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3. Overall aim and technical objectives 
To confront the era of climate change and design neutral cities, it is necessary to use innovative methodologies of environmental design. In this project, the team of researchers will combine Remote Sensing (RS), Artificial Intelligence (AI), and Machine Learning (ML) methods to develop an urban Digital Twin (DT) model which will be used to explore climate neutral strategies for Middle East and North Africa (MENA) regions. The methodology developed in this project will be tested on a chosen neighborhood in Morocco. 
The project divided into four parts: 
1. Collecting Meteorological and Remote Sensing (RS) data in the chosen study site.
2. Developing neighborhood models for building energy, neighborhood climate, and occupant indoor and outdoor comfort and behaviors using Artificial Intelligence (AI) & Machine Learning (ML) to integrate them as DT.
3. Validating the DT and recognizing the potential building- and city-level interventions to achieve climate neutrality in the neighborhood for present and future climate. The validation process will include RS data.
4. Contemplate the DT development framework for replication in MENA cities and to operate and maintain the digital twin developed.
[bookmark: _Hlk118812629]The Investigators from the Green Energy Park, Morocco (GEP) have experience in smart monitoring and surveying while investigators from the Environmental performance and Design Lab (EPDL), Israel have applied expertise in computational data analysis in a built environment using RS, AI, and ML methods. Collaborative knowledge exchange between GEP and EPDL enables the development of a replicable digital twin and its framework. The proposed project is interdisciplinary with contributions from architects, building engineers, climatologists, data scientists, data engineers, electrical and electronics engineers, full stack developers, social scientists, urban designers, and planners. 
4. Relevance of the project to Middle East development
Around 62% of electricity generated in Morocco is fossil fuel-based and 90% of the hydrocarbons for energy generation imported. The energy needs expected to rise based on the predicted urbanization from 62.4% in 2018 to 73.6% in 2050. On the other hand, Israel expected to double its built environment by 2030 with rapid urbanization. Climate change impact studies conducted across various climates reported an increase in cooling energy demand and a decrease in heating energy demand. Due to fossil fuel-based energy generation, the future demand could result in greenhouse gas (GHG) emissions additionally contributing to Climate change. The dependency on energy imports during future demand promotes energy poverty concerns for low and middle-income families [1].
There are different urban-level energy conservations, renewable energy generation, and storage interventions available in the market. Individual or holistic performance depends on the climate and context of the location. The DT proposed in this project enables informed decision-making for energy-efficient, environmentally safe, and economically effective solutions for the city. Moreover, the DT will inform solutions for better planning of cities in the changing climate condition of the Middle East. The benefits of the development and operation of the proposed DT are multilayer and multiphase (Table 1).
Table 1. The benefits of the proposed project.
	Layers
	Phases

	
	During development
	Post-development

	Economic
	Funding opportunities for eligible students to pursue doctoral and post-doctoral studies
	1. Cost-effective solutions
2. New employment generation
3. New business models and boost to green businesses

	Environment
	-
	1. Reinforce and maintain Carbon-neutrality in cities
2. Reduce greenhouse gas emission intensity
3. Decrease Carbon-based energy imports

	Social
	Strengthen the positive relationship between Arab nations and Israel through capacity- building and knowledge dissemination programs
	1. Ensure socially equal energy security
2. Reduce dependency on geopolitics- sensitive energy imports

	Technology
	Recognize the gaps and needs
	Development of modern technologies


5. [bookmark: _Hlk118812681]Technical background 
Climate change, urbanization, and energy-centered geopolitics are raising energy security concerns across the globe. It is predicted that 68% of the world's population is going to dwell in cities across the world [1]. Most of this concentration is expected to be in developing countries with informal and unplanned settlements prone to climate change impacts [1,2]. The rise in sea levels and floods are a few seasonal risks while the increase in heat stress is going to be a continuous and critical hazard for the unplanned and informal settlements [3–5]. Studies have observed an increase in mortality and morbidity rates due to high-intensity and long-duration heat waves, especially in tropical climates [6–9]. Additionally, the Urban Heat Islands (UHI) intensify the heat stress in cities along with warming conditions due to climate change [10–12].
The Middle East is a hot spot concerning climate change. As a result, Israel and Morocco are dealing with climate change and will have to deal with it in the future as well. Israel and Morocco need to develop different strategies to deal with climate change (adaptation and mitigation) [13].
As a result, this proposed research tries to suggest a novel approach for climate-neutral cities as a new and innovative strategy to cope better with the climate change effects in Israel and Morocco. The proposed strategy is the Digital Twin (DT) framework for climate-neutral Mediterranean Cities. The DT is a novel concept where the digital representation of a complex physical system is used to simulate, integrate, and evaluate interventions and monitor and maintain the physical system [14]. Thanks to the advancements in information and communication technologies (ICTs) at the city- and building-level technologies - multi-spatial DT development is becoming feasible. 
The DT is the digital representation of a complex physical system, which used to simulate, integrate, and evaluate interventions and monitor and maintain the physical system. The DT as an environment comprises two instances – first, the digital replica of a physical system that allows simulation, modelling, and evaluation. Second, the physical system from which real-time sensed data sent to the virtual replica and actions actuated based on the information from the virtual replica. 
Currently, research fields such as Computer-Integrated Manufacturing, Virtual Manufacturing Systems, and Health Monitoring/Prognostics are well-established examples of DT. However, Building Information Modelling comprises both physical and virtual entities with data connections accounted as a more advanced field [14]. The application of DT in the built environment alone can be accounted as an exceptionally large domain spanning its interests from crane operation during construction to real-time urban building energy demand response in operation [15,16]. Thanks to advancements in Data science, and information, and communication technologies (ICT) that are expanding the scope of DT from multivariate simulation, prediction, and automation of a single entity system to a composite entity system such as a city. The data-driven decision-making with DT ensures environmentally friendly and cost-effective solutions for the cities.
6. Technical work plan
The overall work plan for the project can be clustered into three phases – DT development, DT validation, and pilot study. An Urban neighborhood in Morocco shall chose to develop, validate, and pilot the DT to recognize potential measures to transform the neighborhood to carbon neutrality. The project involves multidisciplinary experts for the accomplishment of following 
	Phase-1: Development of DT (Output: DT and its development framework)

	1.1 Monitoring of energy and environment data (Output: Open-access data repository)

	In the selected neighborhood, the strategic exclusive and inclusive energy data shall log in 30-minute intervals through smart meters. Parallelly, the indoor or outdoor built environment climate and pollution data shall log.

	1.2 Collection of neighborhood 3D geometry and thermal data (Output: Open neighborhood Maps)

	Through various spatial RS techniques, the 3D geometry data for modeling digital replicas of neighborhood geometry. The thermal data required for the validation of few ML models

	1.3 Survey of the neighborhood (Output: Indoor and outdoor occupant behavior and climatic preferences)

	The representative units of the neighborhood will select based on the typology and data analysis of monitored energy data for Indoor occupant behavior and comfort preferences. The survey of outdoor occupants – pedestrians shall conduct to account for the climatic preferential criteria of outdoor comfort.

	1.4 Development and testing of ML models for occupant activity behavior pattern (Output: ML models)

	Using ML and AI algorithms, the ML model will develop with the occupant behavior survey, and energy and environment data. The model predictions will evaluate with the accumulated test data from monitoring and survey and on-site field testing.

	1.5 Development and testing of ML models for microclimate prediction (Output: ML metamodels)

	The ML metamodel to predict the microclimatic conditions will developed using the monitored microclimate and thermal imagery data collected. These predictions are correlated to the standard automated weather stations operated by regional meteorological agencies and open remote-sensing data facilitated by satellite missions such as GPM. The testing of the model shall be like 1.4. The computation power required for simulating microclimate using white-box models is enormous. Thus, ML microclimate models developed like regional climate models (RCMs) with spatial resolution.

	1.6 Generation of Calibrated simulation energy models (Output: Calibrated simulation energy models) 

	The 3D geometry data and survey data from 1.1 and 1.3 used to develop calibrated simulation models with the Energy Plus engine. The results evaluated with thermal imagery data and monitored energy and environmental data from 1.2 and 1.3. The models created as a virtual test bed to simulate and predict the energy and environmental performance variation in the built environment

	1.7 Development of DT

	The calibrated simulation model integrated with ML models to develop DT. The microclimate ML model predicts the weather data which goes as input to the occupant behavior ML model and calibrated simulation model. The occupant behavior ML model predicts the appliance use and comfort criteria for the simulation model to predict the energy and thermal performance indoors. Additionally, the outdoor simulation outputs such as outside surface temperature outputs forwarded to the microclimate ML model to account for the successive run.

	Phase-2: Validation of DT (Output: validated DT and DT calibration framework)

	2.1 Validation of DT (Output: Global and regional issues in modeling)

	The testing of DT will perform for various seasons to observe the bias in prediction from ML and simulation models. 

	2.2 Calibration of DT (Output: Successful methods for calibration of DT)

	The self-calibration approaches of ML models are already available. However, the limitations to avoid overfitting the model shall recognized in this stage. The feedback mechanism for DT Managers shall also provide to survey the changing behavioral patterns and comfort criteria of occupants and calibrate the simulation model at regular intervals.

	Phase-3: Pilot study to explain DT use cases (Documented Case study and effective carbon neutral strategies for study area)

	Few technical interventions shall provide as scenarios in silos and combination with the DT platform, and the energy and environmental performance shall assess spatially and temporally. The Life cycle cost shall also perform to prioritize and recognize potential carbon-neutral interventions in terms of cost of cost-effectiveness and energy and environmental performance.

	Phase-4: The development of the framework for DT

	 In this stage, all the data from the previous phases will combine. The combined database will be the base for the final framework for DT. The framework will include all the necessary stages to maintain the DT and replicate it in other locations in the Middle East. 


7. Innovation: 
Once established, the DT platform will integrate novel solutions and strategies and simulate their impact on the calibrated urban building energy models, and then assess the best configurations that allow the transformation to zero-energy buildings. The data of performance indicators along with other details acts as key metrics for stakeholders to make informed environmental, economic, technological, and social inferences that are key for data-driven urban policy decisions. The framework developed in this project shall be replicable for other nations with the same climate conditions. Besides, simulations can be performed for current and future climate scenarios enabling climate change resilient informed design, planning, and policy decisions. The framework will also include RS data. The RS data will serve as a reference for calibrating the energy systems and validating the different results. The DT project will build a new regional scientific exchange between Israel and Morocco complementing knowledge of climatic design in hot and arid climates. As a result, both countries will manage to develop a more suitable structure for neutral climate cities in the climate change era. 
8. Project structure and management:
The EPDL has intensively worked on the development of net-zero buildings and cities using parametric, computational, AI, and ML-integrated design decision-making. While the Green Energy Park (GEP) has established a unique living lab composed of over thirty zero-carbon buildings continuously instrumented and monitored. The entire project will lead by GEP. The potential collaboration with capabilities exchange outlined in the table below.
	Expertise of activities
	Technion
	Green Park

	Monitoring and Survey activities [1.1 and 1.3]
· The living lab workforce capability and ICT use expertise of Morocco contributed.
	Co-lead
	Lead

	Multi-level remote sensing data capturing and monitoring
· The drone-based and satellite-based remote sensed data capturing, and monitoring expertise shared by Israel's counterpart.
	Lead
	Co-lead

	ML metamodels and Calibrated simulation model development
· Israel counterparts have preliminary experience in the same and shall contributed.
	Lead
	Co-lead

	Integrated DT Platform development
· The integrated platform with ICT, UI, and UX integration is available on Morocco's side and shall contributed.
	Co-lead
	Lead


9. Joint Arab Israeli activities planned 
This project aims to strengthen cooperation to promote the activities of researchers in both countries and to define a practical framework for their future joint activities while emphasizing the importance of exchanging experiences and best practices in the energy transition. We aim to establish a mechanism to explore ways of cooperation in the areas of sharing information and experiences, organizing business meetings between experts and delegations of both parties, organizing workshops in both countries, and exchanging study visits for the granted Ph.D. students Highlighting that reaching carbon neutrality necessarily involves the exchange of experiences and best practices in this area.
10. Expected benefits of the project
This potential project will highlight the role of universities and research platforms in incubating modern technologies, including technology transfer from academic development to business applications. The DT decision tool will combine two different research tools - RS data and advanced computational simulations - to create an informed database of cities in the Middle East area. This database will create a new scientific regional exchange between Israel and Morocco on climate planning in an arid climate zone.
The established DT decision tool can support local governments in strategizing carbon-free oriented urban developments and provide decision-making support for energy harvesting initiatives. Moreover, the DT decision tool will increase the impact of computational workflows in the real world by building new interfaces through which policymakers and designers will gain visual critical insights regarding their design solutions.
11. Budget:
	
	Institute 1 (GEP)
	Institute 2 (EPDL)
	Sum

	
	USAID
	Cost Share
	USAID
	Cost Share
	USAID
	Cost Share

	Personnel
	
	
	
	
	
	

	Ph.D. Student
	74,000
	
	74,000
	
	148,000
	

	Ph.D. Student
	74,000
	
	
	
	74,000
	

	Postdoc researcher
	
	
	76,000
	
	76,000
	

	Equipment
	
	
	
	
	
	

	Drone+ camera
	70,000
	
	
	
	70,000
	

	Materials and supplies
	
	
	
	
	
	

	High performing calculation unit

	7,000
	
	
	
	7,000
	

	Travel
	
	
	
	
	
	

	International travel
	27,000
	
	50,000
	
	77,000
	

	Domestic travel
	
	
	
	
	
	

	Other direct costs
	
	
	
	
	
	

	Indirect costs
	
	
	
	
	
	

	Overhead (10%)
	28,000
	
	20,000
	
	48,000
	

	Totals (3 years)
	280,000
	
	220,000
	
	500,000
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