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Abstract 
Germany operationalizes sustainability through a tight proof chain: standards become calculations, 

calculations become software outputs, outputs become documentation, and documentation becomes 

measured performance in operation. India has many comparable elements in isolation, but lacks systemic 

coupling. This paper proposes a complete proof-based stack adapted to India’s climate diversity, cooling-

driven peak demand, grid reliability constraints, heavy-industry needs, and the real atmospheric science 

behind winter regional haze in the north. The stack links climate data, envelope physics, cooling-load 

control, performance metrics, MRV, grid-aware operation, air-chemistry awareness, and performance-

backed finance. It is designed to be implementable now using local engineering talent, measurable 

outcomes, and auditable cashflows grounded in established protocols and public primary sources. (Indian 

Institute of Technology Kanpur, 2016; “Ammonium Chloride Associated Aerosol Liquid Water Enhances 

Haze in Delhi, India”, 2022; Commission for Air Quality Management, n.d.; Efficiency Valuation 

Organization, 2012, pp. 5, 8–10, 25–26, 36–39; Central Electricity Regulatory Commission, 2021, pp. 2–4; 

Bureau of Energy Efficiency, 2017; KfW, 2023) 

1. Introduction: why this paper exists 
This document comes from direct exposure to two systems. In Germany, sustainability is often exhaustive 

but functional because the system is vertically integrated: EU directives flow into national law; law 

references DIN/EN norms; norms translate into calculations; calculations are executed via software; 

results are documented; documentation is audited; and facilities are operated against measurable KPIs. In 

India, the urgency is greater but the system is fragmented. Heat is rising, cooling demand dominates 

energy growth, grids face peak stress, and wintertime regional haze episodes persist across state 

boundaries. (Indian Institute of Technology Kanpur, 2016; “Ammonium Chloride Associated Aerosol Liquid 

Water Enhances Haze in Delhi, India”, 2022; Ministry of Environment, Forest and Climate Change, 2019, 

pp. 37–44; Commission for Air Quality Management, n.d.; Bureau of Energy Efficiency, 2017; Bureau of 

Energy Efficiency, 2018) 

2. Research questions and stakes  

2.1 Primary question (systems design) 

How can India construct a proof-based sustainability stack—comparable in rigor to Germany’s 

DIN/DGNB/QNG/GEG ecosystem—while respecting India’s climate diversity, grid constraints, economic 

conditions, regional air chemistry, and political structure? 

2.2 Secondary question (airshed reality) 

What interventions can reduce Delhi–NCR’s PM2.5 (and associated winter haze/ozone problems) 

substantially and durably, and what real implementation constraints in India determine whether those 

interventions work? (Indian Institute of Technology Kanpur, 2016; “Air quality impacts of crop residue 

burning in India and mitigation alternatives”, 2022; University of Surrey, n.d.; “Impact of Air Pollution 

Control Measures and Regional Transport…”, 2019; “Local Incomplete Combustion Emissions…”, 2024; 



“Ammonium Chloride Associated Aerosol Liquid Water Enhances Haze in Delhi, India”, 2022; Ministry of 

Environment, Forest and Climate Change, 2019, pp. 37–44; Commission for Air Quality Management, n.d.) 

Stakes: 

• Cooling-driven peak demand is now a primary driver of grid stress and reliability risk. 

• Renewables increase variability without operational intelligence and flexibility markets. 

• Heavy industry requires reliable power regardless of generation mix. 

• Without MRV, ESG and green finance cannot price performance or enforce credibility. (Efficiency 

Valuation Organization, 2012, p. 5) 

• Regional haze formation crosses municipal and state boundaries, limiting purely local solutions. 

(Indian Institute of Technology Kanpur, 2016; “Ammonium Chloride Associated Aerosol Liquid Water 

Enhances Haze in Delhi, India”, 2022; Commission for Air Quality Management, n.d.) 

3. What exists already (Germany stack) and what is different in India 

3.1 The Germany logic: vertical integration 

Germany’s system works because the accountability chain is complete: rules → calculations → software 

outputs → documentation → audit → operations. This is why tools like DÄMMWERK, IDA ICE, and 

thermal-bridge workflows matter: they sit inside legal and market accountability. 

3.2 India’s reality: components exist, coupling is weak 

India has major building and energy instruments (e.g., ECBC for commercial buildings and Eco Niwas 

Samhita for residential envelope performance), but adoption and enforcement vary by state, and 

operational verification is not yet universal. (Bureau of Energy Efficiency, 2017; Bureau of Energy 

Efficiency, 2018) 

The core transfer failure is not engineering capability; it is the missing coupling between compliance, 

commissioning, operations, measurement, and finance—especially in cooling-dominated climates and 

multi-jurisdiction airsheds. 

4. Methodology 
This is a synthesis research paper (question → claim → reasons → evidence → complications → 

implications). It combines public primary sources (Delhi/NCR apportionment, GRAP/NCAP, peer-reviewed 

atmospheric chemistry, building codes) with building-physics reasoning and operational practice from 

German compliance workflows. No proprietary data is used. (Indian Institute of Technology Kanpur, 2016; 

“Air quality impacts of crop residue burning in India and mitigation alternatives”, 2022; “Impact of Air 

Pollution Control Measures and Regional Transport…”, 2019; “Local Incomplete Combustion Emissions…”, 

2024; “Ammonium Chloride Associated Aerosol Liquid Water Enhances Haze in Delhi, India”, 2022; 

Ministry of Environment, Forest and Climate Change, 2019, pp. 37–44; Commission for Air Quality 

Management, n.d.; Bureau of Energy Efficiency, 2017; Bureau of Energy Efficiency, 2018) 



5. The India proof stack (full mapping) 

5.1 Climate and data layer 
Standardized, auditable weather files (including extreme heat and stagnation sequences), schedules, 

internal gains, and ventilation assumptions. Without shared inputs, simulations cannot be compared or 

verified. For northern haze planning, stagnation sequences matter because meteorology gates extreme 

episodes. (“Local Incomplete Combustion Emissions…”, 2024; “Ammonium Chloride Associated Aerosol 

Liquid Water Enhances Haze in Delhi, India”, 2022) 

5.2 Building envelope and heat-gain layer 

Envelope decisions focus on peak cooling: glazing ratio, SHGC, shading geometry, roof reflectance and 

insulation, infiltration control, and moisture management. Transmission gains and thermal bridges are 

evaluated in relation to peak kW and comfort rather than heating demand. India’s residential envelope 

code explicitly targets limiting heat gains in cooling-dominated climates. (Bureau of Energy Efficiency, 

2018) 

Where India wants DIN-like rigor, it should adopt the physics primitives (U-values, thermal bridges, 

moisture risk) but calibrate targets to Indian climate zones and cooling peaks rather than German heating 

priorities. 

5.3 Cooling systems and controls layer 

System selection and control logic prioritize peak reduction, humidity robustness, and part-load 

performance. Commissioning is mandatory; design intent without commissioning is not performance. 

Performance must be readable through end-use metering and comfort/humidity metrics. (Efficiency 

Valuation Organization, 2012, pp. 9, 20, 24) 

5.4 Performance metrics layer (the minimum measurable set) 

• Annual EUI (kWh/m²·year) with end-use split (cooling, fans, pumps, lighting, plug loads). (Bureau of 

Energy Efficiency, 2017) 

• Peak demand (kW and kW/m²) and peak-day load profile (the grid stress metric). 

• Thermal comfort compliance hours; humidity compliance hours (hot-humid relevance). 

• Operational CO₂e with declared boundaries and disclosed emission factors. 

5.5 MRV layer (Measurement–Reporting–Verification) 

MRV defines baselines, meters, reporting intervals, normalization (weather/occupancy where relevant), 

and verification logic. MRV converts engineering outcomes into auditable facts and financeable cashflows. 

A practical backbone is IPMVP’s options framework for savings determination. (Efficiency Valuation 

Organization, 2012, pp. 8, 20, 36–39) 

5.6 Grid interaction layer (peaks, flexibility, algorithms) 

Buildings interact with the grid through peak shaving, load shifting, and where feasible, model predictive 

control (MPC). Dispatch-side algorithms—such as Security Constrained Economic Dispatch (SCED)—

optimize supply under network and security constraints; demand-side intelligence reduces system stress 



during peak and constrained periods. India’s SCED pilot and extensions are documented by the Central 

Electricity Regulatory Commission. (Central Electricity Regulatory Commission, 2021, pp. 2–4) 

5.7 Heavy industry and reliability layer 

Heavy industries (steel, cement, metals, chemicals, minerals, automotive supply chains) need reliable 

power and predictable costs. Therefore, sustainability policy that ignores reliability pushes firms toward 

diesel back-up and self-provision—worsening both cost and emissions. An India-native strategy must 

combine efficiency, demand flexibility contracts, and grid reliability improvements before expecting broad 

compliance. 

5.8 Air chemistry and regional haze layer (north India / Delhi–NCR) 

Regional haze events, particularly in northern India, arise from the interaction of emissions, winter 

meteorology, and secondary aerosol formation. Ammonium, nitrate, sulfate, chloride chemistry, and 

secondary organic aerosol formation under stagnant conditions can dominate worst episodes. This means 

outcomes cannot be attributed to single sources or jurisdictions. (Indian Institute of Technology Kanpur, 

2016; “Local Incomplete Combustion Emissions…”, 2024; “Ammonium Chloride Associated Aerosol Liquid 

Water Enhances Haze in Delhi, India”, 2022) 

A chemistry-aware strategy targets both primary PM and the precursors that form secondary mass (NOx, 

SO2, VOCs, NH3, and chloride-related precursors), and treats GRAP-style episodic actions as necessary but 

insufficient without year-round reductions. (“Ammonium Chloride Associated Aerosol Liquid Water 

Enhances Haze in Delhi, India”, 2022; Commission for Air Quality Management, n.d.) 

5.9 Finance and institutional layer (KfW-like logic for India) 

A KfW-like institutional logic adapted to India links concessional finance to verified performance. 

Payments, incentives, and repayments depend on MRV results rather than modeled projections. KfW’s 

promotional banking model and scale of green funding and capital-market issuance are documented in its 

financial reporting, illustrating how performance-linked public finance can crowd in private capital. (KfW, 

2023) 

6. Delhi–NCR regional haze: evidence base and what it implies for action 
This section integrates the Delhi–NCR synthesis: (a) what the “China 3,000 industries” meme refers to, (b) 

why Delhi is a portfolio problem, and (c) what the best evidence supports.  

Delhi–NCR Regional Haze: What the Evidence Supports 

Safety / legal note: This is an informational synthesis. It is not legal advice, regulatory advice, or 

investment advice. Implementation must follow Indian law, due process, and labor protections. 

6.1. What that “China suggests shutting 3,000 industries” post refers to 

The “3,000+ heavy industries” line is not a formal Chinese policy proposal for India to immediately shutter 

3,000 Delhi-area units. It refers to a public “here’s what Beijing did” playbook shared by China’s embassy 

spokesperson (and amplified by Indian media), describing Beijing’s industrial restructuring—



closing/relocating thousands of heavy industries (including moving Shougang steel) plus vehicle and 

energy measures. (The Times of India, 2024) 

This distinction matters because Beijing-style industrial relocation was embedded in (1) China’s 

governance capacity, (2) capital-region restructuring policy, and (3) large fiscal/administrative tools—

conditions that only partially map onto Delhi–NCR’s multi-state, mixed formal/informal economy. 

6.2. Research question and stakes  

Research question (RQ): 

What interventions can reduce Delhi–NCR’s PM2.5 (and associated winter haze/ozone problems) 

substantially and durably, and what real implementation constraints in India determine whether those 

interventions work? 

Why this matters: 

Health: Large epidemiological literature links PM2.5 exposure (short- and long-term) with mortality and 

morbidity; large effects persist even below many current standards. (de Bont et al., 2024) 

Economy: Major institutions estimate large economic losses from air pollution (premature deaths and 

morbidity). (World Bank, n.d.) 

6.3. Main claim (working answer) 

Delhi–NCR’s air cannot be “fixed” by one lever (e.g., crop-burning bans or episodic vehicle rationing). The 

evidence supports a portfolio strategy that targets: (1) local combustion + non-exhaust traffic emissions, 

(2) regional secondary aerosol formation (especially winter ammonium chloride/nitrate/sulfate + 

secondary organics), and (3) highly enforceable high-emitting point/cluster sources (industrial clusters, 

brick kilns, DG sets, waste burning)—delivered through airshed governance across NCR states, strong 

compliance monitoring, and realistic political economy design (jobs, compensation, transition pathways). 

(Indian Institute of Technology Kanpur, 2016; “Air quality impacts of crop residue burning in India and 

mitigation alternatives”, 2022; University of Surrey, n.d.; “Impact of Air Pollution Control Measures and 

Regional Transport…”, 2019) 

6.4. Reasons and evidence 

Reason A: Secondary aerosol chemistry + regional transport strongly shape worst episodes 

Evidence threads: 

Modern compositional evidence shows within-Delhi sources and formation dominate important fractions, 

while some components form outside and transport in. (“Local Incomplete Combustion Emissions…”, 

2024) 

Ammonium chloride–associated aerosol liquid water can enhance haze in Delhi; mitigation must consider 

relevant precursors. (“Ammonium Chloride Associated Aerosol Liquid Water Enhances Haze in Delhi, 

India”, 2022) 



Official/commissioned source apportionment repeatedly finds multiple major contributors with strong 

seasonality (traffic, dust, industry, biomass/waste burning, secondary aerosols). (Indian Institute of 

Technology Kanpur, 2016) 

Implication: Policies focusing on one visible source will underperform unless they also address precursors 

(NOx, SO2, VOCs, NH3, and chloride-related precursors) and sustained local primary emissions. 

Reason B: Enforcement and multi-state airshed governance constrain effectiveness 

NCAP recognizes the need for coordinated action planning and systematic approaches. (Ministry of 

Environment, Forest and Climate Change, 2019, pp. 37–44) 

GRAP is a formal multi-agency instrument for NCR episodes, but effectiveness depends on consistent 

cross-jurisdiction implementation. (Commission for Air Quality Management, n.d.) 

Emission inventories exist but are fragmented and need frequent updating; high-resolution inventories 

are feasible and useful for policy modeling. (The Energy and Resources Institute, 2022, pp. 6–10; “Spatially 

resolved hourly traffic emission over megacity Delhi”, 2022) 

Implication: Even “known” solutions fail without credible measurement (inventories + ambient + 

compliance monitoring), cross-border coordination, and enforcement capacity that reaches 

informal/small emitters. 

Reason C: Short-term headline measures (e.g., odd-even) are insufficient alone 

Policy evaluations find mixed/limited effects and high meteorology confounding for short rationing trials 

unless embedded in broader structural reductions. (University of Surrey, n.d.) 

Implication: Transport policy must address freight, inspection/maintenance, bus electrification and mode 

shift, and non-exhaust PM (road dust resuspension; brake/tire). 

Reason D: Crop residue burning can matter strongly on peak days but is not the whole problem 

Peer-reviewed assessments show meaningful episodic impacts and explain why bans alone underperform 

without aligning farm economics. (“Air quality impacts of crop residue burning in India and mitigation 

alternatives”, 2022) 

Atmospheric research quantifies biomass burning contributions and highlights other combustion sources 

depending on place/time. (“Biomass-Burning Sources Control Ambient Particulate Matter…”, 2024) 

Implication: CRB mitigation is a system transition (equipment access, supply chains, credible 

payment/market pull), not only enforcement. 

Reason E: Beijing’s experience is real but not plug-and-play for Delhi–NCR 

Peer-reviewed literature documents Beijing’s coordinated multi-sector reductions and regional joint 

control effects. (“Impact of Air Pollution Control Measures and Regional Transport…”, 2019) 



Empirical studies examine coal-to-gas and related policies for air-quality impacts. (“Does Coal-to-Gas 

Policy Reduce Air Pollution?…”, 2021) 

The “3,000+ heavy industries” point appears in the embassy spokesperson’s summarized playbook as 

reported. (The Times of India, 2024) 

Implication: Delhi can learn from Beijing’s emphasis on sustained multi-sector action and regional 

coordination, but must design India-specific institutional mechanisms and a just transition to avoid 

leakage and job shocks. 

6.5. What the research supports: a sector-by-sector package 

A) Industry and point sources 

Prioritize super-emitters and industrial clusters; target the tail where a minority of units produce outsized 

emissions. 

Fuel switching + strict stack controls where feasible, backed by credible compliance monitoring. 

Selective relocation/land-use change for the worst, least-controllable clusters, with transition planning. 

Anchors: source apportionment and policy-relevant signatures (IITK 2016; TERI/ARAI 2018). (Indian 

Institute of Technology Kanpur, 2016; The Energy and Resources Institute, 2018, p. 29) 

B) Brick kilns (a critical regional contributor in parts of the airshed) 

Modernize kilns (e.g., zigzag and other improved technologies), enforce against illegal/non-compliant 

units. 

Use satellite/remote-sensing monitoring as a scalable compliance tool where validated. 

Complexity: seasonal and dispersed kilns, inter-state enforcement, leakage if only one jurisdiction acts. 

C) Transport (tailpipe + non-exhaust) 

Freight controls: routing, timing windows, low-emission zones for trucks, high-emitter enforcement. 

Inspection & maintenance that actually identifies high emitters (anti-paperwork design). 

Electrify buses and high-usage fleets first (buses, delivery, taxis). 

Non-exhaust PM: road dust resuspension; brake/tire wear; street cleaning and construction track-out 

control. 

Evidence context: limited effects of odd-even style schemes unless paired with structural changes. 

(University of Surrey, n.d.) 

D) Waste burning and household combustion 

Eliminate open waste burning via reliable collection + enforcement + alternatives. 

Integrate informal waste workers into formal systems to avoid policy backfire. 



Clean household energy transitions where relevant. 

Evidence context: some compositional work suggests waste/residential combustion can be significant 

alongside other sources. (“Biomass-Burning Sources Control Ambient Particulate Matter…”, 2024) 

E) Construction + road dust 

Process discipline: covering, wet suppression, track-out control, on-site enforcement. 

Road maintenance and mechanized cleaning (verified silt loading reduction, not optics). 

Complexity: dust control is necessary but insufficient alone in winter when secondary aerosol chemistry 

dominates many severe episodes. (“Local Incomplete Combustion Emissions…”, 2024) 

F) Chemistry-aware control of precursors (NOx, SO2, VOCs, NH3, chloride-related) 

Science implication: To reduce winter PM2.5 substantially, policies must cut precursors that form 

secondary mass and water uptake. Ammonium chloride and associated aerosol water can strongly 

enhance haze, so controlling relevant precursors is not optional. (“Ammonium Chloride Associated 

Aerosol Liquid Water Enhances Haze in Delhi, India”, 2022) 

Complexity: ammonia sources can be diffuse (agriculture, waste/wastewater, urban activities). Ozone 

mitigation is non-intuitive (NOx/VOC sensitivity varies) and can backfire without good modeling and 

inventories. 

6.6. Objections, alternatives, and limits  

Objection 1: “Stop stubble burning and Delhi will be fine.” 

Response: it helps, sometimes a lot on peak days, but PM is multi-sourced and shaped by chemistry and 

regional transport. (“Air quality impacts of crop residue burning in India and mitigation alternatives”, 

2022) 

Objection 2: “Copy Beijing; shut thousands of industries.” 

Response: Beijing’s experience is instructive but transfer is constrained by governance capacity, industrial 

structure, and monitoring. Selective relocation/closure can be a tool, but cluster cleanup, monitoring, and 

transition planning are typically more scalable than a raw shutdown number. (“Impact of Air Pollution 

Control Measures and Regional Transport…”, 2019) 

Objection 3: “Short emergency plans are enough.” 

Response: episodic measures can reduce peaks, but durable improvements require structural reductions 

and year-round enforcement capacity. (Commission for Air Quality Management, n.d.) 

  



Limits (transparent) 

No single document can exhaust all papers across atmospheric chemistry, economics, governance, and 

health. This synthesis grounds claims in major primary sources and provides an evidence map that can be 

extended systematically. 

6.7. A research-grounded, India-realistic roadmap 

Fastest wins (0–24 months) 

Enforce bans on open waste burning and eliminate worst hotspot burning zones (high exposure, high local 

benefit). 

Tighten freight/truck exposure controls (routing + high-emitter enforcement + idling control). 

Industrial cluster compliance drives: identify top emitters; enforce fuels/controls; continuous compliance 

checks. 

Episode-ready measures via GRAP triggered early and applied consistently across NCR (not only Delhi). 

(Commission for Air Quality Management, n.d.) 

Medium-term (2–5 years) 

Brick kiln modernization + satellite compliance; coordinated inter-state enforcement. 

Electrify buses and high-usage fleets; strengthen high-emitter identification and integrity of I/M. 

Chemistry-aware precursor strategy (NOx/VOCs/NH3/Cl) using updated inventories + modeling. 

Structural (5–15 years) 

Airshed governance maturity: sustained joint planning, stable funding, transparent targets. 

Land-use + logistics redesign to reduce truck dependence and dust generation. 

Energy transition + firm controls on power and industry where they affect the airshed. 

7. Integration: how buildings, grids, and haze interact in India 
The most practical integration point is reliability and peaks. When the grid is unreliable or peaks are 

unmanaged, buildings and industries lean on diesel generators and other high-emitting back-up. 

Therefore, peak shaving, load shifting, and verified efficiency improvements are not only climate actions—

they reduce incentives for high-emitting marginal supply and back-up operation, which matters inside a 

multi-source haze regime. (Indian Institute of Technology Kanpur, 2016; The Energy and Resources 

Institute, 2018, p. 29) 

This is not a claim that building efficiency alone solves haze; rather, it is a systems claim: reliability and 

verified demand reduction reduce the need for high-emitting marginal energy in constrained hours and 

reduces dependence on DG sets. (“Local Incomplete Combustion Emissions…”, 2024; “Ammonium 

Chloride Associated Aerosol Liquid Water Enhances Haze in Delhi, India”, 2022) 



8. India-native implementation checklists (no artificial limits) 

8.1 Building performance compliance checklist (annual) 

• Report total EUI (kWh/m²·year) and end-use splits; disclose metering boundaries. (Bureau of Energy 

Efficiency, 2017; Efficiency Valuation Organization, 2012, pp. 25–26) 

• Report peak demand (kW, kW/m²), peak-day profile, and coincidence with system peak hours. 

• Report comfort and (where relevant) humidity compliance hours; specify setpoints and ventilation 

assumptions. 

• Document envelope inputs (roof, walls, glazing SHGC/U-values), shading, and infiltration assumptions; 

align residential envelope logic with ENS. (Bureau of Energy Efficiency, 2018) 

• Commissioning completion and as-operated control sequences; maintain documentation for audit. 

8.2 MRV and audit checklist 

• Define baseline period and adjustment variables; select IPMVP option appropriate to boundary 

(component vs whole facility). (Efficiency Valuation Organization, 2012, pp. 8, 25–26, 33–34) 

• Install and maintain meters/submeters for major end uses (cooling plant, AHUs, lighting, plug, DG if 

present). 

• Normalize performance using weather/occupancy where relevant; publish audit-ready datasets and 

methods. 

• Establish third-party verification and penalties for paper compliance without operational proof. 

8.3 Grid peaks and flexibility checklist 

• Identify feeder/region peak hours; quantify building and cluster coincidence with peak. 

• Deploy peak shaving strategies: thermal storage, setpoint optimization, pre-cooling where feasible. 

• Implement flexibility contracts or demand response programs; integrate with DISCOM signals. 

• Align with dispatch reforms and economic dispatch frameworks (e.g., SCED pilots) and local reliability 

programs. (Central Electricity Regulatory Commission, 2021, pp. 2–4) 

8.4 Regional haze and air-chemistry checklist (Delhi–NCR / north India) 

• Treat winter haze as a secondary aerosol + meteorology problem; avoid attributing outcomes to a 

single source. (“Local Incomplete Combustion Emissions…”, 2024; “Ammonium Chloride Associated 

Aerosol Liquid Water Enhances Haze in Delhi, India”, 2022) 

• Maintain and update emission inventories and chemical speciation monitoring; target key precursors 

(NOx, SO2, VOCs, NH3, chloride-related). (The Energy and Resources Institute, 2022, pp. 6–10; 

“Spatially resolved hourly traffic emission over megacity Delhi”, 2022; “Ammonium Chloride 

Associated Aerosol Liquid Water Enhances Haze in Delhi, India”, 2022) 

• Use GRAP/episode triggers earlier and consistently across NCR jurisdictions; track compliance 

outcomes. (Commission for Air Quality Management, n.d.) 

• Prioritize enforceable super-emitters and clusters; pair enforcement with transition support (jobs, 

finance) to prevent leakage and political backlash. (Indian Institute of Technology Kanpur, 2016; The 

Energy and Resources Institute, 2018, p. 29) 



8.5 Materials, EPDs, and circularity checklist (India-native data) 

To make LCA credible in India, the method structure transfers but the numbers must be localized. A 

practical path is to expand India-specific EPD coverage through aligned programs such as the Indian EPD 

Programme and global EPD systems. (Indian EPD Programme, n.d.; EPD International, n.d.) 

• Prefer product-specific EPDs where available; otherwise use transparent generic datasets with 

uncertainty bands. 

• Record transport distances, local mixes (cement/steel/brick), and end-of-life pathways; disclose data 

sources. 

• Create material passports for major components (steel, aluminum, glazing, concrete) to enable reuse. 

8.6 Workforce and institutions checklist (jobs + cashflow) 

• Create a tiered job ladder: metering/commissioning technicians → M&V analysts → 

controls/optimization engineers. 

• Bundle projects into portfolios to reduce transaction costs and improve financing terms. 

• Tie subsidies and concessional loans to verified outcomes (MRV), not design-stage intent. (Efficiency 

Valuation Organization, 2012, p. 5; KfW, 2023) 

9. Professional bodies and standards interface (India + global) 
For HVAC practice and knowledge diffusion, India and global professional societies play a practical role in 

training, guidance, and dissemination. ISHRAE is India’s HVAC professional society; ASHRAE is the major 

international society in this domain. (ISHRAE, n.d.; ASHRAE, n.d.) 

10. Conclusion 
India does not need to copy Europe’s standards line by line. It needs a proof-based system that fits its 

heat, humidity, grid behavior, economic constraints, and atmospheric reality. The combined evidence 

from Delhi/NCR source apportionment and atmospheric chemistry shows that haze is a multi-source, 

chemistry-amplified, regional problem requiring coordinated governance. Meanwhile, building 

performance and grid peaks define the immediate operational bottleneck for reliability and finance. By 

connecting building physics, verification (MRV), grid algorithms, and air-chemistry awareness to 

performance-backed finance, sustainability becomes operational reality rather than aspiration. (Indian 

Institute of Technology Kanpur, 2016; “Ammonium Chloride Associated Aerosol Liquid Water Enhances 

Haze in Delhi, India”, 2022; Commission for Air Quality Management, n.d.; Efficiency Valuation 

Organization, 2012, pp. 5, 8–10, 25–26, 36–39; Central Electricity Regulatory Commission, 2021, pp. 2–4; 

Bureau of Energy Efficiency, 2017; KfW, 2023) 

  



Abbreviations 
 

• ACP — Atmospheric Chemistry and Physics (journal) 

• AHU — Air Handling Unit 

• ASHRAE — American Society of Heating, Refrigerating and Air-Conditioning Engineers 

• BEE — Bureau of Energy Efficiency (India) 

• BMS — Building Management System 

• CAQM — Commission for Air Quality Management in National Capital Region and Adjoining Areas  

• CEMS — Continuous Emissions Monitoring System 

• CERC — Central Electricity Regulatory Commission (India) 

• CO₂e — Carbon dioxide equivalent 

• CRB — Crop Residue Burning 

• DG / DG set — Diesel Generator / Diesel Generator set 

• DGNB — Deutsche Gesellschaft für Nachhaltiges Bauen 

• DIN — Deutsches Institut für Normung (German Institute for Standardization) 

• DISCOM — Distribution Company (electricity distribution utility) 

• DPCC — Delhi Pollution Control Committee 

• ECBC — Energy Conservation Building Code (India) 

• eLCA — (building) environmental Life Cycle Assessment 

• EN — European Norm (European standard) 

• ENS — Eco Niwas Samhita (India’s residential building envelope energy code)  

• EPD — Environmental Product Declaration 

• ESG — Environmental, Social, and Governance 

• ES&T — Environmental Science & Technology (journal) 

• EUI — Energy Use Intensity (kWh/m²·year) 



• EU — European Union 

• FM — Facility Management / Facility Manager (context-dependent) 

• GEG — Gebäudeenergiegesetz (German Building Energy Act) 

• GHG — Greenhouse Gas 

• GRAP — Graded Response Action Plan (for NCR air pollution episodes) 

• HVAC — Heating, Ventilation, and Air Conditioning 

• IDA ICE — IDA Indoor Climate and Energy (building simulation software) 

• IGP — Indo-Gangetic Plain 

• IPMVP — International Performance Measurement and Verification Protocol 

• ISHRAE — Indian Society of Heating, Refrigerating and Air Conditioning Engineers 

• ISO — International Organization for Standardization 

• IT — Information Technology (as in IT offices / IT buildings) 

• KfW — Kreditanstalt für Wiederaufbau (German development bank) 

• KPI — Key Performance Indicator 

• LCA — Life Cycle Assessment 

• M&V — Measurement and Verification 

• MPC — Model Predictive Control 

• MRV — Measurement, Reporting, and Verification 

• MSW — Municipal Solid Waste 

• NAAQS — National Ambient Air Quality Standards (India) 

• NCR — National Capital Region (India) 

• NCAP — National Clean Air Programme (India) 

• NOx — Nitrogen oxides (primarily NO and NO₂) 

• O₃ — Ozone 

• OA — Organic Aerosol 



• PM — Particulate Matter 

• PM₂.₅ — Particulate Matter ≤ 2.5 µm aerodynamic diameter 

• PM₁₀ — Particulate Matter ≤ 10 µm aerodynamic diameter 

• PUC — Pollution Under Control (vehicle emissions certificate in India) 

• QNG — Qualitätssiegel Nachhaltiges Gebäude 

• RH — Relative Humidity 

• ROI — Return on Investment 

• SA — Source Apportionment (context: SA report) 

• SCED — Security Constrained Economic Dispatch 

• SHGC — Solar Heat Gain Coefficient 

• SIA — Secondary Inorganic Aerosol 

• SO₂ — Sulfur dioxide 

• UHI — Urban Heat Island 

• VOC / VOCs — Volatile Organic Compound(s) 

• VKT — Vehicle Kilometres Travelled 

• WAF — Web Application Firewall 

• WWR — Window-to-Wall Ratio 

• NH₃ — Ammonia 
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