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High with Low: Harnessing the power 3 

of demand-side solutions for high 4 

wellbeing with low energy and material 5 

demand 6 

 7 

We need to improve the evidence base for demand-side solutions: better 8 

modeling, data and policy analysis via interdisciplinary collaborations will 9 

show how high levels of wellbeing can be provided with low energy and 10 

material demand around the world.  11 
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Introduction 88 

 89 

In response to worsening climate change, high market volatility in energy and 90 

materials and geopolitical tensions, policymakers are struggling to ensure the supply 91 

of secure, clean, and affordable energy. Complementary demand-side actions can 92 

help address climate change and sustainability while improving wellbeing1. Too 93 

often, however, research, policy, and societal action fail to fully explore the potential 94 

of demand-side solutions in energy and materials systems. 95 

 96 

We argue that more comprehensive research on demand-side solutions is urgently 97 

needed to develop a solid evidence base for scientific assessments and policy 98 

recommendations.  99 

 100 

We define “demand-side solutions” as policies, interventions, and measures which 101 

modify demand for goods and services to reduce material and energy requirements 102 

and associated GHG emissions, while also contributing to other policy objectives 103 

including improved wellbeing and living standards1,2. Demand-side solutions target  104 

behaviors, end-user technology adoption, and lifestyles as well as the infrastructures 105 

and supply chains that enable and provide for lifestyles. A common classification 106 

hierarchy of demand-side solutions distinguishes between measures which aim to 107 

“avoid” demand for certain goods and services , “shift” demand to more resource-108 

efficient forms of provisioning, and/or “improve” the efficiency of provisioning.1 109 

 110 

The recent Sixth Assessment Report (AR6) of the Intergovernmental Panel on 111 

Climate Change (IPCC) for the first time included a dedicated chapter on demand-112 

side measures, services, and linkages to wellbeing. It showed that demand-side 113 

solutions have the potential to reduce greenhouse gas (GHG) emissions from end-114 

use sectors by 40-70% by 2050 without compromising service levels and with 115 

improvements to wellbeing outcomes across multiple indicators2, demonstrating 116 

strong synergies with the Sustainable Development Goals (SDGs)1,3. Such solutions 117 

enable the design of ‘High with Low’ (HwL) scenarios4, which can promote high 118 

inclusive wellbeing with low energy and material demand (LEMD), a resilient 119 

economy, and progress in sustainable development5 (Figure 1). Lowering energy 120 
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and material demand reduces the size of the biophysical economy6, which can be 121 

more easily decarbonized with renewables and other granular low-carbon supply 122 

technologies, reducing risky reliance on large-scale carbon dioxide removal (CDR)7.  123 

 124 

<<<< Figure 1 around here >>> 125 

 126 

Demand-side research builds on emerging concepts such as minimum Decent Living 127 

Standards (DLSs)8 for all, a “safe and just space” to address inequalities due to the 128 

consumption of the top 10%, as well as sustainable consumption and production 129 

corridors.  These in turn support the analysis and modeling of HwL pathways towards 130 

more equitable societies with higher levels of wellbeing and service provision, 131 

achieved via lower levels of energy and material demand.  132 

 133 

Nevertheless, demand-side solutions are currently underrepresented and 134 

underprioritized in research and policy. Addressing this shortcoming requires 135 

improved analytical and modeling capabilities and methodologies, which can be 136 

achieved through interdisciplinary research on demand-side solutions.  137 

 138 

Accelerating real-world developments  139 

Demand-side solutions are expanding across the world. Progress is being driven by 140 

multiple trends6, including granular (smaller unit scale) innovations9, urbanization, 141 

digitalization, sharing and circular economy, increased awareness, more engaged 142 

users, and new business models. 143 

 144 

For example, over recent decades the European Union has introduced the 1992 145 

SAVE Directive and the "energy efficiency first principle” in Governance Regulation 146 

2018/1999, which has been incorporated into other policies such as the recasts of 147 

the Energy Efficiency Directive. More recently, bans on gas connections in newly 148 

constructed buildings have been proposed in several countries, encouraging 149 

electrification and more efficient appliances such as heat pumps. The Inflation 150 

Reduction Act of the United States also includes several provisions related to 151 

demand-side solutions including tax credits for electric vehicles and heat pumps.  152 

 153 

Thanks to these policies as well as technological innovation, end-use electrification 154 

technologies are expanding. Sales of electric vehicles exceeded 10 million in 2022, 155 

representing 14% of global new car sales. Electric heat pumps are also growing 156 

rapidly, with record high growth observed in Europe, China, and the United States.  157 

 158 

Other examples of demand-side solutions include sustainable urban planning 159 

towards “15-minute cities” that allow citizens to walk or cycle to urban hubs, led by 160 

cities such as Paris and Barcelona. On the lifestyle front, Japan has promoted 161 
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several campaigns, including Cool Biz, which promotes a non-tie style of clothing 162 

during the humid summer months to reduce the use of air-conditioning 163 

 164 

Current state of demand-side scenario analysis 165 

Global climate change mitigation scenarios, often based on integrated assessment 166 

models (IAMs), are a mainstay of international climate policy analysis and feature 167 

prominently in scientific assessments2. Model-based scenario analyses are useful for 168 

comparing and prioritizing alternative options. They can also help to identify 169 

synergies and trade-offs, and analyze whether current policies are consistent with 170 

stated goals.  171 

 172 

However, within the existing corpus of scenario analyses and models there is fierce 173 

debate about the emphasis—and hence the limitations—of supply-side solutions and 174 

carbon dioxide removal options, such as bioenergy with carbon capture and storage. 175 

Bioenergy production is a land-intensive activity, and large-scale removal of CO2 176 

from the atmosphere on the order of 10GtCO2/yr forces complex trade-offs, including 177 

competition for land between food and bioenergy10.  178 

 179 

LEMD scenarios, which minimize such trade-offs, are explored only in a small 180 

number of studies (see Figure 2a for IPCC scenarios; Figures S1-S3 in the 181 

Supplementary Information for a more detailed discussion; see the ref11 for a review 182 

of the buildings sector). In addition, models tend to lack sufficient resolution to 183 

analyze demand-side transformation. For example, energy services are reported > 4 184 

times less frequently than primary energy in the IPCC scenario analysis (Figure 2b).  185 

 186 

Demand-side research does not easily lend itself to the standard techno-economic 187 

approaches used in forward-looking models to identify cost-effective pathways, as it 188 

requires interdisciplinary insights from various disciplines. For example, solutions to 189 

reduce "energy efficiency gaps” (between technically optimal and actually realized 190 

potentials) and “rebound effects” (induced increases in energy service demand as 191 

efficiency measures reduce the cost of energy services) require interdisciplinary 192 

approaches12. Moreover, there are multiple perspectives on service provisioning, 193 

demand and human wellbeing13, and the choice of indicators (whether as model 194 

inputs or outputs) is normative and has direct consequences for modeling. Improved 195 

representation of granularity (scale characteristics) and wellbeing indicators further 196 

increases the complexity of models and linkages, presenting a fundamental research 197 

challenge.   198 

 199 

<<<< Figure 2 around here >>> 200 

 201 
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Research priorities for demand-side analysis 202 

Addressing this challenge requires interdisciplinary knowledge integration, modeling 203 

and scenario analysis, data collection, and policy research. We identify three main 204 

research priorities for advancing interdisciplinary demand-side research on HwL 205 

pathways (Table 1).  206 

 207 

Table 1. Research priorities for HwL pathways  208 

Domain Priorities Examples  

More diverse 
models and 
scenarios 

Models representing demand-side 
solutions based on interdisciplinary 
methodological frameworks can 
complement IAMs for scenario 
analysis 

LEMD scenario modeling 
implementing the HwL4 or 
similar narratives 
 
IAM coupling with high 
resolution demand-side 
models 
 
Updating the IAMC 
scenario data template for 
demand-side analysis  

Better data  Expanded and improved data on 
demand, services and wellbeing 
can improve the design and 
calibration of models for demand-
side solutions 

Metadata collection and 
gap analysis of demand-
side data 
 
Energy demand surveys in 
wider areas 
 
OECD (Organization for 
Economic Cooperation 
and Development)’s How’s 
Life compilation of 
wellbeing indicators  
 
Big data14 and new 
datasets 

Evidence on 
policies, societal 
actions, and 
business 
models 

Incorporating demand-side 
characteristics (e.g., elasticities) 
can bridge the gap between 
model-based analysis and 
concrete actions 

Energy services & 
wellbeing-driven 
analysis (e.g., DLS)  
 
Sufficiency policy 
database  

 209 

 210 

A wider scope and greater variety of models and scenarios 211 

Methodological innovation is needed to bring the analysis of demand-side solutions 212 

into the mainstream of mitigation pathway modeling at local, national and global 213 
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scales. A variety of detailed sectoral and bottom-up models, including engineering 214 

and agent-based traditions, already exist (e.g., for analyzing energy demand in 215 

buildings11). Though IAMs have historically focused on supply-side modeling, they 216 

can also be fruitfully extended to improve their resolution of processes in multiple 217 

sectors and/or coupled with, linked to, or parameterized after, more detailed models. 218 

The complementary use of a variety of models is urgently needed to understand the 219 

impact of digitalization, changing practices, and policy mixes in HwL pathways11.  220 

 221 

Scientific assessments should engage with multiple research communities to 222 

incorporate insights into demand-side solutions. The IAM research community is 223 

organized around the IAM Consortium (IAMC) (https://www.iamconsortium.org/), to 224 

which, for example, the IPCC has easy access. Open calls for sectoral scenarios 225 

(buildings and transport) were made during the IPCC AR6 cycle, but the submissions 226 

were few. More effort is needed to solicit valuable contributions from other types of 227 

modeling traditions15 to improve the usefulness of the next IPCC  assessments 228 

including the Special Report on Cities. The Energy Demand changes Induced by 229 

Technological and Social innovations (EDITS) network, for instance, is facilitating a 230 

broadening and a deepening of demand-side modeling contributions by expanding 231 

the IAMC scenario data template and fostering new interdisciplinary collaborations.  232 

 233 

Scenario design should also promote efforts to model low energy and material 234 

demand based on the HwL narrative and novel scenario frameworks. Such 235 

frameworks should also incorporate the effect of rapidly developing, supply-side 236 

granular technologies7,9.  237 

 238 

Better data on demand, services, and wellbeing  239 

Modeling wellbeing, service provisioning and energy and material demand requires 240 

data that are dispersed across different locations and research communities (which 241 

are increasingly interconnected)14, as well as new datasets and frameworks. Even 242 

basic energy datasets such as national energy balances need to be updated to 243 

better reflect energy services and useful energy. It would therefore be crucial to bring 244 

research communities together in an interdisciplinary effort, in order to arrive at 245 

compatible ontologies and systems definitions.  246 

 247 

National panel surveys can help in this respect. For example, in 2014, Japan’s 248 

Ministry of the Environment launched a household survey on energy consumption 249 

patterns and CO2 emissions, similar to the long-standing Residential Energy 250 

Consumption Survey (RECS) in the United States. This novel data source has 251 

spawned numerous studies, providing a baseline for further exploration of demand-252 

side solutions. Similar survey efforts are emerging in the Global South (e.g., in India 253 

and Mexico). Artificial intelligence  and big data (e.g., bibliometric analysis14, remote 254 

sensing and social media data) can be fruitfully exploited. Improved methodologies 255 
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for developing data on the energy-material nexus (e.g., embodied emissions of 256 

materials production, accumulated material stocks) are also needed.  257 

 258 

A significant step towards synthesizing concepts and data related to demand-side 259 

solutions was undertaken by WGIII of the IPCC in the AR6 (Chapter 5). Looking 260 

ahead, this evidence should be bridged with modeling. Importantly, demand-side 261 

modeling is more data-intensive than supply-side modeling, and updating data is a 262 

significant challenge. To overcome these challenges, the EDITS network is working 263 

on meta-datasets and data collections for modeling teams, as well as conducting 264 

reviews of models and scenarios11, and identifying gaps between existing and 265 

required data.  266 

 267 

Linking analysis to policy, society, and business 268 

Alongside model development, demand-side policy analysis is crucial for ex-post 269 

evaluation and the design of new scenarios. A recent review16 outlined the need for 270 

demand-oriented policies based on transitions research, energy technology 271 

innovation systems, and conventional policy analysis and the need to take into 272 

account the specificities of demand-side solutions: endogenous and heterogeneous 273 

preferences, peer effects, granular technologies, and the roles of different actors and 274 

intermediaries3  involved in the implementation of demand-side options.  275 

 276 

While there is a long history of demand-side policies, research has not yet 277 

systematically synthesized their potentials for the current challenges. The new 278 

agenda for policy analysis includes (1) the link between climate change and other 279 

SDGs, (2) wellbeing implications, (3) interdependencies between energy, materials, 280 

other resources, (4) relationships among sufficiency, upper ceilings, and planetary 281 

boundaries, and (5) spatially explicit interactions with the built environment. Ex-post 282 

policy evaluations can go hand in hand with scenario analysis to provide valuable 283 

insights for effective policy interventions across regions and sectors. Policymakers 284 

also need clear communication strategies and bundled policy packages or “policy 285 

mixes” to implement such solutions.  286 

 287 

To effectively support different actors, the evidence base should go beyond 288 

government policies to include new business models and societal actions. These will 289 

be critical for promoting sufficiency, sharing and circular economies, digitalization in 290 

line with the Industry 5.0 paradigm and other broad demand-side strategies.  The 291 

scenarios in the IPCC reports have also not explicitly addressed digitalization, which 292 

involves new business models and services with potential contributions to HwL 293 

futures. Lessons from sustainability transitions research, which describes the co-294 

evolution of social and technical systems, are highly relevant and can be mobilized 295 

to inform further quantitative modeling.  296 

 297 
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Conclusion 298 

The pressing need for more robust evidence and analysis of HwL futures creates 299 

research priorities that should be addressed through interdisciplinary collaboration to 300 

inform policy and support societal changes required for a transition to sustainability. 301 

This has support at the highest political level, as evidenced by the 2023 G20 302 

communiqué and the decision at the 28th Conference of Parties (COP) to the United 303 

Nations Framework Convention on Climate Change (UNFCCC). The international 304 

EDITS network is an initiative to mobilize research in this area, but much more is 305 

needed from both the scientific community and the IPCC to improve the linkage 306 

between scenario and demand-side research. We call on researchers, governments, 307 

statistical offices, funding agencies, and other interested stakeholders to join forces 308 

to strengthen the evidence base for demand-side solutions. 309 

 310 

Data availability 311 

The dataset used for Figure 2 is publicly available from the IPCC AR6 Scenario 312 
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 341 

Figure Legends 342 

 343 

 344 

 345 

Figure 1. ‘High with Low’ (HwL) scenarios4—high wellbeing and service levels 346 

with low energy and material demand (LEMD)—offer multiple benefits at low 347 

costs and risks. LEMD pathways can enable the achievement of high and 348 

inclusive wellbeing as well as the contextual achievement of multiple SDGs. In 349 

contrast, supply-side solutions with high energy and material demand carry 350 

risks associated with higher resource use. LEMD complements supply-side 351 

decarbonization, for example, through the deployment of renewables and other 352 

clean energy. High demand scenarios do have benefits, including fewer 353 

transition barriers and stranded assets, and large-scale projects may bring 354 

about economic benefits. The distinction between the two scenarios is not 355 

binary but illustrative. 356 

 357 

 358 

 359 

Figure 2. (a) Distribution of final energy consumption in the IPCC AR6 scenario 360 

database for 2030, 2050, and 2100. The blue dashed vertical line indicates the 361 

original LED scenario, which was also presented as an illustrative mitigation 362 

pathway in the IPCC, and the black dashed vertical line represents the total 363 

final energy consumption in 2019 from the International Energy Agency 364 

statistics. See Figures S1-S3 for sectoral breakdowns. (b) Submission rate of 365 

variables to the IPCC AR6 Scenario Explorer, defined as the number of the 366 

variables submitted, divided by the number of unique models, times the 367 

number of unique variables. For both panels, only the scenarios consistent 368 

with the Paris Agreement (peak warming of 2 degrees Celsius or less with > 369 

67% probability; scenario categories C1, C2, and C3) are used.  370 

 371 

  372 
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