |1096 | 1456
19 | Religious worship 266 |263 | 255 | 261 | 219 | 246 | 237 | 289 | 259 | 267 | 312 |279 | 270 | 346 | 315 | 372 | 494
20 | Enterinmentieuluure 264 [ 261 [253 259 | 217 | 244 | 235 | 286 | 256 | 264 | 309 | 277 | 268 | 343 |312 | 369 [ 490
21 | Library 696 | 655 | 667 | 654 | 574 | 644 | 621 | 756 | 677 | 695 | 816 | 731 | 707 | 905 | 525 | 975 [1293
22 | Recreation 300|297 |287 [295 | 247 | 278 | 268 | 326 | 292 | 301 | 352 | 315 | 305 | 390 | 356 | 420 | 557
23 | Social/mecting 313 309 | 300 [307 [ 258 | 290 | 279 | 340 | 304 | 314 | 367 | 329 | 318 | 407 | 371 | 438 | 581
24| Other public assernbly 320|317 | 307 | 315 | 264 | 297 | 286 | 348 | 312 | 321 | 376 | 337 | 326 | 417 | 380 | 448 | 595
25 | Collegeluniversity 701 [ 697 | 683 | 709 | 509 | 661 | 573 | 817 | 652 | 734 | 85 | 740 | 739 [1028 [ ss2 |1125 |1668
26 | Blementary/middieschool | 429 | 422 | 408 | 424 | 345 | 395 | 363 | 463 | 406 | 410 | 479 | 418 | 401 | 525 | 465 | 556 | 818
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Existing®

New Construction

Major Renovation

Building Type Site Usage |Source Usage | Site Target | Source Target | Site Target| Source Target
Training Classroom 50 109 15 33 15 33
Barracks 85 129 27 32 27 35
Small Office 59 144 16 30 23 33
Mixed Office 52 120 16 30 25 33
Large Office” 118 318 16 30 25 33

Warehouse 37 70 5 6 5 8

Public Assembly 31 48 18 27 20 30
Recreation 73 117 19 31 20 32
Medical Clinic 85 206 32 37 32 50
Religious Worship 66 83 14 18 15 19
Shopping Mall 84 198 23 54 39 75
Library 50 108 16 35 20 37
Daycare 51 117 22 35 26 45
Convenience/Gas 94 309 65 220 65 220
COF 90 171 11 13 13 20
BGD/BN HQ 48 122 15 32 15 30
Cafeteria 521 808 170 115 194 275
Strip Mall 58 155 23 44 41 110
Reserve Center -— - 12 19 14 22

* Major Renovation is classified as building work exceeding 25% of the facility replacement cost
** Buildings with high internal loads such as the DMDC shall have optimize building type EUI separately
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Note:
Prices will vary significantly by location
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Free cooling load factor: 62% . Electric
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load factor: 30%. Discount rate 10%.

FIGURE19  Levelized costs of district heating and cooling compared to decentralized
production
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Process to Identify Efficient Energy Solutions for Building Clusters and
Neighbourhoods (after Zhivov 2011)
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